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t NBOA2dzat & 2y dYVEBFLUSR:

A Principles:
i RDF, RDB, SPARQL & co
I Linked Open Data

A Today

I A closer look on actually existing knowledge graphs
I Some useful, largecale resources
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Introduction

A Knowledge Graphs out there
(not guaranteed to be complete)

Name Instances Facts Types | Relations

— public

— private

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graahnsipn06.10.205 3
Paulheim Knowledge graph refinement: A survey of approaches and evaluation methods. Semantic Web 8:3 (201765@®. 489



) T

Knowledge Graph Creatioil€CyC

A The beginning
I Encyclopedic collection of knowledge
I Started by Douglalsenatin 1984

I Estimation: 350 person years and 250,000 rules
should do the job
2F O2ff SOGAY3I GKS S&aas

A The present (as of June 2017)
i ~1,000 person years, $120M total development cost
I 21M axioms and rules
I Used to exist until 2017
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Knowledge Graph Creation

A Lesson learned no. 1:
I Trading efforts against accuracy

\ I [ 4

Min. efforts Max. accuracy
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Data and Web Science Group

A The 2000s o —
I Freebase: collaborative editing f" _reebase

I Schema not fixed

A Present | coming up soon: J
I Acquired by Google in 2010 was It a good deal or not?
i t26SNBR FANRGO OSNRAAZY 2F D223f €
I Shut down in 2016
I Partly lives on inWikidata(see in a minute)
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Knowledge Graph Creation: Freebasi

A Community based | Arnold Schwarzenegger -

A L|ke W|k|ped|a’ €2 Discuss "Arnold Schwarzenegger® == Show Empty Fields
bUt more Stru Ctu red = Types: Person (Peopley, US Politician (Government), Film

actar (Film), Film producer (Film), Pro Athlete (Sports), Sports
Aaard Winner (Spaorts)

.= Also known as:  Arnold Alois Schwartzenegger, The Governator
.= Gender: hale

.= Date of Birth:  Jul 30,1947

Place of Birth:  Thal, Austria

= Country Of Nationality:  United States

.= Profession: Paolitician , Bodybuilder, Entreprensur, Actor

image 1 of 1

= Religion: Roman Catholicism

= Paremts: Aurelia Jadrny Schwarzenegger, Gustay
SchwarZenegger

.= Children: Christopher Schwarzenegger, Patrick
Schwarzenegoer, Christina Schwarzenegger , Kathering
SchwarZenegoer

Siblinas:  Meinhard Schwarzenegger

Spouse (or domestic partnery:  Maria Shriver = Apr 26, 1986
Height:  1.88 m

IMDB Entry:  hitp:fiwawwimdb.cominameinmo0n021 6/
Career Start: 1968

Career End: 1580
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Knowledge Graph Creation

A Lesson learned no. 2:
I Trading formality against number of users

\ I [ 4

Max. user involvement Max. degree of formalit
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and Web Sci

A The 2010s

I Wikidata launched 2012
I Goal: centralize data from Wikipedia languages
I Collaborative

I

Imports other datasets WIKIDATA

A Present

I One of the largest public knowledge graphs
(see later)

I Includes rich provenance
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Even without login

A Collaborative editing \

= |II||I|I|| WIKIDATA | Q search wikidata Search A English Donale Creale acg M aes w ' i =
arning: You are not logged in. Your
, , MWaming:You arenct logged i Your IP address will be publicly visible if
International Semantic Web Conference (geoss150) e e . .
e T you make any edits_ If you Iﬂg in or
Item Discussion Read View history Tools attributed to a username, among
- —_— ther benefi M H
_ ot benef create an account, your edits will be
ISWC conference series & ed .
LY
ISWG i attributed to a username, among
Standard
~ In more languages 2 anda D'u'lElr bEl-n Eﬂts ’
Configure () Large
Language Label Description Also known as Width TH S
default for all International Semantic Web ISWC © standar
languages Conference ) wide
English International Semantic Web  ISWC conference series ISWC
Conference
German wissenschaftliche Konferenzreihe
French
Bavarian
All entered languages
Statements
instance of é academic conference series £ edit
~ 0 references
+ add reference
@E” +” publish X cancel (7]

human &= -

any single member of Homo sapiens, unique extant species of the genus Homo

human settlement
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Semiprotected j

A Some pages are (seiprotected

= |II||I|I|| WIKIDATA Q  ®j English ©0 Donale Create account Login ===

University of Mannheim (317070) B

ltem Discussion

Read View history Tools

university in Germany
Uni Mannheim | UMA | Hochschule Mannheim

Protection types

~ In more languages
Confoure There are three kinds of protection that can be applied to existing pages.

Language Label i ) . ) . .

« Semi-protection (symbolized by ﬁ) allows only autoconfirmed users/confirmed users to edit the page.
default for all Universitat Mannheim - . L )
languages « Full protection (symbolized by ﬁ or ﬁ) only allows administrators to edit the page.

) o _ Move protection (symbolized by ﬁ ) does not affect who can edit pages, but does prevent anyone except for administrators from
English University of Mannheim . X . i . .
moving affected pages to new locations. Most high traffic pages are move protected. Move protection cannot be applied to items
or properties.

German Universitat Mannheim « Create-protection (symbolized by ﬁ for both full and semi-create protection) can be applied to deleted or nonexistent pages.
Like move protection, however, it cannot be applied to deleted items or properties.

« Full create protection prevents the page from being created except by administrators.
Erench université de Mannheim « Semi-create protection also allows autoconfirmed and confirmed users to create.

Bavarian

All entered languages

Statements

aer

instance of public university

~ 0 references
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Knowledge Graph CreatioWikidata

A Provenance

inception & 2002 2 edit
v 1 reference
+ add value
short name € ISWC (English) 2 edi
~ 0 references
+ add reference
+ add value
title § International Semantic Web Copnference (Enalish) 2 edit

-1 reference

stated in dblp computer science bibliography
reference URL https://dblp.org/db/conf/semweb/

retrieved 13 February 2021

<+ add reference

+ add value
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Knowledge Graph Creation

A Lesson learned no. 3:
I There is not one truth (but allowing for plurality adds complexity)

\ I [ 4

Max. simplicity Max. support for pluralit
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Knowledge Graph Creation: B Ok MANNHEIM
DBpedia& YAGO

A The 2010s
I DBpedialaunched 2007
I YAGO: launched 2008

I Extraction from Wikipedia
using mappings & heuristics

A Present
I Two of the most used knowledge graphs E =
.I. NeXt tOWlkldata select knowledge
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Wikipedia as a Knowledge Graph

W University of Mannheim - Wiki; X + - o X
<« CcC 92 @ fen.wikipedia.org/ix Mannheim B s 0ty Py e =
& HeikoPaulheim ._. D Talkk Sandbox Beta Watchist C Log out
Article  Talk Read Edit View history Search Wikipedia Q
WixieepiA  University of Mannheim
The Free E lopedi
e Bree Bicyhopediu From Wikipedia, the free encyclopedia Coordinstes: (g 49"29°00°N 8'2752°E
Main page Not to be confused with Mannheim University of Apphed Sciences.
Contents. 2 . - " . " . .
e— The University of Mannheim (in German: Universitdt Mannheim), abbreviated UMA, is a public research university in Mannheim, Baden-Wirtemberg, Germany. Founded in 1967, the University of Mannheim
T university has its origins in the Palatine Academy of Sciences, which was established by Elector Carl Theodor at Mannheim Palace in 1763, as well as the Handelshochschule
About Wikipedia (Commercial College Mannheim), which was founded in 1907.14! B
BUS
Coatact u3 The university offers undergraduate and graduate programs in busi administration . law, social sciences, humanities, mathematics, computer science and information .\.\‘-‘“ "6‘4;/
D systems. The university’s campus is located in the city center of Mannheim and its main campus is in the Mannheim Palace. In the academic year 2016/2017 the university had 12,000 o~ n]—D-[H 7_‘7
Contribute full-time students, 907 academic staff, with 134 professors, and a total income of around €123 million 21" It is organized into five schools and two graduate colleges ~ L
= Contents [nide]
Learn to edit i
Community portal 1 History
Recent changes 1.1 20th century
Upload file 1.1.1 Municipal Commercial College Mannheim (1907-1933)
1.1.2 State College for Economics Mannheim (1946—-1967) £l
Tools ! Strir AT
1.1.3 University of Mannheim (1967) sk Wy
What links here 1.2 21st century eal of the
Related changes Motto In Omnibus Veritas Suprema
Special pages LS Lex Esto {Latin)
Permanent link 3 Organisalion and adminstration Motto in English  Truth in everything should be
Page information 3.1 Schools and Graduate Colleges the supreme law
Cite this page 3.2 Governance Type Bublic
Wikidata item 4 Academic profile Established 1967; 54 years ago
. 4.1 Research institutes and affiliates )
Printiexport Budget €123 miionl ]
4.2 Rankings and reputation
Download as PDF 5 Student life ‘Chancelior Barbara Windscheid
Printable version
! 5.1 Student organizations ek } jlcwes Pf"" o
n other projects 5.2 Sports and athletics Academic staff 507 ("‘""”’[_,
inistrati 7 (ful 1
Wikimedia Commons. 5.3 Traditions .::nﬂnmstratrve GHITInT,
Languages o SRRl ) Students 12,000 (H#s 20202042
5.3.2 Schneckenhof Parties 21
Dansk Undergraduates 7,173
6 Notable alumni and faculty members 2
Deutsch Postgraduates 4,828
. 7 Seealso .
Espaiol Doctoral 79312
Francais 8 Notes and references students
Hrvatski 9 Further reading Location Mannheim, Baden-
Raliano 10 Exernal links Wilrttemberg, Germany
Nederiands L €@ 49°2900°N 82753°E
Pyccrmii . Campus. Urban (Mannheim Palace), 74
Tarkge History [eait) acres (0.3 km#)%
2 19 more The University of Mannheim has no clear foundation date. Its history can be dated back to the establishment of ane of its predecessor institutions — the Kurpfalzische Akademie der COI ssanhewT BRle A Wie
ZEdit links Wissenschaften (Palatine Academy of Sciences) in Mannheim Palace, which was founded by Elector Carl Theodor in 1763. Further predecessors are the Municipal Commercial College
A (1907-1933) which was reopened in 1946 as the State Colleae for Economics Mannheim and renamed Universitv of Mannheim in 1967.141 Affiliations AACSB; AMBA; CFA Institute; S
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Wikipedia as a Knowledge Graph

A Mapping to a central schema/ontology

University of Mannheim

T — subclass of
= Pt OrganisatioD

O b

" 'EﬂD" -

2 Ll S
7z Z, ; \\\'

subclass of

“p <
Strzr mN
Seal of the UMA

—

subclass o

Motto In Omnibus Veritas Suprems
Lex Esto (Latn)

Motto in English  Truth in everything should be
the supreme law

Type Public

Established 1967; 54 years ago

Budget €123 million{"]

domain

range
N9 Person

nnnnnnnnn Barbara Windscheid

eeeee Thomas Puh
907 (full time)l!
Administrative 617 (full time)'’

Students 12,000 (s 2020292
Undergraduates 7‘173‘2
Postgraduates 4,828l2

Doctoral 79312
student:
Location Man: n-
Wart! erman
range
Campus
acres (0.3 k)%
Colors Mannheim Blue and White
Affiliations AACSB; AMBA; CFA Institute
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Universitat Mannheim
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Seal of the UMA

Motto

Motto in English

Established

Type
Endowment
Chancellor
Rector
Academic staff

Administrative
staff

Students
Undergraduates
Postgraduates

Doctoral
students

University of Mannheim | IE650 Knowledge Grapns | FPupiic knowleage Gra@nsipnub. LU.2ud

in Omnibus Veritas
Suprema Lex Esto (Latin)

Truth in everything should
be the supreme law

1763: Theodoro Palatinae
1907: Handelshochschule
1967: Universitat
Mannheim

Public

€115 million
Susann-Annette Storm
Ernst-Ludwig von Thadden
800 (full time)

550 (full time)

12,151 Hws 20131491
6,915

4,965(1]

24gl1]

DBpedia
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{{Infobox university

|motto
|mottoeng

| nams
|native_name
|image name
|caption
|established
| type

| endowment

|academic staff

|administrative staff =

| Schools

| rector

| chancellaor
| =tudents

Studierendenstatistik hwsl3.pdf|citle= Studierendenstatistik der Uniy

|undergrad
|postgrad
|doctoral
|profess
|cicy

| =tatce

| country

| coor

='"'"Tn Cmnibus Veritas Suprema Lex E=sto'!
= Truth in evervthing should be the supreme law
=University of Mannheim
=Universitdt Mannheim
=Uni_Mannheim Siegel.gif

{emblem) |5eal]] of the UMA
Theodoro Palatinae <br/> 18907:
=[[Pubklic University|Puklic]]

=[[5eal
=1763:

=115
=800

[[million]]
(full time)
550 (full
=5

=[[Ernst-Ludwig von Thadden]]

=[ [Su=ann-Annette

=12,151 <=small>""(HWS 2013/14)"'</small><ref name="uy

=6, 915<ref name="uni-mannheim.de"/>
<?xzml version="1.0" encoding="utf-8" 2>
<rdf:RDF>

<rdf:Description rdf:about="http://dbpedia.org/resource/University of Mannheim":>
= <dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:

=4, 965«<re:
=2489<ref 1

=[ [Mannhe:
=[ [Baden-I
=[ [German"
{{Coord

<dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:
<dbp:

([[Latin]]}

Handel=zhachschy

time)

Storm] ]

mottoeng xml:lang="en">Truth in everything should be the supreme law</dbp:mottoeng>
chancellor =zml:lang="en">Susann-Annette Storm</dbp:chancellor>

budget rdf:datatype="http://dbpedia.org/datatype/euro">1.23E8</dbp:budget>

campus xml:lang="en">Urban , 74 acres</dbp:campus>

caption zml:lang="en">Seal of the UMA</dbp:caption>

city rdf:resource="http://dbpedia.org/resource/Mannheim" />

colors =zml:lang="en">Mannheim Blue and White</dbp:colors>

country rdf:resource="http://dbpedia.org/resource/Germany" />

imageName xml:lang="en">Uni_ Mannheim Seal.png</dbp:imageName>

logo zml:lang="en">University of Mannheim.svg</dbp:logo>

logoSize rdf:datatype="http://www.w3.org/2001/XMLSchemaffinteger">280</dbp:logoSize>
nativeName zml:lang="en">Universitdt Mannheim</dbp:nativeName>

rector =ml:lang="en">Thomas Puhl</dbp:rector>

state rdf:resource="http://dbpedia.org/resource/Baden-Wiirttemberg" />

type rdf:rescurce="http://dbpedia.org/resource/Public University" />

website rdf:resource="https://www.uni-mannheim.de/en/%7C2=www.uni-mannheim.de" />

<georss:point>49.4832 8.4647</georss:point>

</rdf:Description>
</rdf:RDF>

VAV
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Extraction Manager
Input Parsing Extraction Output
Wikipedia Dump Wiki ( Label ) f Dump wessm) | DBpedia
¢ oo khSr::nﬂurf.:e Parser Sink Dump
o )) » Geo T 3
K- 3 T R - ( h
E g‘;'"ce N [ Mapping I gf"‘f{m » Triple Store
! E —_— Virtuoso 6
Oy || — | S S—
Mappings
SPARQL endpoint Linked Data
The Web |DBpedia apps ||SPARQL clients || RDF browser || HTML browser
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Mapping en:Infobox film

This is the mapping for the Wikipedia template Infobox film . Find usages of this Wikipedia template  ONtologyProperty:director

Test this mapping & (or in namespace File & or Creator &) with some example Wikipedia pages. Chet This is the definition of an ontology property.

Read more about mapping Wikipedia templates. Read mare about editing the ontology schema.
You can see the result of your edit on DBpedia Live & (this is BETAI).
Template Mapping (help) .
: OntologyClass:Film LT FLER TS 5
map to class Film
rdfs:label {en) director
This is the definition of an ontology class. rdfs-label (en) film director
Mappmgs Show all properties g7 available for this class. rdfslabel (nl) regisseur
Show class in class hierarchy &. rdfs:lahel (da) instrutor
. rdfs:label (de) regisseur
Read mare about editing the ontology schema. rdfs-abel (ru) e
You can see the result of your edit on DBpedia Live (  rdfs-label (el) FKrvoBETC
rdfs:label (es) director de cine
Proy Mapping (hel
perty Pping (help) rdfs:label (fr) réalisateur
template property director Ontology class (help) rdfs-comment (en) A film director is a person who directs the making of a film [1]
ontology property director rdfs:label (en) film () Un réalisateur (au féminin, réalisatrice) est une personne qui dirige la fabrication dune ceuvre audiovisuelle, généralement pour le
rdfs-label (en) movie ’ cinéma ou la télévision 2]
: rdfs:domain Film
LT - rdfs:range Person
rdfs:label (da) film rdf type
rdfs:label (de) Film rdfs:subPropertyOf dul:coparticipatesWith
Property Mapping (help) rdfs-1abel (e|} Tawmia owl-equivalentProperty  |schema:director, wikidata:P57
template property producer rdfs-label (fr) film oul-propertyDisjointVith
ontology property producer rdfs:label (ko) g5}
rdfs:label (ja) BRE
rdfs:label (ar) ald
rdfs:label (pl) film
rdfs:label (ga) scannan
rdfs:label (es) pelicula

rdfs:subClassOf | Waork
owl:-equivalentClass | schema:Movie, wikidata:Q11424

owl:disjointWith
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{{Infobox book

Tenth of December | name = Tenth of December

author = [[George Saunders]]

|
| language = English

| country = United States

| genre = [[Short story collection]]
| publisher = [[Random House]]
|

|

|

|

|

8812993802
Tenth of December.jpg

isbn =

image =

caption = US release cover
GEORGE
SAUNDERS

release_date = January 8, 2813

= Print (hardcover)

US release cover

Author George Saunders

Language English This is the mafping for the Wikipedia template Infobox bookFf. Find usages of this Wikipedia templ:
Genre Short story g (orin namespace File or Creator i) with some example Wikipedia pages. Ck
Publisher Random fouse Read more abolg mapping Wikipedia templates.

Publication date
Publication place

Template Mapplng (help)

map to class Book
Media
Mappings
QoCLC 78555885512 Property Mapping \neip)
template property names
ontelogy property foafname

Property Mapping (hel)

template property genre
ontology property literaryGenre
roperty Mapping (help)
template property pages
University Of ontology property numberOfPages

@Elofpagg .

i DBpedla ® Browse using~ B Formats ~

About: Tenth of December: Stories

An Entity of Type: Buch, from Named Graph: http.//dbpedia.org, within Data Space: dbpedia.org

Tenth of December is a collection of short stories by American author George Sau

magazines between 1995 and 2012. The book was published on January 8, 2013, |

was a 2071 Bram Stoker Award finalist. Tenth of December was selected as one of

New York Times Book Review. The collection also won the 2013 Story Prize for she

Folio Prize.

Property Value

dbe:abstract * Tenth of December is a collection of short stories by America
1995 and 2012. The book was published on January 8, 2013,
Tenth of December was selected as one of the 10 Best Books
the 2013 Story Prize for short-story collections and the inaug

dbo:author » dbr.George Saunders

dbe:isbn * 0812993802

dbo:literaryGenre » dbr:Short story collection

208 (xsd:positwel@

785558855

(=X
[]

dbe:publisher * dbrRandom House

dbo:releaseDate ® 2013-01-08 (xsd:date)

fension06.10.20% 23
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YAGO

A YAGO 1

I Wikipedia categories for types
A Plus WordNet as upper structure

A YAGO 2

I Anchoredin time andspace

A YAG

I Furthimprovements+
multiple languages

A YAGO 4

I Basedon Wikidata

A Refinegaxonomyand properties
by usingschema.org
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+ <Reinhard_Bitikofer>
~ <Umit_Davala>

+« <Hans_Martin_Pippart>
« <de/Klaus_May>

«— <Werner_Catel>

« <de/Fritz_RoRling>

« <Reinhold_Fanz>

«— <Peter_Dreher>

«— <Hans-Jurgen_Boysen>
« <Albert_Speer>

«— <Manuel_Gulde>

~ <Caroline_Augusta_of Bavaria>
+ <Reiner_Hollich>

« <Ludwig_Landmann>
« <Timo_Zahnleiter>

« <Jochen_Hecht>

« <Carolin_Leonhardt>

« <de/Mark_Etz>

«— <Max_Noether>

«— <de/Marc_Hemmerich>

:2010_lIHF_World_Championship>

<happenedin>

<Mannheim>

<wasBornin>

"Metropolregion Rhein-Neckar"@:
"World's 15 Most Inventive Cities"
"The Manhattan of Germany: the i|
"The rise of the smart city"@eng
"Germany and the Second World
"Ausgabe der Klimadaten: Monats
"Press release announcing the m¢
"FEI European Jumping Champioi}
"Partner und Freundesstadte" @er|
"Orase infraite (Twin cities of Min:

<hasCitationTitle> "Swansea - Wales ‘Mannheim.de’|

<Sepp_Herberger>

<Jiangsu>

<Prince-elector>

<Karl_Benz>

<Frankfurt>

<Dennis_Siver>

<Uwe_Rahn>

<Jochen_Hecht>

<Norwich_Duff>

<SAP_Arena>

<Qceanic_climate>

«— <de/Schlacht_bei_Seckenheim> <Ontario>
<Lithuania>
chicciaci i
Ymccc knowledge
Home Getting Started Downloads  ~ Browse/Query ~ Publications Contributors

Shapes:
URL

Predicate

University of Mannheim

university in Germany

Properties

Object

“Universitzet Ma:

*Uni Mannheim"™

“Uni Mannheim
*Uni Mannheim

LI TH TRTE T
$E% R -
mm i L
HEEN i

s s

nnheim*@da

@de

@eo

“Universitat Mannheim"@fi

“Universite de Mannheim"@fr

“Mannheim Bus

iness School'@pl

“Uniwersytet Mannheim”

“Uniwersytet w Mannheim"@pl
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Knowledge Graph Creation

A Lesson learned no. 4:
I Heuristics help increasing coverage (at the cost of accuracy)

\ I [ 4

Max. accuracy Max.coverage
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A The 2010s

i NELL: Never ending language learner
I Input: ontology, seed examples, text corpus

I Output: facts, text patterns NELL KB assertions vs. time
S00, 000
I Large degree of automation, ;.
occasional human feedback 4000 Vi
5
350,000 a1 T ,_,rf
vl /f‘ 87
. 300,000 {
A Until 2018 e o .
i Continuously ran for ~8 years 2o0.00 /
" 150,000 / i
i New release every few days ™ gﬂ// periodic human
100,000 - supervision begins
50,000 //
Jan 2010 March  July Oct
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Knowledge Graph Creation: NELL

e
%E%E; UNIVERSITY
OF MANNHEIM

Data and Web Science Group

A Extraction of a Knowledge Graph from a Text Corpus

Nine Inch Nails
singer Trent Reznoyf,

)

ba
12 singer Richard

...as stated by Filtef

pattern%> - aAy3ISNJ
bband membel(X,Y)

band_membe{Nine Inch_NailsTrent_Rezng

Q)

— P4 ...says Slipknot

— singer Corey Taylot,
44, in the interview,

conversion_tabie 1S an el ound on the Tloor
ariene arel 1sac 1ar

facts:> band_membefFilter,Richard_Patrigk
band _membefSlipknot,Corey Taylbr

Recently-Learned Facts =it Reliesh
e

M1 06jul-2018 995 22 &
M1 06-ul-2018 90 22 &
M1 064ul-2018 957 T3 &
M1 0Bjul-2018 1000 28 &
M1 06-ul-2018 914 28 &
ic_e__schmidt is a person who was written about in new_york_times 111 06-jul-2018 1000 22 &
rodin is a visual artist in the field of sculpture 1115 03-sep-2018 996 23 &
the_today_show is a company in the economic sector of news 1114 25-aug-2018 93.0 78 &
china is a country located in the geopolitical location other_countries 111 06-jul-2018 1000 %2 &
erusalem is a city |ocated in the geopolitical location israel 1114 25-aug-2018 993 J3 &
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Knowledge Graph Creation

A Lesson learned no. 5:
I Quality cannot be maximized without human intervention

\ I [ 4

Max. human intervention Max.accuracy
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Summary of Trade Offs

A (Manual) effort vs. accuracy and completeness
A User involvement (or usability) vs. degree of formality
A Simplicity vs. support for plurality and provenance

Ta

M Fff (K288 RSOA&AAZ2YE AYTFL dzS
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Browse Query Compare Download Publications Contributors Search... B

Welcome to GPTKB

A large general-domain knowledge base entirely from a large language model

100 million 6.1 million 10x
triples entities less cost
Overview

This interface presents GPTKB v1.5 (Hu et al. arXiv, 2025b), a large general-domain knowledge base (KB) entirely from a large
language model (LLM). It demonstrates the feasibility of large-scale KB construction from LLMs, while highlighting specific
challenges arising around entity recognition, entity and property canonicalization, and taxonomy construction (Hu et al. ACL,
2025a).

Based on GPT-4.1, GPTKB v1.5 contains 100 million triples for more than 6.1 million entities, at a cost 10x less than previous
KBC projects. We also provide GPTKB v1.1 for download.

GPTKB is a landmark for two fields:
e For NLP, for the first time, it provides constructive insights into the knowledge (or beliefs) of LLMs.
e For the Semantic Web, it shows novel ways forward for the long-standing challenge of general-domain KB construction.

Using the search field, you can find entities by name, and browse their triples. Alternatively, you can write SPARQL queries or
download the whole KB as a TTL file. Paper and code are also available.
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Seed Entity
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GPTKB

You are a knowledge base construction expert. Given a subject entity, return all facts that you know for the subject as a list of
subject, predicate, object triples. The number of facts may be very high, between 50 to 100 or more, for very popular subjects.

For less popular subjects, the number of facts can be very low, like 5 or 10.

Important:

- If you don’t know the subject, return an empty list.

- If the subject is not a named entity, return an empty list.

- If the subject is a named entity, include at least one triple where predicate is “instanceOf™.

- Do not get too wordy.
- Separate several objects into multiple triples with one object.

OF MANNHEIM

Data and Web Science Group

Figure 9: Prompt for knowledge elicitation.

You are an expert on named entity recognition (NER). Your task is to classify if given phrases are named entities (e.g., persons,
organizations, works of art), or not (e.g., literals, dates, URLs, verbose phrases). Each phrase is given to you in a line.

Figure 10: Prompt for named-entity recognition (NER).
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Entities 2.9M

Triples 101M

Relations 567K (788K before canonicalization)
Classes 4,715 (103K before canonicalization)
Triple objects 37M entities, 64M literals

Avg. triples/entity 35

Avg. label length 21.8 characters

Avg. outlinks 4

Subject-precision® 74% Verifiable, 9% Plausible,

17% Unverifiable
Subjects in Wikidata* 37% in WD, 63% not in WD
Triple-precision® 31% True, 61% Plausible,
1% Implausible, 7% False

* as a weighted average across layers.
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A Many companies haveir
own private knowledge graphs

i Google: Knowledge Graph,
Knowledge Vault

i Yahoo!: Knowledge Graph
I Microsoft: Satori

I Facebook: Entities Graph
|

" Thomson Reuters: permid.org
(partly public)

A However, we usually know only little about them
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Comparison of Knowledge Graphs

A Releaseycles
|
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e
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| | | | >
Instant updates: Days: Months: Years:
DBpedidive, NELL DBpedia YAGO
Freebase Cyc
Wikidata

A Size andlensity

ble 1: Global Properties of the Knowledge Graphs compared in this paper

DBpedia YAGO Wikidata| OpenCyec NELL
Version 2016-04 YAGO3| 2016-08-01|2016-09-05 08m.995
# instances 5,109,890 5,130,031 17,581,152 118,125(1.974.297
# axioms 397.831,457]1,435,808.056(1.,633.309,138| 2.413.894|3,402,971
avg. indegree 13.52 17.44 9.83 10.03 5.33
avg. outdegree 47.55 101.86 41.25 9.23 1.25
# classes 754 576,331 30,765 116,822 290
# relations 3.555 93,659 11,053 165 1.334

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Grafansipn06.10.205
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Comparison of Knowledge Graphs
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mﬁ'hjstances

DBpedia YAGO Wikidata BabelNet

5,044,223 6,349,359 52,252,549 7,735,436

# Assertions 854,294,312 | 479,392.870 | 732,420,508 | 178,982,397
Avg. linking degree 21.30 48.26 6.38 0.00
Median ingoing edges 0 0 0 0
Median outgoing edges 30 95 10 9
# Classes 760 819,292 2,356,259 6,044,564
# Relations 1355 77 6,236 22
Avg. depth of class tree 3.51 6.61 6.43 411
Avg. branching factor of class tree 453 8.48 36.48 71.0
Ontology complexity SHOFD SHOIF SOD SO
Cyc NELL CaLiGraph Voldemort

# Instances 122,441 5,120,688 7,315,918 55,861
# Assertions 2,229,266 60,594,443 | 517,099,124 693,428
Avg. linking degree 3.34 6.72 1.48 0
Median ingoing edges 0 0 0 0
Median outgoing edges 3 0 1 5
# Classes 116,821 1,187 755,963 621
# Relations 148 440 271 294
Avg. depth of class tree 5.58 3.13 4.74 3.17
Avg. branching factor of class tree 5.62 6.37 4.81 5.40
Ontology complexity SHOIFD SROIF SHOD SH

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Grafansipn06.10.205
Heist, Hertling, Ringler Raulheim Knowledge Graphs on the Welan Overview. 2020
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A What do they actually contain?

A Experiment: pick 25 classes of interest
I And find them in respective ontologies

A Count instances (coverage)
A Determine in and out degree (level of detail)
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Comparison of Knowledge Graphs

DYWON
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(a) Number of instances
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(b) Average indegree
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Person
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(c) Average outdegree
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A Summary findings:

I Persons: more iWVikidata
(twice as many persons &Bpediaand YAGO)

I Countries: more details iwWikidata
I Places: most ibBpedia

I Organizations: most in YAGO

I Events: most in YAGO

T Artistic works:
A Wikidatacontains more movies and albums
A YAGO contains more songs
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Caveats

AwSI RAY3 (KS AN Ya NRIKOX

DY WON DY WON DY WON
Person Person Person
Politician Politician Politician
Athlete Athlete Athlete
Actor Actor Actor
N B

3M 0 70k 0 1k 0

(a) Number of instances (b) Average indegree (c) Average outdegree

A So,Wikidatacontains more persons
I but less instances of all the interesting subclasses?

A There are classes likctorin Wikidata

I but they are hardly used
I rather: modeled usingrofessiorrelation
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Caveats

AwSIFRAY3I (KS RBd) AN Ya NAIKIX 6

DY WON DY WON ID Y WO N
Place Place Place
Settlement Settlement Settlement
Country Country Country

(a) Number of instances (b) Average indegree (c) Average outdegree

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

A First:Wikidataonly counts current, actual countries
i DBpediaand YAGO also count historical countries

A ayDm O2yulAya tSaa 2F - GKFYy YDH

I It actually contains less instances of X

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

A Second: we count single facts about countries
I Wikidatarecords some time indexed information, e.g., population

i Each point in time contributes a fact
University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Grafansipn06.10.205 44
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A How largely do knowledge graphs overlap? @
A They are interlinked, so we can simply count links

I For NELL, we use links to Wikipedia as a proxy

DBpedia
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A How largely do knowledge graphs overlap? @
A They are interlinked, so we can simply count links

I For NELL, we use links to Wikipedia as a proxy
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A Links between Knowledge Graphs are incompleze/@

i The Open World Assumption also holds for interlinks

A But we can estimate their number
A Approach:

I Find link set automatically with different heuristics
I Determine precision and recall on existing interlinks
I Estimate actual number of links
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A Idea: |
I Given that the link set F is found \

I And the (unknown) actual link set would be C

A Precision P: Fraction of F which is actually correct
I l.e., measures how much |F| mverestimating |C]|

A Recall R: Fraction of C which is contained in F
I 1.e., measures how much |F| isnderestimating |C|

A From that, we estimat¢d| [Qz 02z -
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A Mathematical derivation: @
I Definition of recall’Y | |
|| unknowa

i Definition of precision® %

A Resolve both t¢"O |, substitute, and resolve t |
61 Qe Gz,

A The existing links are used to compute precision and recall
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A Experiment: |
T We use the same 25 classes as before \

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

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

A Link generation with 16 different metrics and thresholds
I Intra-class correlation coefficient for |C|: 0.969
I Intra-class correlation coefficient for |F|: 0.646

A Bottom line:
I Despite variety in link sets generated, the overlap is estimated

reliably
I The link generation mechanisms do not need to be overly accurate
University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Grafansipn06.10.205 50
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Overlap of Knowledge Graphs
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(a) Overlap as potential gain
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(b) Overlap relative to existing links
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A Summary findings: @
I DBpediaand YAGO cover roughly the same instances

(not much surprising)
I NELL is the most complementary to the others
I Existing interlinks are insufficient for ecaf-the-box parallel usage

Overlap of Knowledge Graphs
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Intermezzo:. Knowledge Graph
Creation Cost

A There are quite a few metrics for evaluating KGs
I size, degree, interlinking, quality, licensing, ...

Zaveri et al.: Quality Assessment for Linked Open Data: A Survey. Farberet al.: Linked data quality @Bpedia
SWJ 7(1), 2016 FreebaseQpenCycWikidatg and YAGO
SWJ 9(1), 2018
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