
Prof. Dr. Harald Sack: FAIR Research Data Management with Knowledge Graphs and Ontologies, InnoMatSafety, 25.06.2021

FAIR Research Data Management 
with
Knowledge Graphs and 
Ontologies
Prof. Dr. Harald Sack
InnoMatSafety 
25.06.2021



Prof. Dr. Harald Sack: FAIR Research Data Management with Knowledge Graphs and Ontologies, InnoMatSafety, 25.06.2021
2

Knowledge Graphs @ FIZ Karlsruhe
Projects, Services & NFDIs

NFDI4Objects

2019

2020

2021



Prof. Dr. Harald Sack: FAIR Research Data Management with Knowledge Graphs and Ontologies, InnoMatSafety, 25.06.2021
3

From Data to Knowledge

33.6
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From Data to Knowledge
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From Data to Knowledge

          33.6m
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          33.6m

[1]

[1] S. G. Brown: Balaenoptera musculus (Linnaeus 1758) – Blauwal, in Jochen Niethammer, Franz Krapp (Hrsg.): Handbuch der Säugetiere Europas. 
      Band 6: Meeressäuger, Teil I Wale und Delphine – Cetacea, Teil IB: Ziphidae, Kogiidae, Physeteridae, Balaenidae, Balaenopteridae. Aula-Verlag 
      Wiesbaden 1995

[1] (1922)
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Data
[2]
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Information
[3]
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Data transforms to information by convention, information to knowledge by cognition, 
and knowledge to wisdom by contemplation

Knowledge
[4]
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From Data to Knowledge

10

DIKW Pyramid, Ackoff 1989 

From Data to Knowledge

evaluated understanding

information enriched with semantics

in usable form

raw characters and symbols

future
novelty

past
experience
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What is Knowledge?

[5]

Beliefs
Truths

Knowledge

Traditional Definition: „Knowledge is a subset of all true beliefs“
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„People can‘t share knowledge if
 they don‘t speak a common language“

Thomas Davenport (1997)

[5]
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...to speak a common Language:

● common symbols and concepts (Syntax)
● agreement about their meaning (Semantics)
● classification of concepts (Taxonomy)
● associations and relations of concepts (Thesauri)
● rules and knowledge about which relations are 

allowed and make sense (Ontologies) 

[5]

What again are Ontologies?
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What is Ontology?

„A theory of being, which tries to explain the being 
itself, by developing a system of universal categories 
and their intrinsic relationships...“

Philosophy Definition

[6]
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DIKW Pyramid

What is an Ontology?

„A theory of being, which tries to explain the being 
itself, by developing a system of universal categories 
and their intrinsic relationships...“

Computer Science Definition

What is an Ontology?

[7]

An ontology is an 
explicit, formal specification of a shared conceptualization. 

according to Thomas R. Gruber: A Translation Approach to Portable Ontology Specifications. 
Knowledge Acquisition, 5(2):199-220, 1993.
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DIKW Pyramid

What is an Ontology?

„A theory of being, which tries to explain the being 
itself, by developing a system of universal categories 
and their intrinsic relationships...“

What is an Ontology?

[7]

conceptualization:  abstract model
        (domain, identified relevant concepts, relations)

explicit:          meaning of all concepts must be defined

formal:                          machine understandable

shared:                consensus about ontology

An ontology is an 
explicit, formal specification of a shared conceptualization. 

according to Thomas R. Gruber: A Translation Approach to Portable Ontology Specifications. 
Knowledge Acquisition, 5(2):199-220, 1993.
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BM MaxLength Statement

content

            33.6m

From Data to Knowledge

Baleanoptera musculus

33.6

maxLengthM

BaleanopteraMusculus ⊑ Animal ⊓ ∀maxLengthM.≤33.6

Animal
subClass Of

(Mini) Example Ontology + Knowledge Graph

Class Class Property Constraint

Animal ⊓ Plant ≡ ∅

subClass Of

ThingAnimal ⊑ Thing

Plant

subClass Of

Plant ⊑ Thing

[1]

1922
date

Brown, Baleanoptera musculus (1995)

reference
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From Data to Knowledge

BaleanopteraMusculus

Animal

subClassOf

Moby

“Moby the Blue Whale”

hasName

AtlanticOcean

livesIn

is a

Terminological 
Knowledge

Assertional 
Knowledge

BodyOfWater

livesIn

InstancesClasses

is a

Logical 
inference

Logical 
inference

is a

[1]

Encoded via RDF:

:Moby foaf:name “Moby the Blue Whale” .
:Moby :livesIn  dbr:Atlantic_Ocean .
:Moby rdf:type  dbr:Blue_Whale .

(Mini) Example Ontology + Knowledge Graph
Logical Inference and Encoding
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Ontology Types and Categories
according to their level of Generality

Top-Level Ontology 
(Upper Ontology, 

Foundation Ontology)

Task OntologyDomain Ontology

Application Ontology
specialized ontology focussed on a specific task 
and domain; often a specialization of both task 
and domain ontology; often specify roles played 
by domain entities for specific activity

fundamental concepts according to a 
general activity or task; specializes 
terms introduced in top-level ontology

(according to Guarino: Formal Ontology in Information Systems, 1998)

general, cross domain ontologies;
 represent very general concepts as e.g., Time, Space, Event;
independent of a specific domain or problem

fundamental concepts
according to a generic 

domain; specializes terms 
introduced in top-level 

ontology

[7]
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Ontology Types and Categories
according to their level of Semantic Expressivity

(according to Guarino: Formal Ontology in Information Systems, 1998) (according to Lassila and McGuiness:The Role of Frame-Based Representation on the Semantic Web, 2001

formalinformal

- +Expressivity

Controlled 
Vocabulary

Thesauri formal IS-A Frames
General Logical 

Constraints

Glossaries Informal IS-A
Formal

Instance
Value

Restrictions

Disjunctiveness,
Inversiveness,

Part-of...

Terms Folksonomies
formal

Taxonomies
First Order

Logics
Data

Dictionaries
Logic

Programming
Description

Logics

Heavyweight
Ontologies

Lightweight
Ontologies
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“It does not do to leave a live dragon out of your calculations, 
  if you live near him.”

J.R.R. Tolkien, The Hobbit or There and Back again (1937)

[9]
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Ontologies as Interpretations of Reality
Various categories of animals from "a certain Chinese encyclopedia" 
according to Jorge Luis Borges:

● Those that belong to the emperor
● Embalmed ones
● Those that are trained
● Suckling pigs
● Mermaids (or Sirens)
● Fabulous ones
● Stray dogs
● Those that are included in this classification
● Those that tremble as if they were mad
● Innumerable ones
● Those drawn with a very fine camel hair brush
● Et cetera
● Those that have just broken the flower vase
● Those that, at a distance, resemble flies

Jorge Luis Borges: The Analytical Language of John Wilkins (1942)

Jorge Luis Borges 
(1899-1986)

[10]
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What is the Purpose?
What will be the Application(s)?

[11]
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Geisteswissenschaften Naturwissenschaften Lebenswissenschaften

Sozialwissenschaften Ingenieurwissenschaften

Forschungsdaten
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Forschungs-
datensilos

● Forschungsdaten abgeschlossen 

in lokalen Datensilos

● Zugriff nur via proprietäre APIs 

● Ohne spezielles Vorwissen 

können Forschungsdaten kaum 

gefunden werden

● Quervernetzung zwischen 

Datenrepositorien nahezu 

unmöglich

● FAIR Prinzipien sind oft nur 

unzureichend umsetzbar

[12]
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vernetzte 
Forschungsdaten

vernetzte 
Forschungsdaten

https://www.publicdomainpictures.net/pictures/380000/velka/globale-digitalisierung-201105.jpg 

https://www.publicdomainpictures.net/pictures/380000/velka/globale-digitalisierung-201105.jpg
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Data Repository

Data Repository

Data Repository

Data Repository

Data Repository

Data Repository

Research Domain 
Knowledge Graph 1

Knowledge Graph 2

other Research Domains

Knowledge Graph 3

FAIR Research Data Management
with Ontologies and Knowledge Graphs

Knowledge Graphs
Implement all 4 FAIR Principles

● Findability

● Accessibility

● Interoperability und

● Reproducibility

for Research Data Management
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- Standardisierung von Metadaten

- Nutzung von Normdaten

- Ontologien und semantische Technologien

- Wissensgraphen

- Umsetzung der FAIR Prinzipien
- Findability
- Accessibility
- Interoperability
- Reusable

Vernetzte Forschungsdaten
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But how to get there...?

Caspar David Friedrich, Wanderer über dem Nebelmeer, 1818 [10]
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Great Ontology

Follow an Approved Methodology
SOMETHING

[16]

Niles, John Jacob, An Early Flying Machine, c. 1908, University of Kentucky
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Great Ontology

Follow an Approved Methodology
SOMETHING

[17]

NeOn Toolkit

Protégé
myOntology

coefficientMakna

Ikewiki
OntoWiki

Ontology Design Patterns

UPON (Lite)

SABiO
DOGMA

EsOE

Rational Unified Process
IIAM

SCIM

AMOD

CoMetO

Methontology

Ontology 101

ONIONS On-To-Knowledge

IDEF5 

TOVE

OTTR

Niles, John Jacob, An Early Flying Machine, c. 1908, University of Kentucky
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Ontologies and Knowledge Graphs for Research Data Management

(1) (Raw) Research Data
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(1) (Raw) Research Data
(2) Schema Information

structured information unstructured information

Ontologies and Knowledge Graphs for Research Data Management
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(1) (Raw) Research Data
(2) Schema Information
(3) Metadata

structured
+

unstructured
Information

Ontologies and Knowledge Graphs for Research Data Management
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(1) (Raw) Research Data
(2) Schema Information
(3) Metadata
(4) External Resources

structured information

unstructured information

semantic information

semantic information

Ontologies and Knowledge Graphs for Research Data Management
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(1) (Raw) Research Data
(2) Schema Information
(3) Metadata
(4) External Ressources

unstructured
information

structured
information

semantic
information

knowledge 
extraction

semantification

existing 
ontologies

new
ontologies

knowledge graph

existing
knowledge graphs

other information 
resources

Ontologies and Knowledge Graphs for Research Data Management
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“Though this be madness, yet there is method in it”
William Shakespeare, Hamlet (1602)

The Liberty Statue, work in progress,  1884  [17]
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Ontology Types and Categories
according to their level of Generality

Semantic Search & Retrieval
FAIR Research Data Management - Findability & Accessibility

40

Documents
(Literals)

Knowledge Graph
(Instances)

Ontology
(Classes & Relations)

Jörg Waitelonis, Claudia Exeler, and Harald 
Sack. Linked Data enabled Generalized Vector 
Space Model to improve document retrieval. 
In Proc. of NLP & DBpedia 2015 workshop in 
conjunction with 14th International Semantic 
Web Conference (ISWC2015), CEUR Workshop 
Proceedings, Vol1581, pp 33-44, 2015.
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Ontology Types and Categories
according to their level of Generality

Exploration & Recommendation 
FAIR Research Data Management - Findability & Accessibility & Reusability

41e.g. via refer.cx WordPress PlugIn at http://scihi.org/ 

http://scihi.org/
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Innovative Informationssysteme

- Verbessertes Retrieval
- Föderierte Suche
- Semantische Suche 
- Explorative Suche
- Ähnlichkeitsbasierte Suche
- Intelligente Empfehlungen
- Question Answering
- Explainable AI
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● Probleme mit Wikibase:

○ Eingeschränkte Vernetzbarkeit

○ kein W3C konformes Vokabular 

(RDF, RDFS, OWL) nutzbar

○ keine explizite Semantik (damit auch kein 

Reasoning möglich)

○ kein dezidiertes Rechte- und 

Zugriffsmanagement

○ komplexe Architektur erfordert aufwändige 

Anpassungen

○ Abhängigkeit von Wikimedia Foundation

2. NFDI4Culture 

Wikibase Workshop

07.07.2021

Community-basierte Kuratierung und Management 
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Prof. Dr. Harald Sack

Knowledge Graphs for Research Data Management
harald.sack@fiz-karlsruhe.de

twitter: lysander07

InnoMatSafety 

25.06.2021

“Technology presumes there's 
just one right way to do things 
and there never is.”

Robert M. Pirsig, Zen and the Art of Motorcycle 
Maintenance (1974)

Take Home Messages:

● Die Vernetzung von Daten, 
Informationen und Wissen wird immer 
wichtiger. 

● Ontologien und Wissensgraphen 
helfen bei der effektiven Umsetzung 
der FAIR Prinzipien im 
Forschungsdatenmanagement.

● Die NFDI bietet die Chance der 
großflächigen (intelligenten) 
Vernetzung von Forschungsdaten.

● Wissensgraphen ermöglichen 
großflächige Vernetzung und 
Integration von Forschungsdaten 
innerhalb der NFDI und darüber hinaus.

mailto:harald.sack@fiz-karlsruhe.de
https://twitter.com/lysander07
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