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Instead of its initial focus on agents ǘƘŜ ά{ŜƳŀƴǘƛŎ ²ŜōέΧ

Χ Ƙŀǎ ǘƘŜƴ Ƴƻǎǘƭȅ ōŜŎƻƳŜ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ Ϧ²Ŝō ƻŦ 5ŀǘŀϦΧ

Χ ŀƴŘ ƛǘǎ ƳƻǊŜ ǊŜŎŜƴǘ ŦƻŎǳǎ ƻƴ hǇŜƴ YƴƻǿƭŜŘƎŜ DǊŀǇƘǎΧ

"If HTML and the Web made all the online documents look like one huge book, RDF,

schema and inference languages will make all the data in the world look like one huge

database" 

     Tim Berners-Lee, Weaving the Web, 1999

" huge knowledge bases, also known as knowledge graphs, have been automatically 

constructed from web data, and have become a key asset for search engines and other use 

cases.

Gerhard Weikum, Knowledge Graphs 2021: A Data Odyssey, VDLB 2021

άώΧϐ ¢ƘŜ agent promptly
retrieved information about Mom's prescribed treatment from the doctor's agent, 
looked up several lists of providers,
and checked for the ones in-plan for Mom's insurance within a 20-mile radius of her 
ƘƻƳŜ ŀƴŘ ǿƛǘƘ ŀ ǊŀǘƛƴƎ ƻŦ ŜȄŎŜƭƭŜƴǘ ƻǊ ǾŜǊȅ ƎƻƻŘ ƻƴ ǘǊǳǎǘŜŘ ǊŀǘƛƴƎ ǎŜǊǾƛŎŜǎώΧϐέ

Å Appointment detection in emails
Å Semantic Search
Å Ratings of products/services 



Phase 1: RDF ς [ƛƴƪŜŘ άaŜǘŀŘŀǘŀέ

Åά¢ȅǇŜŘ ƭƛƴƪǎέ ŘŜǎŎǊƛōƛƴƎ wŜǎǎƻǳǊŎŜǎ όǎǳŎƘ ŀǎ ²Ŝō ǇŀƎŜǎύ 

<a ǊŜŦҐάǊǳǇŜǊέҔour rector</a>



Phase 1: RDF (Ressource Description framework) ς [ƛƴƪŜŘ άaŜǘŀŘŀǘŀέ

ÅTȅǇŜŘ ƭƛƴƪǎ άǘǊƛǇƭŜǎέ ŘŜǎŎǊƛōƛƴƎ wŜǎǎƻǳǊŎŜǎ όǎǳŎƘ ŀǎ ²Ŝō ǇŀƎŜǎύ 

<http://www.wu.ac.at#wuwien> <http://www.wu.ac.at#hasRector> <http://www.wu.ac.at/Rupert_Sausgruber>



Semantic Web: Standard formats,
Reasoning & Logics
Å(2000s - ca. 2009)

Semantic Web Activity

Olivier Boissier, Marco Colombetti, Michael Luck, John-Jules Meyer, and Axel Polleres. Norms, 
organizations, and semantics. The Knowledge Engineering Review, 28(1):107--116, March 2013.
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Description Logics or 
Rules?

²ƻǊƪ ƻƴ ά¦ƴƛŦƛŜŘ 
[ƻƎƛŎǎέ

(Contextualized 
Reasoning?)

Good news! Standards meant a Boost in KR/AI research:
 We know very well which ontological reasoning 
approaches are decidable and how they scale 

Ą RDF, OWL, SPARQL Ontology-based Data Access but also: 
constraint checking (SHACL)



Ch!C άhƴǘƻƭƻƎȅέ

Phase 2: RDF, RDF Schema, OWL
[ƛƴƪŜŘ άaŜǘŀŘŀǘŀέ ǿƛǘƘ wǳƭŜǎ ŀƴŘ hƴǘƻƭƻƎƛŜǎΦ

employs

RDFS:subpropertyOf

OWL:inverseOffoaf:workplace

RDFS:domain
foaf:Organization

foaf:Person

workplace

type
type

foaf:Person foaf:Organization

SELECT ?P 
{ ?P a foaf:Person .
 ?P foaf:workPlace wu:WUWien. }

RDFS:range



Phase 2: RDF, RDF Schema, OWL, 
[ƛƴƪŜŘ άaŜǘŀŘŀǘŀέ ǿƛǘƘ wǳƭŜǎ ŀƴŘ hƴǘƻƭƻƎƛŜǎΦ

workplace

type
type

foaf:Person foaf:Organization

SELECT ?P 
{ ?P a foaf:Person .
 ?P foaf:workPlace wu:WUWien. }

"If HTML and the Web made all the online documents look like one huge book, RDF,

schema and inference languages will make all the data in the world look like one huge

database" 

     Tim Berners-Lee, Weaving the Web, 1999

SPARQL



tƘŀǎŜ н άƛƴǘŜǊƭǳŘŜέ

ÅSemantic Web Services: We cannot only describe Websites 
and Metadata, but also Services and APIs! (~2002-2007)

ÅMain Idea: 

ÅDescribing Services & Agents in a declarative manner 

ÅǳǎƛƴƎ ƻƴǘƻƭƻƎƛŜǎΧ

ÅΧ ǎƘƻǳƭŘ ŜƴŀōƭŜ automated composition, execution

Mark H. Burstein, Jerry R. Hobbs,Ora Lassila, David L. Martin, Drew V. McDermott, Sheila A. 
McIlraith, Srini Narayanan, Massimo Paolucci, Terry R. Payne , Katia P. Sycara:
DAML-S: Web Service Description for the Semantic Web. ISWC2002: 348-363

Dumitru Roman,Uwe Keller,Holger Lausen,Jos de Bruijn,Rubén Lara,Michael 
Stollberg,Axel Polleres,Cristina Feier,Christoph Bussler,Dieter Fensel:
Web Service Modeling Ontology.Appl. Ontology1(1):77-106(2005)

On hindsight: automated 
composition by purely 
ǎȅƳōƻƭƛŎ ƛƴŦŜǊŜƴŎŜ Χ ǿŀǎ 
maybe maybe ahead of its 

ǘƛƳŜΧ 



Linked Data Principles

Å LDP1: use URIs as names for things

Å LDP2: use HTTP URIs so those names can be dereferenced

Å LDP3: return useful ς RDF? ς information upon dereferencing those URIs

Å LDP4: include links using externally dereferenceable URIs.

https://www.w3.org/DesignIssues/LinkedData.html (originally published 2006-07-27) 
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Focus on Data: Linked Data

Å(ca. 2006/7 ς ca. 2013)
ÅMain question: How can I publish άYƴƻǿƭŜŘƎŜ ƻƴ ǘƘŜ ²Ŝōέ Χ

https://www.cs.rpi.edu/~hendler/LittleSemanticsWeb.html 

ά! [ƛǘǘƭŜ {ŜƳŀƴǘƛŎǎ DƻŜǎ ŀ [ƻƴƎ ²ŀȅέ όWƛƳ Hendler)

https://www.w3.org/DesignIssues/LinkedData.html
https://www.cs.rpi.edu/~hendler/LittleSemanticsWeb.html


Phase3: From Semantic Web to Linked (Open) Data

Å(ca. 2006/7 ς 2012)
ÅMain question: How can I publish άYƴƻǿƭŜŘƎŜ ƻƴ ǘƘŜ ²Ŝōέ Χ
ÅLinked Open DataΧ growth slowed down a bit

ÅA lot of active developments to publish and link RDF Data

Åŀƭǎƻ ƛƴ 9ƴǘŜǊǇǊƛǎŜǎ όά9ƴǘŜǊǇǊƛǎŜ [ƛƴƪŜŘ 5ŀǘŀέύ

http://lod -cloud.net/ 

Axel Polleres, MaulikR. Kamdar, JavierD. Fernández, Tania Tudorache, and MarkA. Musen. A more decentralized vision for 
linked data. In Decentralizing the Semantic Web (Workshop of ISWC2018).

http://lod-cloud.net/
http://lod-cloud.net/
http://lod-cloud.net/
http://epub.wu.ac.at/6371/
http://epub.wu.ac.at/6371/


Phase3: From Semantic Web to Linked (Open) Data

Å(ca. 2006/7 ς 2013)
ÅMain question: How can I publish άYƴƻǿƭŜŘƎŜ ƻƴ ǘƘŜ ²Ŝōέ Χ

ÅSide question(s): 
 Can deductive symbolic inference and queries scale to a 

 decentralized 
 Web?



2013: Google adopts Semantic Web ideas under a new name

ÅJamie Taylor, Google, Inc., Keynote ISWC2017

From Linked Open Data to Knowledge Graphs:

Music Albums & Music Groups

Planets& Spacecraft

Roller Coasters& Skyscrapers

Sports Teams [...]

Actors, Directors, Movies

Art Works & Museums

Cities & Countries

Islands, Lakes, Lighthouses

https://iswc2017.semanticweb.org/program/keynotes/keynote-taylor/


Success stories of mainly monolithic (but huge) Knowledge Graphs rather than a network of Linked small KGs:

https://www.dbpedia.org 2021

https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019  

From Linked Open Data to Knowledge Graphs:

Page 15

https://www.dbpedia.org/
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019


LǘΩǎ ƴƻǘ ƻƴƭȅ {ŜŀǊŎƘ ς hǾƛƻǳǎƭȅΧ ¦ǎŜǊ 
wŜŎƻƳƳŜƴŘŀǘƛƻƴΣ [ŀƴƎǳŀƎŜ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ Χ
{ƛŎŜ ǘƘŜƴΣ ƛƴŘǳǎǘǊȅ Ƙŀǎ ōŜŎƻƳŜ ŀ Ƴŀƛƴ ŘǊƛǾŜǊ ƛƴ ǎŎŀƭƛƴƎ ŀƴŘ ǳǎƛƴƎ YD ¢ŜŎƘƴƻƭƻƎƛŜǎΧ



Collaborative, Open Knowledge Graphs:



Collaborative, Open Knowledge Graphs:



ÅJamie Taylor, Google, Inc., Keynote ISWC2017

From Linked Open Data to Knowledge Graphs:
²ƘŀǘΩǎ ǘƘŜ ǎǘŀǘŜ ƻŦ ŀŦŦŀƛǊǎΚ

Music Albums & Music Groups

Planets& Spacecraft

Roller Coasters& Skyscrapers

Sports Teams [...]

Actors, Directors, Movies

Art Works & Museums

Cities & Countries

Islands, Lakes, Lighthouses

Answer whether (something like 
RDF and/or triple stores are used 

under the hood answered 
ǾŀƎǳŜƭȅΧ

Large-scale, still data-focused(rather than schema-focused)

Oftenmonolithic, rather than linked/decentralised

Knowledge extractionrather than Knowledge engineering

Collaborative large-scaleKGs:

Collectivelycreated(automatedor curated)

Notoriouslyincomplete

(Logical) consistencynot a must

Enterprise KGs: knowledgenecessaryto power applications

Ontologicalexpressivitynot centralςBUT: Expresssing context is!
For instance:

Å Provenance
Å Temporal context
Å Confidence

https://iswc2017.semanticweb.org/program/keynotes/keynote-taylor/


ÅDBPedia (since 2007)   vs.   Wikidata (since 2012)

LeǘΩǎ ƘŀǾŜ ŀ ƭƻƻƪ ŀǘ ǇǊŀŎǘƛŎŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ǎǳŎƘ 
collaboratively curated Knowledge Graphs:

ÅRDF
ÅStandard ontology language (OWL)
ÅSPARQL endpoint
ÅConsistent
ÅContext



SPARQL: Using KGs to answer questions:

ÅE.g. from

ÅOneof the centraldatasetsof the LinkedOpen Data-Cloud

ÅRDF extractedfrom Wikipedia-Infoboxes

ÅYoucanusea languagecalledSPARQL endpoint(roughly: SQL for RDF) to do 
structuredqueriesoverRDF: 

Åα/ƛǘƛŜǎ ƛƴ the UK with more than 1M populationάΥ

https://en.wikipedia.org/wiki/London http://dbpedia.org/resource/London

Automatic 
Exctractors

PREFIX : <http:// dbpedia.org /resource/>

PREFIX dbo : <http://dbpedia.org/ontology/>

PREFIX yago : <http:// dbpedia.org /class/ yago />

SELECT DISTINCT ?city ?pop WHERE { 

   ?city a schema:City  . 

   ?city dbo:country  : United_Kingdom .

   ?city dbo:populationTotal  ?pop 

   FILTER ( ?pop > 1000000 )

} 

Structured queries (SPARQL):

https://api.triplydb.com/s/gZZskqRpQ  

Page 21

https://en.wikipedia.org/wiki/London
http://dbpedia.org/resource/London
https://api.triplydb.com/s/gZZskqRpQ


Knowledge Graphs like Dbpedia are not logically consistent! L  [1]

ÅE.g. 

1. Stefan Bischof, Markus Krötzsch, Axel Polleres, and Sebastian Rudolph. Schema-agnostic query rewriting in SPARQL 1.1. In 
Proceedings of the 13th International Semantic Web Conference (ISWC 2014), Lecture Notes in Computer Science (LNCS). 
Springer, October 2014. [.pdf ]

Dbpedia Ontology:

dbo:Agent owl:disjointWith dbo:Place. 

dbo:Country rdfs:subClassOf dbo:Place. 

dbo:Organisation rdfs:subClassOf dbo:Agent.

Page 22

http://www.polleres.net/publications/bisc-etal-2014iswc.pdf


²ƛƪƛŘŀǘŀ ƛǎ ŀƭǎƻ ƴƻǘ άŎƻƴǎƛǎǘŜƴǘέΣ ōǳǘ ŘƻŜǎƴΩǘ ǳǎŜ h²[



Åά{ƛƳǇƭŜέ ǎǳǊŦŀŎŜ query:

 Which cities in the UK have more than 1M people?

Å²ƘŀǘΩǎ ǘƘƛǎΚ

SELECT DISTINCT  ?city WHERE { 

 ?city wdt:P31/wdt:P279* wd:Q515.

 ?city wdt:P1082 ?population .

 ?city wdt:P17 wd:Q38 .

 FILTER  ( ?population > 1000000) }

The same question as before in Wikidata:

PAGE 24

Note: Wikidata 
does not even use 
standard OWL

Note: Wikidata 
uses numeric IDs

https://query.wikidata.org/#SELECT DISTINCT %3Fcity WHERE { %0A%09%3Fcity wdt%3AP31%2Fwdt%3AP279* wd%3AQ515.%0A %09%3Fcity wdt%3AP1082 %3Fpopulation .%0A %09%3Fcity wdt%3AP17 wd%3AQ145 .%0A %09FILTER (%3Fpopulation > 1000000) }%0A


https://w.wiki/BqRX 

 Which cities in the Austria have more than 1M/2M people?

So, WHEN did Vienna have 2M inhabitants?

The same question as before in Wikidata:

PAGE 25

Note: Wikidata 
also has such 
contextual 
information!!!!

https://w.wiki/BqRX


https://w.wiki/BqRj  

 Which cities in the Austria have more than 1M/2M people?

So, WHEN did Vienna have 2M inhabitants? Works!!!!

But needs an understanding of ²ƛƪƛŘŀǘŀΩǎ proprietary RDF reification model to model context!

The same question as before in Wikidata:

PAGE 26
See our recent ISWC2024 tutorial: https://ww101.ai.wu.ac.at/  

https://w.wiki/BqRj
https://ww101.ai.wu.ac.at/


ÅAka Labelled property graphs

Phase 4: Knowledge Graphs: 
        άDǊŀǇƘ Řŀǘŀ ǿƛǘƘ aŜǘŀŘŀǘŀέάό[Ŝǎǎ [ƛƴƪŜŘύ

{startTime: 1987}

{startTime: 2005,
reference: https://cadenaser.com/ser/2005/09/26/deportes/1127690892_850215.html}

https://cadenaser.com/ser/2005/09/26/deportes/1127690892_850215.html
https://cadenaser.com/ser/2005/09/26/deportes/1127690892_850215.html
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So, what are these KGs actually good 
for in the age of LLMs and AI? 

i.e.,Large-scale, partially 

incomplete, inconsistent, labelled 

property graphs

(rather than curated ontologies)



So, for what are these KGs actually good for in 
the age of LLMs and AI? 
ÅInteresting Note  - IBM Watson  - Jeopardy! (2011) 

      ά{ǳǇŜǊ-ƘǳƳŀƴέ vǳŜǎǘƛƻƴ !ƴǎǿŜǊƛƴƎ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ YƴƻǿƭŜŘƎŜ DǊŀǇƘǎ ōŜŦƻǊŜ ǘƘŜ [[a ƘȅǇŜΗ 

https://youtu.be/P0Obm0DBvwI?t=951 

https://youtu.be/P0Obm0DBvwI?t=951


ÅHow good or bad can KGs deal with Question answering?

ÅBy essentiall y translating Questions to SPARQL queries (Watson)?
ÅBy other beskpoke techniques such as Message passing:

Svitlana Vakulenko, Javier Fernández, Axel Polleres, Maarten deRijke, and Michael Cochez. Message 
passing for complex question answering over knowledge graphs. In Proceedings of the 28th ACM 
International Conference on Information and Knowledge Management (CIKM2019, pages 1431--
1440, Beijing, China, November 2019. ACM. 

 

Some of our own research in this area:



ÅHow good or bad can KG swith Question can answering?

ÅSvitlana Vakulenko, Javier Fernández, Axel Polleres, Maarten deRijke, and Michael Cochez. Message passing 
for complex question answering over knowledge graphs. In Proceedings of the 28th ACM International 
Conference on Information and Knowledge Management (CIKM2019, pages 1431--1440, Beijing, China, 
November 2019. ACM. 

 

Some of our own research in this area:
Idea: use unsupervised message 
passing to propagate confidence 
scores obtained by parsing an 
input question and matching 
terms in the knowledge graph to 
a set of possible answers.

9ȄǇƭŀƴōƛƭƛǘȅ άŦƻǊ ŦǊŜŜέ



ÅHow good or bad can KGs deal with Question answering?

ÅBy essentiall y translating Questions to SPARQL queries (Watson)?
ÅBy other beskpoke techniques such as Message passing:

Svitlana Vakulenko, Javier Fernández, Axel Polleres, Maarten deRijke, and Michael Cochez. Message 
passing for complex question answering over knowledge graphs. In Proceedings of the 28th ACM 
International Conference on Information and Knowledge Management (CIKM2019, pages 1431--
1440, Beijing, China, November 2019. ACM. 

ÅHow good or bad are LLMs with Question answering compared with KGs?
GerhardGeorg Klager and Axel Polleres. Is GPT fit for KGQA? -- preliminary results. In Proceedings of the 
International Workshop on Knowledge Graph Generation from Text (Text2KG2023), co-located with 
Extended Semantic Web Conference 2023 (ESWC 2023), May 2023.

 

Some of our own research in this area:

Admittedly things have improved 
dramatically, since then!



For instance:

ÅExplainable answers, fact-checking against hallucinating

ÅPotentially less resource consumption!

ÅYD/но YŜȅƴƻǘŜΥ ά¢ƘŜ CǳǘǳǊŜ ƻŦ YƴƻǿƭŜŘƎŜ DǊŀǇƘǎ ƛƴ ŀ ²ƻǊƭŘ ƻŦ 
LLMs τ Denny ±ǊŀƴŘŜőƛŏΣ ²ƛƪƛƳŜŘƛŀέ

     https://www.youtube.com/watch?v=ww99npDh4cg 

So, for what are these KGs actually good for in 
the age of LLMs and AI? 

https://www.youtube.com/watch?v=ww99npDh4cg


²ƘŀǘΩǎ ƎƻƻŘ ŦƻǊ ǿƘŀǘΚ  
LLMs, Search Engines, KGs



So, let us better combine KGs and LLMs!


