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tǊŜǾƛƻǳǎƭȅ ƻƴ άYƴƻǿƭŜŘƎŜ DǊŀǇƘǎέ

ÅPrinciples: 
ïRDF, RDF-S, SPARQL & co

ïLinked Open Data

ÅToday
ïA closer look on actually existing knowledge graphs

ïSome useful, large-scale resources
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Introduction

ÅKnowledge Graphs out there 
(not guaranteed to be complete)
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Paulheim: Knowledge graph refinement: A survey of approaches and evaluation methods. Semantic Web 8:3 (2017), pp. 489-508
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Knowledge Graph Creation: CyC

ÅThe beginning
ïEncyclopedic collection of knowledge

ïStarted by Douglas Lenatin 1984

ïEstimation: 350 person years and 250,000 rules 
should do the job
ƻŦ ŎƻƭƭŜŎǘƛƴƎ ǘƘŜ ŜǎǎŜƴŎŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƪƴƻǿƭŜŘƎŜ

ÅThe present (as of June 2017)
ï~1,000 person years, $120M total development cost

ï21M axioms and rules

ïUsed to exist until 2017
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Knowledge Graph Creation: CyC
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Knowledge Graph Creation

ÅLesson learned no. 1:
ïTrading efforts against accuracy
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Min. efforts Max. accuracy
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Knowledge Graph Creation: Freebase

ÅThe 2000s
ïFreebase: collaborative editing

ïSchema not fixed

ÅPresent
ïAcquired by Google in 2010

ïtƻǿŜǊŜŘ ŦƛǊǎǘ ǾŜǊǎƛƻƴ ƻŦ DƻƻƎƭŜΩǎ YƴƻǿƭŜŘƎŜ DǊŀǇƘ

ïShut down in 2016

ïPartly lives on in Wikidata(see in a minute)
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coming up soon:
was it a good deal or not?
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Knowledge Graph Creation: Freebase

ÅCommunity based

ÅLike Wikipedia,
but more structured
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Knowledge Graph Creation

ÅLesson learned no. 2:
ïTrading formality against number of users
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Max. user involvement Max. degree of formality
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Knowledge Graph Creation: Wikidata

ÅThe 2010s
ïWikidata: launched 2012

ïGoal: centralize data from Wikipedia languages

ïCollaborative

ï Imports other datasets

ÅPresent
ïOne of the largest public knowledge graphs

(see later)

ï Includes rich provenance
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Knowledge Graph Creation: Wikidata

ÅCollaborative editing
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Even without login
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Knowledge Graph Creation: Wikidata

ÅSome pages are (semi-) protected
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Semi-protected

https://www.wikidata.org/wiki/Wikidata:Protection_policy

https://www.wikidata.org/wiki/Wikidata:Protection_policy
https://www.wikidata.org/wiki/Wikidata:Protection_policy
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Knowledge Graph Creation: Wikidata

ÅProvenance
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Wikidata
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Knowledge Graph Creation

ÅLesson learned no. 3:
ïThere is not one truth (but allowing for plurality adds complexity)
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Max. simplicity Max. support for plurality



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

Knowledge Graph Creation:             
DBpedia& YAGO

ÅThe 2010s
ïDBpedia: launched 2007

ïYAGO: launched 2008

ïExtraction from Wikipedia 
using mappings & heuristics

ÅPresent
ïTwo of the most used knowledge graphs

ïNext to Wikidata
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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

ÅMapping to a central schema/ontology
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DBpedia
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DBpedia
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Lehmann et al.: DBpediaςA Large-scale, Multilingual Knowledge Base Extracted from Wikipedia. 2014
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DBpedia
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DBpedia
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DBpedia
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YAGO

ÅYAGO 1
ïWikipedia categories for types

ÅPlus WordNet as upper structure

ÅYAGO 2
ïAnchored in time and space

ÅYAGO 3
ïFurth improvements +

multiple languages

ÅYAGO 4
ïBased on Wikidata

ÅRefines taxonomy and properties
by using schema.org
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https://yago-knowledge.org/

https://yago-knowledge.org/
https://yago-knowledge.org/
https://yago-knowledge.org/
https://yago-knowledge.org/
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YAGO3
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Knowledge Graph Creation

ÅLesson learned no. 4:
ïHeuristics help increasing coverage (at the cost of accuracy)

27

Max. accuracy Max. coverage



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

Knowledge Graph Creation: NELL

ÅThe 2010s
ïNELL: Never ending language learner

ï Input: ontology, seed examples, text corpus

ïOutput: facts, text patterns

ïLarge degree of automation, 
occasional human feedback

ÅUntil 2018
ïContinuously ran for ~8 years

ïNew release every few days

28

http://rtw.ml.cmu.edu/rtw/overview

http://rtw.ml.cmu.edu/rtw/overview
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Knowledge Graph Creation: NELL

ÅExtraction of a Knowledge Graph from a Text Corpus
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Nine Inch Nails 
singer Trent Reznor, 
born 
1965

...as stated by Filter
singer Richard 
Patrick...says Slipknot 

singer Corey Taylor,
44, in the interview.

ά· ǎƛƴƎŜǊ ¸έ
Ҧ band_member(X,Y)

band_member(Nine_Inch_Nails, Trent_Reznor)
band_member(Filter,Richard_Patrick)
band_member(Slipknot,Corey_Taylor)

patterns

facts
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Knowledge Graph Creation: NELL
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Knowledge Graph Creation

ÅLesson learned no. 5:
ïQuality cannot be maximized without human intervention
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Max. human intervention Max. accuracy



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

Summary of Trade Offs

Å (Manual) effort vs. accuracy and completeness

ÅUser involvement (or usability) vs. degree of formality

ÅSimplicity vs. support for plurality and provenance

Ҧ ŀƭƭ ǘƘƻǎŜ ŘŜŎƛǎƛƻƴǎ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǎƘŀǇŜ ƻŦ ŀ ƪƴƻǿƭŜŘƎŜ ƎǊŀǇƘΗ

32



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

GPTKB
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https://gptkb.org/

https://gptkb.org/
https://gptkb.org/
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GPTKB
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https://arxiv.org/pdf/2411.04920

https://arxiv.org/pdf/2411.04920
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GPTKB
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https://arxiv.org/pdf/2411.04920

https://arxiv.org/pdf/2411.04920
https://arxiv.org/pdf/2411.04920
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GPTKB
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https://arxiv.org/pdf/2411.04920

https://arxiv.org/pdf/2411.04920
https://arxiv.org/pdf/2411.04920
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Non-Public Knowledge Graphs

ÅMany companies have their
own private knowledge graphs
ïGoogle: Knowledge Graph,

Knowledge Vault

ïYahoo!: Knowledge Graph

ïMicrosoft: Satori

ïFacebook: Entities Graph

ïThomson Reuters: permid.org
(partly public)

ÅHowever, we usually know only little about them
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See: Noy et al. (2019): Industry-ǎŎŀƭŜ YƴƻǿƭŜŘƎŜ DǊŀǇƘǎΥ [Ŝǎǎƻƴǎ ŀƴŘ /ƘŀƭƭŜƴƎŜǎΥ CƛǾŜ ŘƛǾŜǊǎŜ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳǇŀƴƛŜǎ ǎƘƻǿ Ƙƻǿ ƛǘΩǎdone
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Comparison of Knowledge Graphs

ÅRelease cycles

ÅSize and density

38

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017

Days:
NELL

Months:
DBpedia

Years:
YAGO
Cyc

Caution!

Instant updates:
DBpedialive,

Freebase
Wikidata

2017
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Comparison of Knowledge Graphs
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Heist, Hertling, Ringler & Paulheim: Knowledge Graphs on the Web ςan Overview. 2020

2020
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Comparison of Knowledge Graphs

ÅWhat do they actually contain?

ÅExperiment: pick 25 classes of interest
ïAnd find them in respective ontologies

ÅCount instances (coverage)

ÅDetermine in and out degree (level of detail)
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Comparison of Knowledge Graphs

41

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Comparison of Knowledge Graphs

42

ÅSummary findings:
ïPersons: more in Wikidata

(twice as many persons as DBpediaand YAGO)

ïCountries: more details in Wikidata

ïPlaces: most in DBpedia

ïOrganizations: most in YAGO

ïEvents: most in YAGO

ïArtistic works:

ÅWikidatacontains more movies and albums

ÅYAGO contains more songs

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Caveats

ÅwŜŀŘƛƴƎ ǘƘŜ ŘƛŀƎǊŀƳǎ ǊƛƎƘǘΧ

ÅSo, Wikidatacontains more persons
ïbut less instances of all the interesting subclasses?

ÅThere are classes like Actor in Wikidata
ïbut they are hardly used

ï rather: modeled using professionrelation

43
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Caveats

Å wŜŀŘƛƴƎ ǘƘŜ ŘƛŀƎǊŀƳǎ ǊƛƎƘǘΧ όctd.)

Å So, Wikidatacontains more data on countries, but less countries?

Å First: Wikidataonly counts current, actual countries

ï DBpediaand YAGO also count historical countries

Å άYDм Ŏƻƴǘŀƛƴǎ ƭŜǎǎ ƻŦ · ǘƘŀƴ YDнέ Ŏŀƴ ƳŜŀƴ

ï it actually contains less instances of X

ï it contains equally many or more instances, 
but they are not typed with X (see later)

Å Second: we count single facts about countries

ïWikidatarecords some time indexed information, e.g., population

ï Each point in time contributes a fact
44
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Overlap of Knowledge Graphs

ÅHow largely do knowledge graphs overlap?

ÅThey are interlinked, so we can simply count links
ïFor NELL, we use links to Wikipedia as a proxy

45

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017

DBpedia

YAGO

Wikidata

NELL Open

Cyc
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Overlap of Knowledge Graphs

ÅHow largely do knowledge graphs overlap?

ÅThey are interlinked, so we can simply count links
ïFor NELL, we use links to Wikipedia as a proxy

46

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Overlap of Knowledge Graphs

ÅLinks between Knowledge Graphs are incomplete
ïThe Open World Assumption also holds for interlinks

ÅBut we can estimate their number

ÅApproach:
ïFind link set automatically with different heuristics

ïDetermine precision and recall on existing interlinks

ïEstimate actual number of links

47

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Overlap of Knowledge Graphs

Å Idea:
ïGiven that the link set F is found

ïAnd the (unknown) actual link set would be C

ÅPrecision P: Fraction of F which is actually correct
ï i.e., measures how much |F| is over-estimating |C|

ÅRecall R: Fraction of C which is contained in F
ï i.e., measures how much |F| is under-estimating |C|

ÅFrom that, we estimate ὅ Ὂ ὖzᶻ

48

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Overlap of Knowledge Graphs

ÅMathematical derivation:

ïDefinition of recall: Ὑ

ïDefinition of precision: 0

ÅResolve both to Ὂ  , substitute, and resolve to ὅ

ÅThe existing links are used to compute precision and recall

49

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017

unknown

ὅ Ὂ ὖzᶻ
ρ

Ὑ



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

Overlap of Knowledge Graphs

ÅExperiment:
ïWe use the same 25 classes as before

ïMeasure 1: overlap relative to smaller KG (i.e., potential gain)

ïMeasure 2: overlap relative to explicit links 
(i.e., importance of improving links)

ÅLink generation with 16 different metrics and thresholds
ï Intra-class correlation coefficient for |C|: 0.969

ï Intra-class correlation coefficient for |F|: 0.646

ÅBottom line:
ïDespite variety in link sets generated, the overlap is estimated 

reliably

ïThe link generation mechanisms do not need to be overly accurate
50

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Overlap of Knowledge Graphs

51

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017



University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 06.10.2025

Data and Web Science Group

Overlap of Knowledge Graphs

ÅSummary findings:
ïDBpediaand YAGO cover roughly the same instances

(not much surprising)

ïNELL is the most complementary to the others

ïExisting interlinks are insufficient for out-of-the-box parallel usage

52

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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Intermezzo: Knowledge Graph 
Creation Cost

ÅThere are quite a few metrics for evaluating KGs
ïsize, degree, interlinking, quality, licensing, ...

53

Zaveri et al.: Quality Assessment for Linked Open Data: A Survey. 
SWJ 7(1), 2016

Färberet al.: Linked data quality of DBpedia, 
Freebase, OpenCyc, Wikidata, and YAGO
SWJ 9(1), 2018


