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KNOWLEDGE GRAPH

There is no single definition (they are even conflicting sometimes),

but to start with something...

Knowledge graph is a graph of data intended to accumulate 

and convey knowledge of the real world, whose nodes 
represent entities of interest and whose edges represent 
potentially different relations between these entities

Definition by: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.

https://doi.org/10.1145/3447772




KNOWLEDGE GRAPH



WHY?

1. An intuitive way to represent knowledge

2. Flexible way to conceptualise, represent, 
and integrate diverse and incomplete data

3. Flexible integration of different knowledge, 
and concepts into one single unified graph

4. Facilitate transfer learning and 

explainability (different domains may have 
similar data structure)

5. Controlled outputs from ML models with 
high consistency (e.g., no hallucinations, as 

in LLMs)

6. ...



MODELS How do knowledge graphs 

look like?



DIRECTED EDGE-LABELLED GRAPHS

o Base for RDF

o Nodes (entities) and edges (binary relations)

o To extend the knowledge graph:

add new edges (and nodes)

o Incomplete knowledge:

simply omit a particular edge

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.

https://doi.org/10.1145/3447772


HETEROGENEOUS GRAPHS

o A.k.a. heterogeneous information networks

o Nodes and edges have types (as a part of the 

model itself; typically exactly one type)

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.

https://doi.org/10.1145/3447772


PROPERTY GRAPHS

o Labels and property-value pairs can be 

associated with nodes and edges

o Not yet standardised

(available in popular graph databases

but particular implementations may differ)

o More intuitive representation, but requires more 

intricate query languages, formal semantics and 

inductive techniques

Source: A. Hogan et al. (2022), Knowledge Graphs, ACM Computing Surveys, 54(4), pp. 1-37.

https://doi.org/10.1145/3447772


OTHER MODELS

o Models with hypernodes with nested graphs in nodes

o Hypergraphs allow edges that connect sets rather than pairs of nodes

o And many others, but data can be typically converted from one model 
to another



RDF MODEL Simple graph in cultural heritage 

domain



LET'S START WITH SOME DOCUMENTS …



… AND THEIR METADATA

Title: Der Radetzky-Marsch

Author: Johann Strauss

Year: 1848

Place: Wien

Title: An der schönen blauen Donau

Author: Johann Strauss

Year: 1867

Place: Wien



STEP 1: SIMPLE SENTENCES

The 1st document has title "Der Radetzky-

Marsch".

Its author is Johann Strauss.

It was composed in 1848 in Wien.

Title: Der Radetzky-Marsch

Author: Johann Strauss

Year: 1848

Place: Wien



STEP 1: SIMPLE SENTENCES

The 1st document has title "Der Radetzky-

Marsch".

Its author is Johann Strauss.

It was composed in 1848 in Wien.

The 2nd document has title "An der 

schönen blauen Donau".

Its author is Johann Strauss.

It was composed in 1867 in Wien.

Title: An der schönen blauen Donau

Author: Johann Strauss

Year: 1867

Place: Wien



STEP 2: DIVIDE INTO TRIPLES WITH EXACTLY ONE INFO
(SUBJECT, PREDICATE, OBJECT)

The 1st document has title "Der Radetzky-
Marsch".

Its author is Johann Strauss.

It was composed in 1848 in Wien.

The 2nd document has title "An der schönen 
blauen Donau".

Its author is Johann Strauss.

It was composed in 1867 in Wien.



STEP 2: DIVIDE INTO TRIPLES WITH EXACTLY ONE INFO
(SUBJECT, PREDICATE, OBJECT)

The 1st document has title "Der Radetzky-
Marsch".

Its author is Johann Strauss.

It was composed in 1848 in Wien.

The 2nd document has title "An der schönen 
blauen Donau".

Its author is Johann Strauss.

It was composed in 1867 in Wien.

(1st document) (has title) (Der Radetzky-Marsch).



STEP 2: DIVIDE INTO TRIPLES WITH EXACTLY ONE INFO
(SUBJECT, PREDICATE, OBJECT)

The 1st document has title "Der Radetzky-
Marsch".

Its author is Johann Strauss.

It was composed in 1848 in Wien.

The 2nd document has title "An der schönen 
blauen Donau".

Its author is Johann Strauss.

It was composed in 1867 in Wien.

(1st document) (has title) (Der Radetzky-Marsch).

(1st document) (has author) (Johann Strauss).

(1st document) (composed in) (1848).

(1st document) (composed in) (Wien).

(2nd document) (has title) (An der schönen blauen Donau).

(2nd document) (has author) (Johann Strauss).

(2nd document) (composed in) (1867).

(2nd document) (composed in) (Wien).



STEP 3: CREATE NODES AND EDGES

(1st document) (has title) (Der Radetzky-Marsch).

(1st document) (composed in) (1848).

(1st document) (composed in) (Wien).

(1st document) (has author) (Johann Strauss).

(2nd document) (has title) (An der schönen blauen Donau).

(2nd document) (composed in) (1867).

(2nd document) (composed in) (Wien).

(2nd document) (has author) (Johann Strauss).



STEP 3: CREATE NODES AND EDGES

(1st document) (has title) (Der Radetzky-Marsch).

(1st document) (composed in) (1848).

(1st document) (composed in) (Wien).

(1st document) (has author) (Johann Strauss).

(2nd document) (has title) (An der schönen blauen Donau).

(2nd document) (composed in) (1867).

(2nd document) (composed in) (Wien).

(2nd document) (has author) (Johann Strauss).



STEP 3: CREATE NODES AND EDGES

(1st document) (has title) (Der Radetzky-Marsch).

(1st document) (composed in) (1848).

(1st document) (composed in) (Wien).

(1st document) (has author) (Johann Strauss).

(2nd document) (has title) (An der schönen blauen Donau).

(2nd document) (composed in) (1867).

(2nd document) (composed in) (Wien).

(2nd document) (has author) (Johann Strauss).



STEP 4: IDENTIFY THINGS AND LITERALS
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STEP 4: IDENTIFY THINGS AND LITERALS



STEP 5: UNIQUE IDENTIFIERS

1st document = 1st document?

2nd document = 2nd document?

Wien = Wien?

Johann Strauss = Johann Strauss?



STEP 5: UNIQUE IDENTIFIERS

o mailto:John.Doe@example.com

o tel:+1-816-555-1212

o doi:10.1016/j.eswa.2023.119968

o urn:isbn:0451450523

o urn:ISSN:0167-6423

o urn:uuid:6e8bc430-9c3a-11d9-9669-0800200c9a66

Image from Resolving Uniform Resource Identifiers (URIs).

https://enterprise-knowledge.com/resolving-uniform-resource-identifiers-uris/


STEP 5A: UNIQUE IDENTIFIERS FOR THINGS

1st document = doi:strauss/march1

2nd document = doi:strauss/waltz1

Wien = https://www.geonames.org/2761369/

Johann Strauss = https://d-nb.info/gnd/118619098

Johann Strauss = https://d-nb.info/gnd/11861908X



STEP 5A: UNIQUE IDENTIFIERS FOR THINGS

1st document = doi:strauss/march1

2nd document = doi:strauss/waltz1

Wien = https://www.geonames.org/2761369/

Johann Strauss = https://d-nb.info/gnd/118619098

Johann Strauss = https://d-nb.info/gnd/11861908X



STEP 5B: UNIQUE IDENTIFIERS FOR PREDICATES

composed in =

https://uj.edu.pl/dict/composed_year

composed in =

https://uj.edu.pl/dict/composed_place

has title = https://uj.edu.pl/dict/has_title

has author = https://uj.edu.pl/dict/has_author



STEP 5B: UNIQUE IDENTIFIERS FOR PREDICATES

composed in =

https://uj.edu.pl/dict/composed_year

composed in =

https://uj.edu.pl/dict/composed_place

has title = https://uj.edu.pl/dict/has_title

has author = https://uj.edu.pl/dict/has_author



FINAL STEP: MERGE THE SAME NODES INTO ONE



FINAL STEP: MERGE THE SAME NODES INTO ONE



PATTERN MATCHING Patterns, patterns everywhere...



QUERY
IS A 

PATTERN



QUERY
IS A 

PATTERN



QUERY
IS A 

PATTERN



SPARQL
QUERY
LANGUAGE

Image by Michael K. Bergman

https://www.mkbergman.com/2358/cwpk-25-querying-kbpedia-with-sparql/


Returns an RDF graph specified by a set 

of triple templates 

QUERY FORMS

2. CONSTRUCT 3. ASK

Returns a boolean indicating whether a 

query pattern matches or not 

Returns an RDF graph that describes the 

resources found 

4. DESCRIBE

Addition and removal of triples.

Graph management

5. UPDATE

1. SELECT

Returns all, or a subset of, the variables 

bound in a query pattern match



VOCABULARIES AND ONTOLOGIES How to structure the knowledge?



Slide from Knowledge Graphs by prof. Harald Sack (openHPI, 2023).

https://open.hpi.de/courses/knowledgegraphs2023


VOCABULARIES: SHARED MEANING OF WORDS (URIS)

o https://uj.edu.pl/dict/has_title

o https://uj.edu.pl/dict/Manuscript

vs

o https://schema.org/name

o https://schema.org/Manuscript

A vocabulary: a data model comprising classes, properties

and relationships (URIs) which can be used for describing

your data and metadata.
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ONTOLOGY 101 We want our own ontology!
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THE GOOD,
THE BAD,
THE UGLY
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Table from A Developer’s Guide to the Semantic Web (2014) by Liyang Yu.

https://doi.org/10.1007/978-3-662-43796-4


LINKED OPEN DATA You can combine knowledge 

from many data sources!



ARE JOHANN STRAUSS (118619098)
AND JOHANN STRAUSS (11861908X) RELATED?
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ARE JOHANN STRAUSS (118619098)
AND JOHANN STRAUSS (11861908X) RELATED?
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ONCE UPON A TIME, THERE WAS A GRAPH...



...STORED ON MANY SERVERS



KNOWLEDGE GRAPHS RECAP

o Formal knowledge representation

o Flexible metadata structure

o Pattern matching-based query engines

o Rich modeling capabilities with 

ontologies

o Linked Open Data network connecting 

various sources of knowledge into one 

big knowledge graph



STAY TUNED!

Knowledge Graphs 201:

o Real-life knowledge graphs

o Property graphs 101

o Graphs for ML (embeddings!)

o Semantic search

o Exploration over knowledge graphs

o GraphRAG



THANK YOU FOR 
YOUR ATTENTION!

GEIST Research Group: https://geist.re/

Krzysztof Kutt: https://krzysztof.kutt.pl/

This work is licensed under a Creative Commons 

Attribution-ShareAlike 4.0 International License.

https://geist.re/
https://krzysztof.kutt.pl/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
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