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Wissensgraphen: Daten - Informationen - Wissen

Overview:
1. From Numbers to Insights 
2. Knowledge Representation with Graphs
3. Ontologies and Logic
4. Knowledge Graph Applications
5. Hybrid Artificial Intelligence
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Projects, Services & NFDIs
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1. From Numbers to Insights - Data, Information, and Knowledge

4
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https://chat.openai.com/chat 
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https://chat.openai.com/chat 
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https://chat.openai.com/chat 
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a quantity ?
a point in time ?

a time span?
a length?
a weight?

a measurement?
a code ?

a character string?

42
We need 
more information
to make sense of 
the data 

1. Knowledge Representation with Graphs / 1.1 From Numbers to Insight 

Picture: Midjourney [cc-by 4.0]
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Data
● Data is raw. 
● It simply exists and has no significance 

beyond its existence (in and of itself). 
● It can exist in any form, usable or not. 

Picture: Midjourney [cc-by 4.0]
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Information

Picture: Midjourney [cc-by 4.0]

● Information is data that has been given meaning by way of relational connection.
● This "meaning" can be useful, but does not have to be. 
● Information answers to questions that begin with such words as who, what, 

when, where, and how many.
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Knowledge

[3]

● Knowledge is the appropriate collection 
of information, such that its intent is to 
be useful.
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● Wisdom is the ability to make sound judgments 
and decisions.

Wisdom

Picture: Midjourney [cc-by 4.0]
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From Data to Knowledge

13

DIKW Pyramid, Ackoff 1989 

Data, Information, Knowledge

evaluated understanding

information enriched with semantics

in usable form

raw characters and symbols

future
novelty

past
experience

1. 1. Knowledge Representation with Graphs / 1.1 From Numbers to Insight 

data transforms to 
information by convention

information transforms to 
knowledge by cognition

knowledge transforms to 
wisdom by contemplation
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What is Knowledge?

14
Picture: Midjourney [cc-by 4.0]
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Beliefs

Knowledge (justified true beliefs)

True Beliefs

Truths

15

What is Knowledge?
1. The Art of Understanding / 1.2 Knowledge and how to represent it

Traditional Definition: „Knowledge is a justified subset of all true beliefs“

To represent knowledge, we need a (formal) knowledge representation.

Ichikawa, J.J., Steup, M.,  "The Analysis of Knowledge", The Stanford Encyclopedia of Philosophy (Summer 2018 Edition), Edward N. Zalta (ed.),
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„People can’t share knowledge if
 they don’t speak a common language“

Davenport & Prusak, 1997
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2. Knowledge Representation with Graphs

17
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18
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An Intuitive Way to Represent Knowledge
1. Knowledge Representation with Graphs / 1.3 Graphs and Triples

Subject Predicate Object = Triple

Picture: Midjourney [cc-by 4.0]
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20

An Intuitive Way to Represent Knowledge
1. Knowledge Representation with Graphs / 1.3 Graphs and Triples

node edge node = Graph
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21

An Intuitive Way to Represent Knowledge
1. Knowledge Representation with Graphs / 1.3 Graphs and Triples
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Further Refinements
1. Knowledge Representation with Graphs / 1.3 Graphs and Triples
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Further Refinements
1. Knowledge Representation with Graphs / 1.3 Graphs and Triples
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Knowledge Graphs
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How does the Computer know the Meaning? 

Picture: Midjourney [cc-by 4.0]
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Can be solved via individual software code:

IF ((Alec Guinness, is a, Person) AND (Person, subclass of, Creature)) 
THEN 
   (Alec Guinness, is a, Creature) 

Can we deduce that Alec Guinness is a “Creature”?
1. Knowledge Representation with Graphs / 1.4 Knowledge Graphs

Picture: Midjourney [cc-by 4.0]
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Back to the Start
1. Knowledge Representation with Graphs / 1.4 Knowledge Graphs

To represent knowledge explicitly (and to make use of it),
we need a knowledge representation that can be “understood” by the computer.

● Ontologies based on Mathematical Logic as “formal” Knowledge Representation.
● Inference Engine (Semantic Reasoner) to draw conclusions and inferences.
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A Formal Way to Represent Knowledge
(Over)Simplified Example

1. Knowledge Representation with Graphs / 1.4 Knowledge Graphs

Obi-WanKenobi ∈ FictionalCharacter
AlecGuinness ∈ Person
StarWars ∈ FilmSeries

FictionalCharacter ⊆ Agent
Person ⊆ Creature

FilmSeries ⋂ Creature = ∅

Ba
sic

 Se
t T

he
or

y

Logical Inference
AlecGuinnes   ∈ Creature
AlecGuinness  ∉ FilmSeries
StarWars      ∉ Creature
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29

Formal Knowledge Representations
1. Knowledge Representation with Graphs / 1.4 Knowledge Graphs

What’s the difference between formal knowledge representations and 

traditional data structures?

1. Mathematical Logic provides a framework to formally express the 

semantics of knowledge representations. 

2. Semantics of knowledge representations can be defined explicitly.

3. Mathematical Logic enables logical inferences and reasoning for 

knowledge representations.
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3. Ontologies and Logic

30
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„People can’t share knowledge if
 they don’t speak a common language“

Davenport & Prusak, 1997

[5]Picture: Midjourney [cc-by 4.0]



Prof. Dr. Harald Sack, Wissensgraphen: Daten - Informationen - Wissen, Studium Generale der Philipps-Universität Marburg, 24.01.202432

[5]Picture: Midjourney [cc-by 4.0]

...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) 
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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

[4]
Picture: Midjourney [cc-by 4.0]
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What is an Ontology?

Computer Science Definition

What is an Ontology (in Computer Science)?

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.

Picture: Midjourney [cc-by 4.0]



Prof. Dr. Harald Sack, Wissensgraphen: Daten - Informationen - Wissen, Studium Generale der Philipps-Universität Marburg, 24.01.202435 35

What is an Ontology?

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

explicit:          meaning of all concepts must be defined

formal:                          machine understandable

shared:                consensus about ontology

What is an Ontology (in Computer Science)?

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.

Picture: Midjourney [cc-by 4.0]
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What is an Ontology?

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

explicit:          meaning of all concepts must be defined

formal:                          machine understandable

shared:                consensus about ontology

What is an Ontology (in Computer Science)?

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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Person(AlecGuiness)

Person ⊑ Creature
⇒ Creature(AlecGuiness)

FilmSeries(StarWars)

FilmSeries ⊓ Creature ≡ ∅

⇒ AlecGuiness ≢ StarWars

Knowledge Representation with Ontologies and Knowledge Graphs

Description Logics
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ClassesInstances / Individuals

Encoded via RDF(S) & OWL:

:AlecGuiness    rdf:type         dbo:Person .
dbo:Person      rdfs:subClassOf  dbo:Creature .
:StarWars       rdf:type         dbo:FilmSeries .
dbo:FilmSeries  owl:disjointWith dbo:Creature .

Assertional Knowledge Terminological Knowledge

Knowledge Representation with Ontologies and Knowledge Graphs
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4. Knowledge Graph Applications
40
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T. Tietz, J. Jäger, J. Waitelonis, H. Sack, Semantic Annotation and Information Visualization for Blogposts with refer, (VOILA 2016)

Knowledge Graph Applications

Semantic Search 
& Retrieval

Exploratory 
Search & 
Recommender 
Systems

Question 
Answering

Data Integration

Visualizations

http://scihi.org 

http://scihi.org
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Data Integration

Picture: Midjourney [cc-by 4.0]
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National Research Data Initiative

T. Tietz, et al.: From Floppy Disks to 5-Star LOD: FAIR Research Infrastructure for NFDI4Culture (DaMaLOS 2023)
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Semantic Search & 
Retrieval

Picture: Midjourney [cc-by 4.0]
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Semantic Search & Retrieval
Things and not Strings

45

● Knowledge Graph 
as central element 
of search & 
retrieval 

● KG guides Index 
Creation and 
Usage, Ranking 
and User 
Interaction

● Enables Semantic 
and Exploratory 
Search

H. Sack:  The Journey is the Reward - Towards New Paradigms in Web Search, (BIS 2015)
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Documents
(Literals)

Knowledge Graph
(Instances)

Ontology
(Classes & Relations)

Semantic Search & Retrieval
Things and not Strings

Semantic Search is about

● going beyond documents and 
queries as bag of words,

● having a deeper 
understanding of document 
contents by leveraging world 
knowledge as structured 
data,

● going beyond 10 blue links 
and providing users with 
direct answers to their 
(natural language) questions.

J. Waitelonis, C. Exeler and H. Sack: Linked Data Enabled Generalized Vector Space Model To Improve Document Retrieval, (NLP&DBpedia 2015)
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Question Answering

Picture: Midjourney [cc-by 4.0]
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Question Answering over Knowledge Graphs
Factoid Questions

48

What was the nationality of Abraham Ortelius?

Entity linking

Abraham Ortelius (1527 - 1598)

Which Popes were in office during the lifetime of Abraham Ortelius?
Which Frisian colleague of Ortelius is considered one of the co-founders of cartography?
Which colleague of Ortelius died of kidney stones?
Which places in Antarctica or the Moon are named after pioneers in cartography?
...

SELECT ?uri WHERE 
{
 dbr:Abraham_Ortelius dbo:nationality ?uri.
}

[10]
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Exploration & 
Recommendation
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Exploration & Recommendation 
Find what you actually didn’t look for in the first place - Serendipitous Discoveries

50

Exploratory Search:

● Search in 
unknown terrain

● unclear search 
target

● complex 
information needs

● "Rummaging 
around" instead of 
targeted search

J. Waitelonis, H. Sack:  Towards exploratory video search using linked data, Multimedia Tools and Applications, 59-2 (2012)
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Explainable AI

Picture: Midjourney [cc-by 4.0]
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Explainable AI 
Why did my Experiment/Simulation/Prediction return this result?

52

https://www.materialdigital.de/ 

● Justification of 
experimental Results

● Checking for Plausibility 
of experimental Results

● Checking for Flaws in 
your experimental Setup

● Checking for Flaws in 
the Representation of 
your Experiment

● Explain your Predictions

Thomas, A., et al. Materials fatigue prediction using graph neural networks on microstructure representations. Sci Rep 13, 12562, 2023.

https://www.materialdigital.de/
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5. Hybrid Artificial Intelligence

53
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“Features” (used for prediction)Emergence of … “How” (from examples)

Learning Algorithms
(as e.g. logistic regression)

Model Architectures
(as e.g. CNNs)

(advanced) “functionalities”

Models
(as e.g. 

GPT-4/LLaMA/Mistral)

Homogenization of …

60+ Years of Machine Learning
The Road to Large Language Models

Bommasani, Rishi, et al., On the opportunities and risks of foundation models. arXiv preprint arXiv:2108.07258, 2021.
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The Advent of Foundation Models

Bommasani, Rishi, et al., On the opportunities and risks of foundation models. arXiv preprint arXiv:2108.07258, 2021.
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The Evolution of Large Language Models
From Basic to Bold in a few Years…

https://www.ml6.eu/resources/large-language-models
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From Basic to Bold…

Picture: Midjourney [cc-by 4.0]
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From Basic to Bold in a few Years!
Example Linked Stage Graph

Example: Linked Stage Graph Image Annotation

● Knowledge Graph of Archival Documents and Photographies from Stuttgart State theatres 1890 - 1940

● Web page: https://slod.fiz-karlsruhe.de/ 

T. Tietz et al., Linked Stage Graph, in Proc. of the 15th Int. Conf. on Semantic Systems, 2019.
T. Tietz et al., A Data Model for Linked Stage Graph and the Historical Performing Arts Domain, In Proc. of the Int. Workshop on Semantic Web and Ontology Design for Cultural Heritage (SWODCH), 2023.

https://slod.fiz-karlsruhe.de/
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From Basic to Bold in a few Years!
Example Linked Stage Graph

PROBLEM: 

● No content-related Metadata 

or image descriptions  available

SOLUTION:

● Visual Analysis:

○ Object Identification

○ Image Captioning

From Basic to Bold in a few Years!
Example Linked Stage Graph
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Huang, G. et al, Densely Connected Convolutional Networks. arXiv 
2018, arXiv:1608.06993.

Visual Analysis:

● Object Identification via

denseNet-101 (2018)
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From Basic to Bold in a few Years!
Example Linked Stage Graph

Visual Analysis

● Image Captioning via prompt 

generation at Midjourney

From Basic to Bold in a few Years!
Example Linked Stage Graph

Midjourney. 2022. Midjourney.com. https://www.midjourney.com 

https://chat.openai.com/chat
https://www.midjourney.com
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From Basic to Bold in a few Years!
Example Linked Stage Graph

Visual Analysis

● Image Captioning via prompt 

generation at Midjourney

From Basic to Bold in a few Years!
Example Linked Stage Graph

Midjourney. 2022. Midjourney.com. https://www.midjourney.com 

https://chat.openai.com/chat
https://www.midjourney.com
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The Ghost in the Machine…

Picture: Midjourney [cc-by 4.0]



Prof. Dr. Harald Sack, Wissensgraphen: Daten - Informationen - Wissen, Studium Generale der Philipps-Universität Marburg, 24.01.202464

The Ghost in the Machine
Large Language Models and the Art of Creative Hallucination

https://galactica.org/paper/ Taylor, R., et al., Galactica: A large language model for science, arXiv preprint arXiv:2211.09085, 2022.

https://galactica.org/paper/
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The Advent of Foundation Models

https://twitter.com/ylecun/status/1592619400024428544 

https://twitter.com/ylecun/status/1592619400024428544
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https://cs.nyu.edu/~davise/papers/ExperimentWithGalactica.html
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https://en.wikipedia.org/wiki/Hanlon%27s_razor
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Hybrid AI

Picture: Midjourney [cc-by 4.0]
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Symbolic Knowledge Representation to the Rescue

Symbolic AI

● Knowledge 
Representation

● Reasoning

● Verification

Subsymbolic AI

● Neural Networks, Deep Learning & 
Foundation Models

https://cs.nyu.edu/~davise/papers/ExperimentWithGalactica.html 

Hybrid AI
Models

https://cs.nyu.edu/~davise/papers/ExperimentWithGalactica.html
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Hybrid AI - Combining Symbolic and Subsymbolic AI
Knowledge Graph Embeddings

● Knowledge Graph Completion

● KGE for Classification Tasks

● Ontology Mapping

● Entity/Knowledge Graph Alignment

https://peerj.com/articles/cs-341/ 

R. Biswas et al.: MADLINK: Attentive Multihop and Entity Descriptions for Link Prediction in Knowledge Graphs, Semantic Web Journal, 202
G. A. Gesese et al.: RAILD: Towards Leveraging Relation Features for Inductive Link Prediction, IJKGC 2022
G. A. Gesese et al. A Survey on Knowledge Graph Embeddings with Literals: Which model links better Literal-ly?, Semantic Web Journal, 12(4), 2020
R. Biswas et al.: It's All in the Name: Entity Typing Using Multilingual Language Models, ESWC 2022 

https://peerj.com/articles/cs-341/
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Hybrid AI - Combining Symbolic and Subsymbolic AI
Explainability and Fact Checking



Prof. Dr. Harald Sack, Wissensgraphen: Daten - Informationen - Wissen, Studium Generale der Philipps-Universität Marburg, 24.01.202472 72

Example: Iconclass 
Search & Recommendation

Picture: Midjourney [cc-by 4.0]
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Iconclass - Iconographic Classification System

https://iconclass.org/

https://chat.openai.com/chat
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Traditional Iconclass Search
Syntactic Text-based Search

https://chat.openai.com/chat
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Iconclass Image Search and Classification
Iconclass Multi-Label Multi-Class Classification
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Iconclass Image Search and Classification
Similarity-based Image Search

https://chat.openai.com/chat
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Take Home Messages
● To understand data we need context

● Graphs are an intuitive vehicle for knowledge representation

● Ontologies formalize knowledge representation to become 
machine understandable

● Modern information systems (often) rely on knowledge graphs

● Knowledge Graphs and Deep Learning alone will not lead to 
robust and reliable AI

● Hybrid AI is a promising solution for more robust and reliable AI

Wissensgraphen: Daten - Informationen - Wissen
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Thank you very much for your attention!

email: harald.sack@fiz-karlsruhe.de
Fediverse: @lysander07@sigmoid.social

Picture: https://www.instagram.com/p/C2Ct7L8OinF/
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