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A Brief History of Knowledge Graphs

Google’s
Announcement

DBpedia

YAGO

ResearchCyc WikidataFreebase

NELL
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Wikipedia as a Knowledge Graph

• Wikipedia based Knowledge Graphs

– DBpedia: launched 2007

– YAGO: launched 2008

– Extraction from Wikipedia 
using mappings & heuristics

• Present

– Two of the most used knowledge graphs

– ...with Wikidata catching up
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Wikipedia as a Knowledge Graph
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Wikipedia as a Knowledge Graph
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Wikipedia as a Knowledge Graph

• Mapping to a central schema/ontology
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Wikipedia as a Knowledge Graph

• General characteristics of DBpedia and YAGO:

– Central/schema ontology

• DBpedia: crowdsourcing

• YAGO: WordNet + categories

– Mapping of infobox keys

• DBpedia: crowdsourcing

• YAGO: engineering

– One page per entity

• i.e.: set of entities = set of Wikipedia pages
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Getting the Most out of Wikipedia

• Study for KG-based 
Recommender Systems*

– DBpedia has a coverage of

• 85% for movies

• 63% for music artists

• 31% for books

*) Di Noia, et al.: SPRank: Semantic Path-based Ranking for Top-n 
Recommendations using Linked Open Data. In: ACM TIST, 2016

https://grouplens.org/datasets/
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Why bother?

• Experiment w/ 
recommender 
systems
(LDK 2021)

– Trained on five versions 
of DBpedia

– Biases become evident

• examined: genre,
production country

Voit & Paulheim (2021): Bias in Knowledge Graphs.
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Why bother?

• One key take away of that paper:

• Rethink parameter tuning and ablation studies!

– We see ablation studies on methods, parameters, etc.

– But rarely on knowledge graphs

– However, there are considerable differences

• observed in this work: factor of 2-3

• Especially: 

– entity coverage and level of detail

Voit & Paulheim (2021): Bias in Knowledge Graphs.
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Increasing Level of Detail

• YAGO uses categories for types

– e.g., Category:American Industrial Groups

– but does not analyze them further

• :NineInchNails a :AmericanIndustrialGroup
– “Things, not Strings”?

• :NineInchNails a :MusicalGroup ;
hometown :United_States ;
genre :Industrial .
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Cat2Ax: Axiomatizing Wikipedia Categories

 dbo:Album

 dbo:artist.{dbr:Nine_Inch_Nails}

 dbo:genre.{dbr:Rock_Music}
See: ISWC 2019 Paper on Uncovering the Semantics of Wikipedia Categories
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Cat2Ax: Axiomatizing Wikipedia Categories

 dbo:genre.{dbr:Rock_Music} ?

 dbo:artist.{dbr:Rock_(Rapper)} ?
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Cat2Ax: Axiomatizing Wikipedia Categories

– Frequency: how often does the pattern occur in a category?

• i.e.: share of instances that have dbo:genre.{dbr.Rock_Music}?

– Lexical score: likelihood of term as a surface form of object

• i.e.: how often is Rock used to refer to dbr:Rock_Music?

– Sibling score: how likely are sibling categories sharing similar patterns?

• i.e., are there sibling categories with a high score for dbo:genre?
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Cat2Ax: Axiomatizing Wikipedia Categories

• Results
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CaLiGraph Example

Category: Musical Groups established 
in 1987

List of symphonic metal bands

Category: Swedish death metal bands
List of Swedes in Music
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Improving Entity Coverage: 
Lists in Wikipedia

• Only existing pages have categories

– Lists may also link to non-existing pages
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Pushing Entity Coverage Further

• Beyond red links (2020) • Beyond explicit lists (2021)
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Entity Extraction from List Pages

• Red and grey links

– Red links point to entities
that do not exist

– “Grey links”

• are actually not links

• i.e., entities to be 
discovered
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Entity Extraction from List Pages

• Lists form (shallow) hierarchies
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Entity Extraction from List Pages

• Idea: align with category graph

• Equivalence: 

– “List of Japanese Writers”
↔ Category:Japanese Writers

• Subsumption:

– “List of Japanese 
Speculative Fiction Writers”
→ Category:Japanese Writers



9/30/21 Heiko Paulheim 22 

Classifying Red Links

• Not all entities on a list page 
belong to the same category

• Idea:

– Learn classifier to tell subject
entities from non-subject entities

• Distant learning approach

– Positive examples:

• Entities that are in the 
corresponding category

– Negative examples

• Entities that are in a category
which is disjoint

• e.g., Book <> Writer
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Classifying Red Links

• Using a mix of features

– Page layout, position of entities, statistical, linguistics, …
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Classifying Red Links

• Enumerations work slightly better than tables

• Unevenly balanced

– >70% place, species, and person
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Beyond List Pages

• Many pages
contain list-like
constructs

• Usually

– small

– same type

– same relation
to page entity

– more grey links

…
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Beyond List Pages
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Beyond List Pages

• Learning descriptive rules for listings, e.g.

– topSection(“Discography”) → artist.{>PageEntity<}

– Learning across pages to mitigate small data problems

• Metrics:

– Support: no. of listings covered by rule antecedent

– Confidence: frequency of rule consequent over all covered listings

– Consistency: mean absolute deviation 
of overall confidence and listing confidence

• i.e., does the rule work equally well across all covered listings
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Beyond List Pages

• Entity detection:

– Specialize SpaCy tagger with entities on Wikipedia list pages

– Use SpaCy tags for filtering (e.g., PER for Person etc.)

• Based on majority vote per class

– tag fit (i.e., proportion of “fitting” tags for class axioms) 
used for thresholding
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Beyond List Pages

• We can learn 

– ~5M rules for types

– ~3k rules for relations

• Identify ~2M new entities

– incl. type and relations
within KG

• Post hoc inspection of axioms:

– Accuracy >90%
Person
34%

Species
24%

Place
11%

Work
6%

Other
25%
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CaLiGraph at a Glance

• Latest version 2.1

– 15M entities

• incl. 8M from listings

– Caveat:

• disambiguation!
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Entity Disambiguation

• Examples: Wikipedia pages of Die Krupps and Eisbrecher

?
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CaLiGraph Glitches
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CaLiGraph Challenges & Open Issues

• Entity disambiguation

• Usage of formal ontologies (e.g., country is functional)

• Extracting information directly from the context

Achim_Färber

Drums

instrument
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Knowledge Graph Creation Beyond Wikipedia
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A Bird’s Eye View on DBpedia EF

• DBpedia Extraction Framework

• Input: 

– A Wikipedia Dump

(+ mappings)

• Output:

– DBpedia

DBpedia
Extraction
Framework
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A Satellite View on DBpedia EF

• DBpedia Extraction Framework

• Input: 

– A Media Wiki Dump

(+ mappings)

• Output:

– A Knowledge Graph

DBpedia
Extraction
Framework
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What if…?

• What if we went from Wikipedia every MediaWiki?

• According to WikiApiary, there’s thousands...



9/30/21 Heiko Paulheim 38 

Why?

• More is better (maybe)
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Why?

• Overcoming Wikipedia’s coverage bias
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A Brief History of DBkWik

• Started as a student project in 2017

• Task: run DBpedia EF on a large Wiki Farm

– ...and see what happens
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DBkWik vs. DBpedia

• Challenges

– Getting dumps: only a fraction of Fandom Wikis has dumps

– Downloadable from Fandom: 12,840 dumps

– Tried: auto-requesting dumps
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Obtaining Dumps

• We had to change our strategy: WikiTeam software

– Produces dumps by crawling Wikis

– Fandom has not blocked us so far :-)

– Current collection: >300k Wikis 

→ will go into DBkWik 1.2 release
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DBkWik vs. DBpedia

• Mappings do not exist

– no central ontology

– i.e., only raw extraction possible

• Duplicates exist

– origin: pages about the same entity 
in different Wikis

– unlike Wikipedia: often not explicitly linked

• Different configurations of MediaWiki
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Absence of Mappings and Ontology

• Every infobox becomes a class:

{infobox actor 
→ mywiki:actor a owl:Class

• Every infobox key becomes a property

|role = Harry’s mother 
→ mywiki:role a rdf:Property

• The resulting ontology is very shallow

– No class hierarchy

– No distinction of object and data properties

– No domains and ranges
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Duplicates

• Collecting Data from a Multitude of Wikis
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Representational Variety

• No conventions across Wikis (besides using MediaWiki syntax)

{{Person
|name = Trent Reznor
|image = TrentReznor.jpg
|caption - Reznor at the [[83rd Academy Awards]]
|nominations = 1
|wins = 1
|role = Composer
|birthdate = May 17, 1965
|birthloc = Mercer, Pennsylvania, USA}}

{{Infobox musician
| Name                = Trent Reznor
| Birth_name          = Michael Trent Reznor
| Born                = May 17, [[1965]] (age 53)
| Origin              = [[Mercer]], 
[[Pennsylvania]], [[United States]]
...
}}

{{Infobox cast
|Name=Trent Reznor
|Image=
|ImageCaption=
|character=
|crew=
|Born={{d|May|17|1965}}{{-}}New Castle, 
Pennsylvania, United States
...
}
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Data Fusion
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Naive Data Fusion and Linking to DBpedia

• String similarity for schema matching (classes/properties)

• doc2vec similarity on original pages for instance matching

• Results

– Classes and properties work OK

– Instances are trickier

– Internal linking seems easier

F1 score... Internal Linking Linking to DBpedia

Classes .979 .898

Properties .836 .865

Instances .879 .657

maybe...
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Improving Linking and Fusion

• Started a new track at OAEI in 2018

– annual benchmark for matching tools

• From 2019, some tools starting beating the baseline

– albeit by a small margin only
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The Golden Hammer Bias

• Challenge:

– OAEI tools expect two related KGs

– but: 300k KGs can only be matched
without manual pre-inspection

See: ESWC 2020 Paper on OAEI Knowledge Graph Track
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Big Picture
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DBkWik 1.1

• Source: ~15k Wiki dumps from Fandom

– 52.4GB of data (roughly the size of the English Wikipedia)

Raw Final

Instances 14,212,535 11,163,719

Typed instances 1,880,189 1,372,971

Triples 107,833,322 91,526,001

Avg. indegree 0.624 0.703

Avg. outdegree 7.506 8.169

Classes 71,580 12,029

Properties 506,487 128,566
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Towards DBkWik 1.2

• Again, we have an entity resolution problem

– with entities from 300k sources

• Strategies
• (i) pairwise (O(n²))

• (ii-iv) transitive pairs

• (iii-v) incremental merge

• Ordering by
• smallest/largest first

• source similarity
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Towards DBkWik 1.2

• Preliminary results

– Incremental merge works best (quality close to pairwise)

• Main challenge: runtime

– One match&merge step takes ~20 minutes

– i.e., 300k steps are more than 11 years!

• Idea: parallelization

– best case: tree height of 18

→ best runtime (fully parallel): six hours

A B
CAB

DABC

EABCD

FABCDE

GABCDEF

HABCDEFG

A B C D

AB CD

E F G H

EF GH

ABCD EFGH
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Summary

• DBpedia and YAGO

– one source (Wikipedia, multiple languages)

– one entity per page paradigm

• CaLiGraph

– one source (Wikipedia, multiple languages would be possible)

– extraction from list-like constructs

• furtherpossible extension: list-like constructs outside of Wikipedia

– current open challenge: entity resolution

• DBkWik

– extraction from thousands of Wikis

– current open challenge: entity resolution

• in particular: scalability!
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Further Open Challenges

• More detailed profiling of knowledge graphs

– e.g., do we reduce or increase bias?

– and: is that good or bad?

• Task-based downstream evaluations

– Does it improve, e.g., recommender systems?

• Fusion policies

– schema level,
e.g., many shallow ontologies
→ one deep ontology?

– instance level, 
e.g., identify outdated information
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Contributors
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From Wikis to Knowledge Graphs: 

Approaches and Challenges 
beyond DBpedia and YAGO

Heiko Paulheim


	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34
	Folie 35
	Folie 36
	Folie 37
	Folie 38
	Folie 39
	Folie 40
	Folie 41
	Folie 42
	Folie 43
	Folie 44
	Folie 45
	Folie 46
	Folie 47
	Folie 48
	Folie 49
	Folie 50
	Folie 51
	Folie 52
	Folie 53
	Folie 54
	Folie 55
	Folie 56
	Folie 57
	Folie 58

