


Semantic Web, Linked Data, 
Open Data, Knowledge Graphs 
… travel report from a personal 

journey

Disclaimer: just like any trip report, this talk might be opinionated and influenced by personal experiences





https://1n.pm/A5psO


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










From Semantic Web to Linked Data

• (ca. 2006/7 – ca. 2013)
• Main (distracting?) question: what is the “right” knowledge representation 

and logic to express “Knowledge on the Web”?
• Main question: How can I publish “Knowledge on the Web” in order to 

enable answering structured queries?

What about the data???
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Linked Data Principles

• LDP1: use URIs as names for things

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

• LDP3: return useful – RDF? – information upon dereferencing those URIs

• LDP4: include links using externally dereferenceable URIs.

https://www.w3.org/DesignIssues/LinkedData.html (originally published 2006-07-27)
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From Semantic Web to Linked Data

• (ca. 2006/7 – ca. 2013)
• Main question: How can I publish “Knowledge on the Web” …

http://linkeddatabook.com/editions/1.0/

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

“A Little Semantics Goes a Long Way” (Jim Hendler)

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


https://www.w3.org/community/webize/2014/01/17/what-is-5-star-linked-data/


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


http://dbpedia.org/resource/London
http://yasgui.org/short/UVOyhX8ft














From Linked Data to Open Data

• However… • Available data is only partially structured and not linked [1]:

16%
10%

12%
27%

CSV Excel PDF Missing Format

CSV (3-star)

Excel (2-star)

PDF (1-star)

82 data portals       160K datasets [1]

Unknown format (1-star)

[1] Umbrich, J., Neumaier, S., Polleres, A.: Quality assessment & evolution of open data portals. International Conference on Open and Big Data (2015)

Non-Linked Open Data is growing still much 
faster than Linked Open Data on the Web 
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• Needs some more explanation…

• Interlude: What is a Knowledge Graph? 

From (Linked) Open Data to Knowledge Graphs

What is (new) a(bout) Knowledge Graph(s)?
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What is a Knowledge Graph? More examples and Definitions:
Other companies with (closed) knowledge graphs:

• Facebook

• Bing

• Yandex‘ Object Answer

• Baidu

• LinkedIn

• Amazon

• NASA

Some free open knowledge graphs:

• DBpedia

• WikiData

Some DefiniIons:

• McCusker, Chastain, Erickson, and McGuinness. What is 
a Knowledge Graph? (unpublished, 2016).

• “principled” aggrega.on of Linked Data? p.7

• Rospocher, van Erp, Vossen, Fokkens, Aldabe, Rigau,

Soroa, Ploeger, Bogaard. Building event-centric 
knowledge graphs from news. JWS (2016)

• “knowledge-base of facts about en..es 
typically [Remark: o@en automa.cally] 
obtained from structured repositories [such 
as Freebase]”

• Lisa Ehrlinger and Wolfram Wöß Towards a 
Defini.on of Knowledge Graphs (SEMANTiCS2016) 
• ”A knowledge graph acquires and 

integrates informa.on into an ontology 
and applies a reasoner to derive new 
knowledge.”

28

https://www.facebook.com/notes/facebook-engineering/under-the-hood-the-entities-graph/10151490531588920/
https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
http://ir.baidu.com/mobile.view?c=188488&v=202&d=3&id=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTk0OTQ1NzAmRFNFUT0xJlNFUT00MyZTUURFU0M9U0VDVElPTl9QQUdFJmV4cD0mc3Vic2lkPTU3
https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph
http://lunadong.com/talks/PG.pdf
https://neo4j.com/blog/nasa-critical-data-knowledge-graph/
http://dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
https://drive.google.com/file/d/0B51wsWSO-cu0c0NNRUFNQXZEbjg/view
https://www.sciencedirect.com/science/article/pii/S1570826815001456
http://ceur-ws.org/Vol-1695/paper4.pdf


https://www.facebook.com/notes/facebook-engineering/under-the-hood-the-entities-graph/10151490531588920/
https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
http://ir.baidu.com/mobile.view?c=188488&v=202&d=3&id=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTk0OTQ1NzAmRFNFUT0xJlNFUT00MyZTUURFU0M9U0VDVElPTl9QQUdFJmV4cD0mc3Vic2lkPTU3
https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph
http://lunadong.com/talks/PG.pdf
https://neo4j.com/blog/nasa-critical-data-knowledge-graph/
http://dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
https://drive.google.com/file/d/0B51wsWSO-cu0c0NNRUFNQXZEbjg/view
https://www.sciencedirect.com/science/article/pii/S1570826815001456
http://ceur-ws.org/Vol-1695/paper4.pdf
http://polleres.net/publications/bona-etal-DagstuhlReport18371.pdf


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


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




http://yasgui.org/short/UVOyhX8ft


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




https://www.facebook.com/notes/facebook-engineering/under-the-hood-the-entities-graph/10151490531588920/
https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
http://ir.baidu.com/mobile.view?c=188488&v=202&d=3&id=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTk0OTQ1NzAmRFNFUT0xJlNFUT00MyZTUURFU0M9U0VDVElPTl9QQUdFJmV4cD0mc3Vic2lkPTU3
https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph
http://lunadong.com/talks/PG.pdf
https://neo4j.com/blog/nasa-critical-data-knowledge-graph/
http://dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
http://www.geonames.org/
https://drive.google.com/file/d/0B51wsWSO-cu0c0NNRUFNQXZEbjg/view
https://www.sciencedirect.com/science/article/pii/S1570826815001456


https://query.wikidata.org/


https://w.wiki/4rs








Example Open Data Table:
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federal state district year sex population

Upper Austria Linz 2013 male 98157

Upper Austria Steyr 2013 male 18763

Upper Austria Wels 2013 male 29730

… … … … …

• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:



Open Data CSVs look more like this
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Source: https://www.data.gv.at/katalog/dataset/e108dcc3-1304-4076-8619-f2185c37ef81

NUTS2 LAU2_NAME YEAR SEX P_TOTAL

AT31 Linz 2013 1 98157

AT31 Steyr 2013 1 18763

AT31 Wels 2013 1 29730

… … … …

• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:

https://www.data.gv.at/katalog/dataset/e108dcc3-1304-4076-8619-f2185c37ef81
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Wikidata links

Wikidata links

European Classification of
Territorial Units

Wikidata, 
GeoNames

Mapping OSM entities to
GeoNames regions

Extracting OSM streets
and places

• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:



Metadata descriptions
• Geo-entities in titles, descriptions, organizations

• „Origin“ country of the dataset (from portal)

• Temporal tagging

CSV cell value disambiguation
• Row context:

• Filter candidates by potential parents (if
available)

• Column context:
• Least common ancestor of the spatial entities

Dataset Labelling
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• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:



How well does it work? Indexed Datasets
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• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:



https://data.wu.ac.at/odgraphsearch/








Numeric Values in Open KGs?
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• Cities
• Population
• Area
• Country
• Location (Coordinates)
• Economic indicators
• …

• Organisations:
• Revenues
• Board members
• …

• Persons (e.g. celebrities, sports)
• Name
• Profession
• Height

• Landmarks (e.g. famous buildings)
• Country
• Location
• Height

• Events
• Dates
• Location

What’s in DBpedia?

• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:



Background Knowledge Graph
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• properties with numerical range
• Hierarchical clustering approach:

• Two hierarchical layers:
• Type hierarchy 

(using OWL classes)

• Property-object hierarchy 
(shared property-object pairs)

• Open Knowledge Graphs can be used to link Open Data!

From Knowledge Graphs (back) to Linked Open Data:





http://data.wu.ac.at/iswc2016_numlabels/submission/col14.html


• We can assign fine-grained semantic labels
• if there is enough evidence in Background Knowledge Graph

• However: Missing domain knowledge for labelling OD
Future work:

• Complementary to existing approaches (column header labeling, entity linking and relation extraction)
• Combined approaches may improve results

Lessons learned:
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• Open Knowledge Graphs can be used to link Open Data!
• Open KGs don’t/only partially cover Knowledge in Open Data!

From Knowledge Graphs (back) to Linked Open Data:









Time for a postcard…





• Axel Polleres, Cristina Feier, and Andreas Harth. Rules with contextually scoped negation. In Proceedings of the 3rd European Semantic Web Conference 
(ESWC2006), volume 4011 of Lecture Notes in Computer Science (LNCS), pages 332--347, Budva, Montenegro, June 2006. Springer.

• Aidan Hogan, Andreas Harth, and Axel Polleres. Scalable authoritative owl reasoning for the web. International Journal on Semantic Web and Information Systems 
(IJSWIS), 5(2):49--90, 2009.

• Birte Glimm, Adian Hogan, Markus Krötzsch, and Axel Polleres. OWL: Yet to arrive on the web of data? In WWW2012 Workshop on Linked Data on the Web 
(LDOW2012), Lyon, France, April 2012.

• Aidan Hogan, Andreas Harth, Jürgen Umbrich, Sheila Kinsella, Axel Polleres, and Stefan Decker. Searching and browsing linked data with SWSE: The semantic web 
search engine. Journal of Web Semantics (JWS), 9(4):365--401, 2011. 

• Sebastian Neumaier, Jürgen Umbrich, and Axel Polleres. Automated quality assessment of metadata across open data portals. ACM Journal of Data and Information 
Quality (JDIQ), 8(1):2, November 2016.

• Sebastian Neumaier, Jürgen Umbrich, and Axel Polleres. Lifting data portals to the web of data. In 10th Workshop on Linked Data on the Web (LDOW2017), Perth, 
Austrialia, April 2017. 

• Sebastian Neumaier and Axel Polleres. Enabling spatio-temporal search in open data. Journal of Web Semantics (JWS), 55, March 2019.

• Sebastian Neumaier, Jürgen Umbrich, Josiane Parreira, and Axel Polleres. Multi-level semantic labelling of numerical values. In Proceedings of the 15th International 
Semantic Web Conference (ISWC 2016) - Part I, volume 9981 of Lecture Notes in Computer Science (LNCS), pages 428--445, Kobe, Japan, October 2016. Springer.

• Axel Polleres, Maulik R. Kamdar, Javier D. Fernández, Tania Tudorache, and Mark A. Musen. A more decentralized vision for linked data. In Decentralizing the 
Semantic Web (Workshop of ISWC2018), volume 2165 of CEUR Workshop Proceedings. CEUR-WS.org, October 2018.

• Svitlana Vakulenko, Javier Fernández, Axel Polleres, Maarten de Rijke, and Michael Cochez. Message passing for complex question answering over knowledge 
graphs. In 28th ACM International Conference on Information and Knowledge Management (CIKM2019, Beijing, China, November 2019. to appear.

• Sabrina Kirrane, Marta Sabou, Javier D. Fernández, Francesco Osborne, Cécile Robin, Paul Buitelaar, Enrico Motta, and Axel Polleres. A decade of semantic web 
research through the lenses of a mixed methods approach. Semantic Web -- Interoperability, Usability, Applicability (SWJ), 2019. to appear (accepted for 
publication).

(Links for download on http://polleres.net/publications/ )

Some references for the mentioned works (thanks to my co-authors!):

http://polleres.net/publications/

