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Previously on “Knowledge Graphs”

* Principles:
— RDF, RDF-S, SPARQL & co
— Linked Open Data

* Today
— A closer look on actually existing knowledge graphs
— Some useful, large-scale resources
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Introduction

 Knowledge Graphs out there
(not guaranteed to be complete)

Name Instances Facts Types | Relations

— public

— private
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Knowledge Graph Creation: CyC

* The beginning
— Encyclopedic collection of knowledge
— Started by Douglas Lenat in 1984

— Estimation: 350 person years and 250,000 rules
should do the job
of collecting the essence of the world’s knowledge

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

e Lesson learned no. 1:

— Trading efforts against accuracy

Min. efforts Max. accuracy
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+ The 2000s —

— Freebase: collaborative editing re :ree base

— Schema not fixed

e Present | coming up soon:
was it a good deal or not?

— Acquired by Google in 2010
— Powered first version of Google’s Knowledge Graph
— Shut down in 2016

— Partly lives on in Wikidata (see in a minute)
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Knowledge Graph Creation: Freebase

* Community based Arnold Schwarzenegger -

° Ll ke W| kl ped |a, €2 Discuss "Amold Schwarzenegger” F2 Show Empty Fields
.= Tvpes: FPerson(People), US Politician (Govermmenty, Film
but more structured

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

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 8
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Knowledge Graph Creation

e Lesson learned no. 2:

— Trading formality against number of users

Max. user involvement Max. degree of formality
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* The 2010s
— Wikidata: launched 2012
— Goal: centralize data from Wikipedia languages

— Collaborative
WIKIDATA

— Imports other datasets

* Present

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

— Includes rich provenance
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Knowledge Graph Creation: Wikidata &

* Collaborative editing

- I Heiko Paulheim - Wikidata X [

< ¢ @

WIKIDATA

Main page
Community portal
Project chat
Create a new item
Recent changes
Random item
Query Senvice
MNearby

Help

Donate

Tools

What links here
Related changes
Special pages
Permanent link
Page information
Concept URI
Cite this page

® @ https//

ltem Discussion

wirnoes  HERITA

manuments

- a
wikidata.org/wiki/Q23709849 LU I+ 4 N @

5 English & Notlogaedin Talk Contributions Create account Login

Read View history Search Wikidata Q -

Warning: You are not logged in. Your
IP address will be recorded in the
edit history of this entity.

Heiko Pau]heim (Q23709849)

computer scientist

~ In more languages *
Language

English
German
French

Bavarian

All entered languages

Statements

instance of

https:/fwww.wikidata.org/wiki/(188784

& edit
anfigure
Label Description Also known as
Heiko Paulheim computer scientist
Heiko Paulheim Informatiker

Heiko Paulheim

Heiko Paulheim

human & edit

~ 0 references

+ add reference

a
BEISUPF—‘WNU—I + publish X cancel @

superhero

type of stock character usually pos: g "supernatural or superhuman powers” and dedicated to protecting the public

Superhero
Brian McKnight album

Superhero
episode of The Tomorrow People (S1 E16)

Superhero
2 Stephen Lynch album
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Knowledge Graph Creation: Wikidata

* Provenance
-||||HE\knPau\ha\m-Wlk\data b+ = m}

&« c o © & htt w.wikidata.org/wi - @ e =
T uiTiEiTiies n
+ add refe . .
Warning: You are not logged in. Your
IP address will be recorded in the
+ addvall et history of this entity.
employer University of Mannhej # edit
~ 1 reference
reference URL http://dws.informatik.uni-
mannheim.de/en/people
Jprofessors/dr-heiko-paulheim/
+ add reference
+ add value
academic degree § Doctor of Science £ edit

~ 0 references
+ add reference

+ add value

participant of 9th Extended Semantic Web Conference # edit

erence

reference URL http-/ivideolectures net
feswc2012_paulheim_linked_data/

retrieved 31 October 2017

+ add reference

+ add value

official website http:/iwww heikopaulheim.com/ # edit

- 0 references
+ add reference

+ add value

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 12
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Knowledge Graph Creation

* Lesson learned no. 3:

— There is not one truth (but allowing for plurality adds complexity)

Max. simplicity Max. support for plurality

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 14



e
F UNIVERSITY

Knowledge Graph Creation: 8O MANNHEIM
DBpedia & YAGO

e The 2010s
— DBpedia: launched 2007
— YAGO: launched 2008

— Extraction from Wikipedia
using mappings & heuristics

* Present

— Two of the most used knowledge graphs E —
— Next to Wikidata select knowledge

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 15
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Wikipedia as a Knowledge Graph

W University of Mannheim - Wiki; X + - o X
“« C 9D @ Mannheim B o= 0ty @ B & =
& HeikoPaulheim ._. D Talkk Sandbox Beta Watchist C Log out
Article  Talk Read Edit View history Search Wikipedia Q
=, . . .
WixieepiA  University of Mannheim
‘The Free Encyclopedi
Pusa Encyclopace From Wikipedia, the free encyclopedia Coarsinates: (g 5 2R00N BaTEE
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
Contribute full-time students, 907 academic staff, with 194 professors, and a total income of around €123 million. 21" It is organized into five schools and two graduate colleges
= 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) S
Tools . SiTir W N
1.1.3 University of Mannheim (1967) sk Wy
eal of the
What links here 1.2 21st century
Related changes Motto In Omnibus Veritas Suprema
Special pages LS Lex Esto {Latin)
Permanent link 2 S BT CEET T by 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 tem 4 Academic profile Established 1967; 54 years ago
. 4.1 Research institutes and affiliates T
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 (“‘""”’[_j
inistrati 7 (ful ]
Wikimedia Commons. 5.3 Traditions .:'d‘nm:stratrve GHITInT,
Languages o SRRl ) Students 12,000 (H#s 20202042
5.3.2 Schneckenhof Parties 21
Dansk Undergraduates  7,173K1
6 Notable alumni and faculty members
Deutsch Postgraduates 4,821
. 7 Seealso .
Espariol Doctoral 79312
Francais 8 Notes and references students
Hrvatski 9 Further reading Location Mannheim, Baden-
Raliano 10 Exernal links Wilrttemberg, Germany
Nederiands €@ 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 College for Economics Mannheim and renamed Universitv of Mannheim in 1967.14! Affiliations AACSB; AMBA; CFA Institute; S
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Wikipedia as a Knowledge Graph

city

state

campus
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* Mapping to a central schema/ontology

University of Mannheim
subclass of
Agent

subclass of

Universitit Mannheim

\\.S\hl S vy
o ’

1l %

=
‘

O b

" 'E'D" -

7 L) S
o Z, s \\\'

subclass of

“» <
Strgr mM
Seal of the UMA

Motto In Omnibus Veritas Suprems
Lex Esto (Latn)

Motto in English  Truth in everything should be
the suprems law

Type Public

Established 1967. 54 years ago

Budget

€123 million!!
Barbara Windscheid

eeeee Thomas Puh

907 (full time)!!

Administrative 617 (full time)"’

chancellor

Students 12,000 (Hvs 2020272
Undergraduates  7,173l2

Postgraduates 4,828l2

Doctoral 79312
tudents
Location Mannheim, Baden-
Wirttember mi
il range
Gl ' campus
acres (0.3 k)%
Colors Mannheim Blue and White
Affiliations AACSB; AMBA; CFA Institute
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{{Infobox university

University of Mannheim

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 Graphs | Public Knowledge Graphs | Version 16.10.2024

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]
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|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>
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Extraction Manager
Input Parsing Extraction Output
Wikipedia Dump Wiki ( Label ) (Dump wessm) | DBpedia
¢ oo khSr::nﬂurf.:e Parser Sink Dump
o )) » Geo T 3
A3 (APl ) = . A
E g‘;'"ce N [MHPPIHS I gf"‘f{m o |Triple Store
| e - Virtuoso 6
Oy || — | 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

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 21



Author
Language
Genre
Publisher

DBpedia

Tenth of December

GEORGE
SAUNDERS

US release cover

George Saunders

English

Short story

Publication date Januayf

Publication place  Unj€d States

Media

University of

{{Infobox book

| name = Tenth of December

| author = [[George Saunders]]
| language = English

| country = United States

| genre = [[Short story collection]]
| publisher = [[Random House]]
| isbn = @512993802

| image = Tenth of December.ipg
| caption = US release cover

| relesse date = January 8, 2813
|

= Print (hardcover)

Read more abolg mapping Wikipedia templates.

Template Mapplng (help)

map to class Book
Mappings

Property Mapping Yhelp)

template property names
ontelogy property foafname

Property Mapping (hel)

template property genre

ontology property literaryGenre
roperty Mapping (help)

template property pages

ontology property numberOfPages

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

Falio 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

@Elofpagg . 208 (xsd:positwel@
® 785558855
dbe:publisher * dbrRandom House
dbo:releaseDate ® 2013-01-08 (xsd:date)
lersion 16.10.2024 22
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« Wikipedia categories for types )

entity, phy sical thing

— Plus WordNet as upper structure

object, phy sical object

* Manual mappings for properties
lart oz mechunilﬂice cch-c- \:kin

plant root sprinkler /
/ \ birdcage hutch

carrot radish squirrel cage

Figure 1. "is a" relation ex ample

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 24
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Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe ;lglﬂ
Max-Plande-Institut fir Infor... X  ERETeoRE =TT
\ (' | @ https://gate,d5.mpi-inf.mpg.de/webyago3spotlx Browser?entity = <Mannheim> c | | Q, suchen | ‘ﬁ' E ¥+ @& 4 @' =
<Mannheim>
« =Reinhard_Butikofer= "Metropolregion Rhein-Neckar"@eil
«— <Umit_Davala> "World's 15 Most Inventive Cities"@—
« =<Hans_Martin_Pippart> "The Manhattan of Germany: the in
«— =de/Klaus_May= "The rise of the smart city"@eng
«— <Werner_Catel= "Germany and the Second World W
«— =de/Fntz_RoRling= "Ausgabe der Klimadaten: Monatsv
« =Reinhold_Fanz= "Press release announcing the mer
+ =Peter_Dreher= "FEI European Jumping Champion:
«— <Hans-Jurgen_Boysen= "Partner und Freundesstadte"@en
«— <Albert_Speer= - "Orase infratite (Twin cities of Mins|
— =Manuel_Gulde= <hasCitafionTitle= "Swansea - Wales :Mannheim.de"¢
— <Caroline_Augusta_of Bavaria=
«— =Reiner_Hollich= <S_epp_Herberger>
+«— <Ludwig_Landmann= =Jiangsu=
«— <Timo_Zahnleiter= =Prince-elector=
«— <Jochen_Hecht> =Karl_Benz=
«— =Carolin_Leonhardt> <Frankfurt>
— =de/Mark_Etz= =Dennis_Siver=
« <=Max_Noether= <Uwe_Rahn>
— =de/Marc_Hemmerich> <wasBomin> <Jochen_Hecht=
Search: [ [eng = <id_1ubSxrvs_1ul_zxcbb2>
=Miroslav_Klose> <playsFor= <FC_Bayern_Munich= hasFactld | <http-//en wikipedia org/wiki/Miroslav_Klose> —
<extractionSource=  <nttp-/fen wikipedia org/wiki/Miroslav_Klose= —
<occursUntil> "2011 - " xsd date —

<occursSince> "2007-##-+#""xsd date —
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Knowledge Graph Creation

e Lesson learned no. 4:

— Heuristics help increasing coverage (at the cost of accuracy)

&

Max. accuracy Max. coverage
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Knowledge Graph Creation: NELL

* The 2010s

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

— Output: facts, text patterns coos,  NELLKB assertions vs. time
— Large degree of automation, ABYO00
occasional human feedback 400,000 f/
350,000 71 ,,rf
i 300,000 “/T f/‘ 87
* Until 2018 s _?5// [ A
— Continuously ran for ~8 years  zo0000 /- .
v
— New release every few days 150,000 .gn// parodic human
100,000 supervision begins
50,000 /
L
Jan 2010 March  July Ot
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Knowledge Graph Creation: NELL
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e Extraction of a Knowledge Graph from a Text Corpus

Nine Inch Nails

patterns>

singer Trent Reznor,

...as stated by Filter
singer Richard

“Xsinger Y”
- band_member(X,Y)

Pal | says Slipknot

singer Corey Taylor,
44, in the interview.

facts :>

band_member(Nine_Inch_Nails, Trent_Reznor)
band_member(Filter,Richard _Patrick)
band member(Slipknot,Corey Taylor)

\-/— instance

Recently-Learned Facts =it Reliesh
iteration date learned confidence

conversion_table is an item found on the floor 111 06-jul-2018 995 22 &
arlene_martel is a commedian 111 06-jul-2018 90 22 &
cigar_rights is a socio-political term 1M 06-jul-2018 957 {é Qr—'
linton_zoological_gardens is an aguarium 111 06-jul-2018 1000 28 &
robb_miller coaches a sports team 111 06-jul-2018 914 25 &
eric_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: NELL ®
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Knowledge Graph Creation

e Lesson learned no. 5:

— Quality cannot be maximized without human intervention

Max. human intervention Max. accuracy
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Summary of Trade Offs

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

— all those decisions influence the shape of a knowledge graph!
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 Many companies have their
own private knowledge graphs

— Google: Knowledge Graph,
Knowledge Vault

— Yahoo!: Knowledge Graph
— Microsoft: Satori
— Facebook: Entities Graph

— Thomson Reuters: permid.org
(partly public)

 However, we usually know only little about them

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 33
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Comparison of Knowledge Graphs
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e
&

* Release cycles
] ] ] ] >
| | | |
Instant updates: Days: Months: Years:
DBpedia live, NELL DBpedia YAGO
Freebase Cyc
Wikidata

e Size and density

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 Graphs | Version 16.10.2024

Ringler & Paulheim: One Knowledge Graph to Rule them All? KI 2017
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mﬁ'h’]stances

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 Graphs | Version 16.10.2024
Heist, Hertling, Ringler & Paulheim: Knowledge Graphs on the Web — an Overview. 2020
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 What do they actually contain?
* Experiment: pick 25 classes of interest

— And find them in respective ontologies

 Count instances (coverage)

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

DYWON

Person
Politician
Athlete
Actor

Gowernment Org.
Company
Political Party

Place
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Book
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Ship
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Military Conflict
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Sports Event

Chemical Substance
Astronomical Obj.
Planet

3M 0

(a) Number of instances

Person
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Person
Paolitician
Athlete
Actor

Government Org.
Company
Paolitical Party

Place
Settlement
Country

Work
Album
Song
Mowvie
Book

Car
Ship
Spacecraft

Event

Military Conflict
Societal Event
Sports Event

Chemical Substance
Astronomical Obj.
Planet

H
1k 0

(c) Average outdegree

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024
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Comparison of Knowledge Graphs

e Summary findings:
— Persons: more in Wikidata
(twice as many persons as DBpedia and YAGO)
— Countries: more details in Wikidata
— Places: most in DBpedia
— Organizations: most in YAGO
— Events: most in YAGO

— Artistic works:
* Wikidata contains more movies and albums
* YAGO contains more songs

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 38
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Caveats

* Reading the diagrams right...

Person
Palitician
Athlete
Actor

DYWON
HE BN
3M 0

(a) Number of instances

Person
Politician
Athlete
Actor

-l

70k

(b) Average indegree

* So, Wikidata contains more persons

— but less instances of all the interesting subclasses?

e
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Person
Politician
Athlete
Actor

1k

(c) Average outdegree

e There are classes like Actor in Wikidata

— but they are hardly used
— rather: modeled using profession relation

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024
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 Reading the diagrams right... (ctd.)

DY WON DY WON D Y WO N
Place Place Place
Settlement Settlement Settlement
Country Country Country
(a) Number of instances (b) Average indegree (c) Average outdegree

So, Wikidata contains more data on countries, but less countries?
First: Wikidata only counts current, actual countries

— DBpedia and YAGO also count historical countries
“KG1 contains less of X than KG2” can mean

— it actually contains less instances of X

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

Second: we count single facts about countries

— Wikidata records some time indexed information, e.g., population

— Each point in time contributes a fact
University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024
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* How largely do knowledge graphs overlap? @
* They are interlinked, so we can simply count links

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

Overlap of Knowledge Graphs

DBpedia

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 41
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* How largely do knowledge graphs overlap? @
* They are interlinked, so we can simply count links

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

Overlap of Knowledge Graphs

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 42
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* Links between Knowledge Graphs are incomplete
— The Open World Assumption also holds for interlinks \

e But we can estimate their number

* Approach:
— Find link set automatically with different heuristics
— Determine precision and recall on existing interlinks
— Estimate actual number of links

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 43
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* |dea: |
— Given that the link set F is found \

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

Overlap of Knowledge Graphs

* Precision P: Fraction of F which is actually correct

— i.e., measures how much |F| is over-estimating | C|

Recall R: Fraction of C which is contained in F

— i.e., measures how much |F| is under-estimating | C|

. 1
From that, we estimate |C| = |F| = P -

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 44
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e Mathematical derivation: @
— Definition of recall: R = [Feorrectl
ICI unknownj

|Fcorrect|
|F|

Overlap of Knowledge Graphs

— Definition of precision: P =

* Resolve both to |F,.,,rect| , SUbstitute, and resolve to |C|
Cl = |F| P s
Cl=IF| P x>

* The existing links are used to compute precision and recall

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 45
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* Experiment: |
— We use the same 25 classes as before \

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

Overlap of Knowledge Graphs

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

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

e Bottom line:

— Despite variety in link sets generated, the overlap is estimated
reliably

— The link generation mechanisms do not need to be overly accurate
University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 46
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Overlap of Knowledge Graphs
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(a) Overlap as potential gain
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D2Y D2W D20 D2ZN Y2W Y20 Y2N W20 W2N O2N

Person
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Place
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Work
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(b) Overlap relative to existing links
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e Summary findings: |
— DBpedia and YAGO cover roughly the same instances \

(not much surprising)

Overlap of Knowledge Graphs

— NELL is the most complementary to the others
— Existing interlinks are insufficient for out-of-the-box parallel usage

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 48
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Intermezzo: Knowledge Graph

reation Cost

e
&

* There are quite a few metrics for evaluating KGs

— size, degree, interlinking, quality, licensing, ...

Framework with an cxample: weighting which would he reasonablc

Tuble 14

For a user selling as given in [30].
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Table 2
Data quality metrics related to accessibility dimensions (type QN refers to a quantitative metric, QL to a qualitative one).
Dimension Abr| Metric Description Type
Al | accessibility of the SPARQL end- | checking whether the server responds to a SPARQL query [18] | QN
point and the server
Availability | AZ | accessibility of the RDF dumps | checking whether an RDF dump is provided and can be down- | QN
loaded [18]
A3 | dereferenceability of the URT checking (i) for dead or broken links i.e. when an HTTP-GET | QN
request is sent, the status code 104 Not Found is not be re-
turned (ii) that useful data (particularly RDF) is returned upon
lookup of a URI, (iii) for changes in the URI i.e the compli-
ance with the rec ded way of impl ing redirections
using the status code 303 See Other [18,30]
A4 | no misreported content Lypes deteet whether the HTTP response contains the header ficld | QN
stating the appropriate content type of the retumned file e.g.
application/rdf+xml [30]
A5 | dereferenced forward-links dereferenceability of all forward links: all available triples | QN
where the local URI is mentioned in the subject (i.e. the de-
scription of the resource) [31]
L1 ‘hi dable indication of a | d of the indication of a license in the VoID description | QN
Licensing license or in the dataset itself [18,31]
L2 | human-readable indication of a | detection of a license in the documentation of the dataset [18, | QN
license 31]
L3 | specilying the correct license detection of whether the datasel is attributed under the same | QN
license as the original [18]
n detection of good quality inter- | (i) detection of (a) interlinking degree, (b) clustering coeffi- | QN
Interlinking links cient, (¢) centrality, (d) open sameAs chains and (c) description
hness through sameAs by using network measures [25], (i)
via crowdsourcing [1,65]
12 | existence of links to external data | detection of the existence and usage of external URIs (e.g. us- | QN
providers ing owl : sameAs links) [3
13 dereferenced back-links detection of all local in-links or back-links: all wiples from a | QN
dataset that have the resource’s URI as the object [31]
Seeurit 51 | usage of digital signatures by signing a di ining an RDF serializati a | ON
secunty SPARQL result set or signing an RDF graph [13,18]
52 | authenticity of the dataset verifying authenticity of the dataset based on a provenance vo- | QL
cabulary such as author and his contributors, the publisher of
the data and its sources (if present in the dataset) [18]
P1 | usage of slash-URIs checking for usage of slash-URIs where large amounts of data | QN
is provided [ 18]
Performance 55 [ jor Tatency (minimum) delay between submission of a request by the user | QN
and reception of the response from the system [18]
P3 | high throughput {maximum) no. of answered F P-requests per second [18] QN
P4 scalability of a data source detection of whether the time to answer an amount of ten re- | QN
quests divided by ten is not longer than the time it takes to an-
swer one request [ 18]

Dimension Metric DBpedia  Freehase OpenCyc  Wikidata YAGO  Example of User
Weighting w:
Accuracy e 1 1 1 1 1 1
L 0.994 1 1 1 0.624 1
Moemieipe 1 1 1 1 1
Trustworthincss P— 05 05 1 075 025 1
M fact 05 1 0 1 1 2
Movar 0 1 0 1 0 1
Consistency Moncokressr 0 1 0 1 o 1
MconCians 0.875 1 0.999 1 0333 1
MconRetat 0.991 045 i o 0.992 i
Relevancy i Ranking 0 0 0 1 ] 1
Completeness MeSchema 0.905 0762 0921 1 0952 1
Mecal 0402 0425 0 0285 0332 1
MicPon 093 094 048 099 089 3
Timeliness T 05 0 025 1 025 3
TV alidity o 1 0 1 1 1
MChange 0 1 0 o o 1
Ease of understanding M pecr 0704 0972 1 09999 1 3
Mtang 1 1 0 1 1 2
TuSer 1 1 0 1 1 1
murar 1 05 1 o 1 2
Tnteroperability Wiy i 05 05 o 05 i
MiSorint 1 ] 05 1 1 2
—— 0.61 0.108 0415 0.682 0.134 2
[Lrm—— 015 0 0513 0.001 ] 1
Accessibility Mperer 1 0437 1 0414 1 2
MAvai 09961 09998 1 09999 07306 2
msparQL 1 0 0 1 1 1
M Baport 1 1 1 1 1 0
M Negot 05 0 0 1 1 1
myrmL_por 1 1 0 1 1 [
Mareen 1 0 1 o o 1
Licensing Moactieonse | 0 0 1 0 1
Interlinking Mirnae 0592 0018 0443 o 0305 2
murr. 0920 0954 059 0957 0.956 1
Unweighted Average 0708 0605 0498 0738 0.625
Weighted Average 0718 0575 0516 0742 0.646

Zaveri et al.: Quality Assessment for Linked Open Data: A Survey.

SWJ 7(1), 2016

Farber et al.: Linked data quality of DBpedia,
Freebase, OpenCyc, Wikidata, and YAGO

SWJ 9(1), 2018
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Intermezzo: Knowledge Graph
Creation Cost

e ..but whatis the cost of a single statement?

/f é’} ’ -~ \\
3 A0

15 2=

7 § |

3 33 -

?c_,

 Some back of the envelope calculations...
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Intermezzo: Knowledge Graph SO MANKHE M
Creation Cost

e (Case 1: manual curation

— Cyc: created by experts
Total development cost: $120M
Total #statements: 21M

- $5.71 per statement

— Freebase: created by laymen
Assumption: adding a statement to Freebase
equals adding a sentence to Wikipedia

* English Wikipedia up to April 2011: 41M working hours
(Geiger and Halfaker, 2013),

e sizein April 2011: 3.6M pages, avg. 36.4 sentences each

* Using US minimum wage: $2.25 per sentence acquisition by Googlil
— $2.25 per statement estimated as $60-300M

(Footnote: total cost of creating Freebase would be $6.75B)

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 51
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Creation Cost

e (Case 2: automatic/heuristic creation
— DBpedia: 4.9M LOC, 2.2M LOC for mappings

software project development: ~¥37 LOC per hour
(Devanbu et al., 1996)

we use German PhD salaries as a cost estimate

- 1.85c¢ per statement
— YAGO: made from 1.6M LOC
uses WordNet: 117k synsets, we treat each synset like a Wiki page
- 0.83c per statement
— NELL: 103k LOC
- 14.25¢ per statement

e Compared to manual curation: saving factor 16-250

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 52
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Error Rate

Intermezzo: Knowledge Graph
Creation Cost

* Graph error rate against cost
— we can pay for accuracy
— NELL is a bit of an outlier

1
NELL
0.1 ]
DBpedia
0.01 0 ]
YAGO
0
0 0.01 0.1

Cost (USD/Triple)

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024
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Enhancing the Coverage of Knowledge
Graphs

* Study for KG-based Delicious Bookmarks
Reco m m e n d e r Syste m S * 105,000 bookmarks from 1867 users.
— DBpedia (likewise: YAGO)

+» README txt
+ hetrec?011-delicious-2k.zip

has a coverage of Last.FM
° 85% for movies 92 800 artist listening records from 1892 users.
. . « README ftxt
* 63% for music artists « hetrec2011-lastim-2k zip

. 0
31% for books MovieLens + IMDb/Rotten Tomatoes

86,000 ratings from 2113 users.

+» README txt
+ hetrec?2011-movielens-2k.zip

https://grouplens.org/datasets/

University of Mannheim | IE650 Knowledge Graphs | Public Knowledge Graphs | Version 16.10.2024 54
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Enhancing the Coverage of Knowledge /o ity
Graphs

* Only existing pages have Delicious Bookmarks
. 105,000 bookmarks from 1867 users.
categorles

— Lists may also link to
non-existing pages

List of intelligent dance music artists

From Wikipedia, the free encyclopedia

+» README txt
+ hetrec?011-delicious-2k.zip

I @ This section does not cite any sources. Please help improve this section by adding ci

Find sources: "List of intelligent dance music artists™ — news - newspapers - books - scholar - JSTOR)|

This is a list of notable music artists who play intelligent dance music (IDM) genre.

Contents [hide]
1#
2 AK
3L
4 References
« README txt
# [edt] + hetrec2011-movielens-2k.
« 506 State
. p-zig
.
https://grouplens.org/datasets/
A-K [edit]
» Actress « Benn Jordan « Casino Versus Japan s Dopplereffekt s Funkstorung » Jan Jelinek
» Acustic » Biosphere » Ceephax Acid Crew e Chris Douglas  The Future Sound Of DNgdon « Jega
« Air Liquide « Bjorkl1l . Cex « Drexciya . Gas « Jello
« Alarm Will Sound » The Black Dog » Christ « Eight Frozen Modules » Gescom = Jiin
» Alva Noto » Blanck Mass » Chris Clark » Emptyset « Global Communication « John Tejada
« Amon Tobin « Boards of Canada « Clocolan » Esem » Global Goon » Jon Hopkins!)
= Andy Stott = Bochum Welt = Cylob « FaltyDL « Goldie = Kettel
« Aphex Twin « Boom Bip « Daedelus « Fennesz « Zachary Grayl2l « Kevin Blechdom
= Apparat « Brothomstates « Deadbeat « The Field « Gridlock « Kid60e
« Arovane « Burial « Deepchord « The Flashbulb « Himuro Yoshiteru « Kodomo
» Atypic « Bvdub « Demdike Stare « Floating Points « Kim Hiorthay « Koreless]
« Autechre . C418 « Deru « Flying Lotus « | am Robot and Proud

s B12 e Cabaret Voltaire » Richard Devine s Forest Swords s Innovaders


https://grouplens.org/datasets/

Entity Extraction

e Lists form (shallow) hierarchies

Lists of writers

From Wikipedia, the free encyclopedia

The following are lists of writers:

= Bestsellers = Cricket
+ Biographers « Crime
« Buddhism « Detective fiction
« Business theorists « Drama
» Catholicism « Essays
» Children’s literature = Fantasy
+ Christian fiction « History
Top of page

Contents [hide]
1 Lists by language (non-English)
2 Lists by ethnicity or nationality
3 Lists of women writers and works
4 Lists by publisher
5 See also
6 External links

Lists by language (non-English) [eadit)

« Ancient Greek « Dutch

= Arabic = French

+ Bengali « German

« Catalan » Gujarati

» Chichewa = Greek
Top of page

Lists by ethnicity or nationality |edit]
« African writers = Barbadian writers

» African-American writers » Beninese writers

« Albanian writers » Black British writers
« Algerian writers » Bosniak writers
« American writers « Brazilian writers

= Arab American writers » Canadian writers

» Armenian authors » Chinese writers

e Historical novels » Mon-fiction

« Horror fiction » Movels

« Horsemanship « Occult

o lllustrations « Plays

« Manga » Postry

e Music theary » Politics

* Mysteries » Role-playing games
« Hebrew « Marathi

« Hindi = Mepali

e Leonese + Odia

= Lithuanian « Pukhto or Pashto
« Malayalam » Persian

= English writers  Irish writers

« Egyptian writers « ltalian writers

« Georgian writers « Jewish American writers
« German writers « Kenyan writers

« Ghanaian writers « Korean American writers
= Greek writers = Macedonian writers

» Guyanese writers « Mexican writers

from List Pages

e
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Data and Web Science Group

= Romantic novels e Translations
« Science fiction « Western fiction
= Self-help « Young adult

« Short stories
= Software
= Technical writers

« Thrillers

= Palish « Tamil

« Portuguese « Turkish

« Russian e Urdu

« Spanish o Welsh

= Swedish

» Mepali writers « Romanian writers
» New Zealand writers « Russian authors
« Migerian writers « Scottish writers
» Morwegian writers « Serbian writers
« American novelists « Slovak authors

= Pakistani writers e Slovenian writers

» Peruvian writers « Somali writers
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Entity Extraction from List Pages

* |dea: Align with category graph

* Equivalence:

— “List of Japanese Writers” H‘”‘*/T\
<> Category:Japanese Writers : :

e Subsumption:

— “List of Japanese
Speculative Fiction Writers”
— Category:Japanese Writers
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Classifying Red Links

° N ot a I I entitles on a |ISt page . z?trizz A;lakhus (1952-2012), The Voyage of Mael Duin's Gurragh

be|ong to the same category + Edward Abbey (1927-1989), The Monkey Wrench Gang

» Lynn Abbey (born 1948), Daughter of the Bright Moon

° Id ea: » Belle Kendrick Abbott (1842-1893), Leah Mordecai
+ Eleanor Hallowell Abbott (1872-1958), poet, novelist and short story
— Learn classifier to tell subject writer

» Hailey Abbott, Summer Boys
« Megan Abbott (born 1971), Die A Little
» Shana Abé, A Rose in Winter

y DISta nt Iea rni ng d pproaCh » Louise Abeita (1926-2014), Mative American Isleta Pueblo writer, /

am a Pueblo Indian Girl
« Robert H. Abel (1941-2017)

* Entities that are in the + Aberjhani

corresponding categor « Walter Abish (born 1931), How German Is It
P g gory » Abiola Abrams (born 1976), TV host, art filmmaker and author, Dare

entities from non-subject entities

— Positive examples:

— Negative exam ples + Diana Abu-Jaber (born 1960), Arabian Jazz
o ) » Susan Abulhawa, Momings in Jenin
* Entities that are in a category » Kathy Acker (1947-1997). Blood and Guts in High School
which is dlSjOlnt « Cherry Adair, Black Magic

» Alice Adams (1926—1399). Beautifu! Gir

° e.g. <> Wri
€.8- Book Writer « Victoria Aveyard (born 1990), Red Queen series
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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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Categories

C dbo:Album

Albums
by artist

The
Beatles
albums

The Doors
albums

C dbo:artist.{dbr:Nine_Inch_Nails} C dbo:genre.{dbr:Rock_Music}
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Cat2Ax: Axiomatizing Wikipedia BCEMANN 1k v
Categories

Albums
by artist

. 1
The Nine ) Inoh The Doors Pop | Rock I Reggae
...| Beatles Nails | .
albums albums Il albums albums
albums albums L |

C dbo:genre.{dbr:Rock_Music}
C dbo:genre.{dbr:Rock_(Rapper)}
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Cat2Ax: Axiomatizing Wikipedia
Categories

Albums
by artist

Albums
by genre

‘ |
N T:? nge_iDCh' The Doors Pop | Rock :
.. ea es aills albums albums I albums I
albums albums L I

* 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?
e 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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CalLiGraph Example

rdfs:label

owl:3ameAs

clgo:activeYearsStartYear

clgo:genre

clzo:hometown

¢ Tiamat

¢ dbr:Tiamat_(band)

UNIVERSITY
OF MANNHEIM

Data and Web Science Group

s 1037 / —

in 1987

— Category: Musical Groups established )

¢ Symphonic metal <

List of symphonic metal bands

= S“-Eden \

List of Swedes in Music

—  Category: Swedish death metal bands

—
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Pushing Entity Coverage Further &

 Beyond red links (2020) .

Cinematic films

Beyond explicit lists (2021)

Members |edi]

Title Running time Year released Notes « Jurgen Engler — vocals, guitar, keyboards, synthesizers and programming, metallic percussion (19801985, 19891997, 2005—present)
Amra Ekta Ginema Banabo (The Innocence) | 1265 min (21 hr, 5 min) | 2019 [31)32) « Ralf Dérper — keyboards, synthesizers and programming (1980-1982, 1985, 1989-1997, 2005—present)
» Marcel Ziircher — guitar, keyboards (2005—present)
Resan (The Journey) 873 min (14 hr, 33 min) | 1987 133]
« Nils Finkeisen - guitar (2015—present)
La Flor 803 min (13 hr, 23 min) | 2018 124 « Paul Keller - drums (2018—present)
1 135]
Qut 1 (Noli me tangere) 775 min (12 hr, 55 min) | 1971 Former members [ sdi ]
N o : 28]
Evolution of a Filipino Family 593 min (9 hr, 53 min) | 2004 « Bradley Bills - live drums (2013-2014)
Shoah 566 min (9 hr, 26 min) | 1985 137] « Ridiger Esch - bass guitar (1989-1997, 2005-2011)
Tie X7 Qu- West of the Tracks 551 min (@ hr, 11 min) | 2003 125] « Christoph "Nook” Michelfeit - drums, electronic percussion
« Bernward Malaka - bass guitar (1980-1982)
i i 39]
Death in the Land of Encantos 538 min (8 hr, 58 min) | 2007 3] « Hendrik Thiesbrummel - live drums (2016-2018)
Dead Souls 495 min (8 hr, 15 min) | 2018 140] « Frank Kollges - drums
A Lullaby to the Sorrowful Mystery 485 min (8 hr, 5 min) | 2016 141) + Eva Gossling - saxophone (1981)
« Christina Schnekenburger - keyboards
. 42]
0.J.: Made in America 4632 min (7 hr, 43 min) | 2016 142] « Walter Jager - 2
Melancholia 450 min (7 hr, 30 min) | 2008 143] « Christopher Lieiz - programming, samples (1995-1097)
Satantangd 419 min (6 hr, 50 min) | 1994 144] + Lee Allus - guitar (1992-1997)
« Darren Minter - drums (1993)
La Roue 413 min (6 hr, 53 min) | 1923 (Restoration, 2019) 31 + George Lewis - drums (1997)
The Best of Youth 366 min (6 hr, 6 min) | 2003 146] « Oliver Rohl — drums
Century of Birthing 360 min (6 hr) 2011 [47] * Achim Farber — drums
" Death . Em e T | = « Volker Borchert — drums (1992, 2015-2016)
ear Deai min r min
Karamay 356 min (5 hr, 56 min) | 2011 149] Discography [edit]
i i [50]
Little Dorrit 350 min (5 hr, 50 min) | 1987 Albums [ st |
Carlos 339 min (5 hr, 30 min) | 2010 Al « Stahiwerksynionie (1981)
Mula sa Kung Ano ang Noon 338 min (5 hr, 38 min) | 2014 152] » Volie Kraft Voraus! (1982)
. h = « Entering the A 1985
Napoléon 332 min (5 hr, 32 min) | 1927 (Restoration, 2016) | 53 ”’:Zgg‘f € Arena (1985)
.
1900 317 min (5 hr, 17 min) | 1976 Bl « I - The Final Option (1993)
Happy Hour 317 min (5 hr, 17 min) | 2015 53] « The Final Remixes (1994)
= « lil - Odyssey of the Mind (1995)
Batang West Side 315min (5 hr, 15 min) | 2001 156]
« Paradise Now (1997)
The Deluge 315 min (5 hr, 15 min) | 1974 157] « The Machinists of Joy (2013)
Fanny and Alexander 312 min (5 hr, 12 min) | 1982 158] * V- Metal Machine Music (2015)
B - « Stahiwerkrequiem (2016)
Tsahal 304 min (5 hr, 4 min) | 1994 159]

.

Live Im Schatten Der Ringe (2016)
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Entity Extraction from List Pages

Cinematic films

(] Red a n d g rey I i n kS Title Running time Year released Notes

Amra Ekia Cinema Banabo (The Innocence) | 1265 min (21 hr, 5 min) | 2019 EQES
_ R d I H k H t t t 't H Resan (The Journey) 873 min (14 hr, 33 min) | 1987 133]
e In S p0|n O en I Ies La Flor 803 min (13 hr, 23 min) | 2018 [34]
t h at d on Ot eXiSt out 1 (Noli me tangere) 775 min (12 hr, 55 min) | 1971 28]
Evolution of a Filipino Family 593 min (9 hr, 53 min) | 2004 136]
Y7 . 1)) Shoah 566 min (9 hr, 26 min) | 1985 7]
- G rey I I n kS — Tie Xi Qu: West of the Tracks 551 min (9 hr, 11 min} | 2003 [38]
. ===$ Death in the Land of Encantos 538 min (8 hr, 58 min) | 2007 139]
® Are d Ctu d I |y nOt I 18] kS Dead Souls 495 min (8 hr, 15 min) | 2018 1401
. L. A Lullaby to the Sorrowful Mystery 485 min (8 hr, 5min) | 2016 141
* |.e ) e ntItIeS tO be 0.J.: Made in America 463 min (7 hr, 43 min) | 2016 142
d . d Melanchalia 450 min (7 hr, 30 min) | 2008 1431
Iscovere Satantangd 419 min (6 hr, 59 min) | 1994 [44]
La Roue 413 min (6 hr, 53 min) | 1923 (Restoration, 2019) | 44
The Best of Youth 366 min (6 hr, 6 min) | 2003 1461
Century of Birthing 360 min (6 hr) 2011 1471
Near Death 358 min (5 hr, 58 min) | 1989 [43]
Karamay 356 min (5 hr, 56 min) | 2011 [49]
Little Dorrit 350 min (5 hr, 50 min) | 1987 1501
Carlos 339 min (5 hr, 39 min) | 2010 151
Mula sa Kung Ano ang Naon 338 min (5 hr, 38 min) | 2014 152]
Napoléon 332 min (5 hr, 32 min) | 1927 (Restoration, 2016) | 5
1900 317 min (5 hr, 17 min) | 1976 141
Happy Hour 317 min (5 hr, 17 min) | 2015 155]
Batang West Side 315 min (5 hr, 15 min) | 2001 156l
The Deluge 315 min (5 hr, 15 min) | 1974 1571
Fanny and Alexander 312 min (5 hr, 12 min) | 1982 158]
Tsahal 304 min (5 hr, 4 min) | 1994 159
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Beyond List Pages

* Many pages Ax] Rose

From Wikipedia, the free encyclopadia

contain list-like | pisosraphy rea:

with Guns N' Roses |[adi)

constructs + Appate forCestuctin 1887

« G N'A Lies (1988)
o Lise Your fusion | {(1991)
* Use Your Musion N (1991)

¢ U S u a I Iy s "The Spaghefil Incldent™ (1993)

» Chingse Democracy (2008}

— S ma | | with Hollywood Rose [e4it]

« The Aoots af Guns N' Roses (2004)

with Rapidfire |edi)

- Sa me type + Apady to Aumbie EP {2014)

Guest appearances | odit|

.
S a l I I e re I a t I O n + The Decline of Westermn Chalization Part i: The Metal Years — Original Mohion Picture Soundirsck by various artists (1988; "Under My Wheels" fi. Alice Cooper, Slash and lzzy Stradiin)
« The End of the inecence by Don Hanlay (1989; " Will Not Go Quistly”)

to page entity + Fire and Gassline by Steve Jones [1888; "I Did U Mo Wrang"}

« Pawnshop Guitars by Gilby Clarke (1584, "Dead Flowars")
« Amous Disease by The Outpatience (1596, "Anxious Disease’ ft. Slash)

— M O re g rey I i n kS « Ange! Down by Sebastian Bach (2007, "Back in the Saddle," "[Love |5) a Bilchslap," "Stuck Inside”)

+ Mew Looney Tunas (2018, "Rock the Rockfl 1221

Filmography et

Tithe s Year & Role ®  MNotes
The Dead Pool 1888 | Musician &t funeral Uncreditad
Grand Theit Awlo: San Andreas (video gama) 2004 D Tomrry "The Nightmarna"™ Seath in the: K-DST radio | Voics

That Mefal Show 2011 | Himsel

Jmmy Kimme! Liva! 2012 Hirmzali
Mew Loaney Tunes (TV show)l'=] 2018 | Himsalf Voice
Seooby-Doo and Guess Who? (Tv Show) 2021 Hirmgal Voloe
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Beyond List Pages

(artist,

AXxl Rose)
dtopSection. {,Discography’
C Jartist. {>PageEntity<}

(type,
Musical\Work)
dtopSection.{,Discggraphy”}
C MusicalWork

(musicalBand,
Guns_N’_Roses)

JtopSection.{,Discography"}

N sectionEntityType. {Band}
C

Jmusical Band. { =SectionEntity<}
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Axl Rose | Page Entity

From Wikpeda. the free encyciopeda

Discography |.fOp Section

with Guns N' Reses | <Sacfion

= Appadity for Dpstruction | 1987)
« WA Ligs [1988)

w Lisd Your Wusion | [1881)

# Lige Your Wusion ¥ [1991)

» "Tha Spaglattl incicent ™ {100}
# Chingds Démocracy [2008)

with Hollywood Rose |
» The Rocts of Guns N Roses (2004)

with Rapldfire | e
» Apady to Rumble EP (2014)

Guest appearances | =d:|

» The Dacling of Widfern Crallrabon Pan N The Mels! Yiars — Onginal Molien Priuis Soundiaack by vanous aftists (1088 "Under My Whissls® B Alcs Cooped, Slash and |ZFy Stading
+ The End of the Innocence by Don Meniay (1989, "1 Will Mot Go Clusstty™)

& Flrg and Gasodne by Stews Jones (1985; *1 Did U No Wrong®)

» Pawnihop Guits's by Gily Clarks (1994; “Doad Flowers®)

» Armious Disease by The Outpatience |1996; “Anxicus Disease® 8. Slash)

s Angad Dowrs by Sebastisen Bach (2007, "Back in T Sasda,” "(Love 1) & Bachslap,” "Siuck Ingice’)

* Npw Loonay Tunes (2018, "Rock the Recky 1]

Filmography [es)
Title * Year o Rcle * | Moles
The Dead Pool 1988  Mlusician at fungral Unoradited
Grand Thelt Avic: San Andreas (video game] 2004 DU Tomey "The Mighimane® Smih in the K-DST radia | Voios
That Metal Show 201 | Himsol
Jimmy Kimmel Live! 22 Himsol
Mew Loonay Tunes (TV show) "= 208 Himsel oios
Soooby-Doo and Guass Wha 7 [Ty Bhow) 2021 Hirrssl ol
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* 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

* j.e., does the rule work equally well across all covered listings
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e 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

Members | edit) Members |edit]

« Jirgen Engler — vocals, guitar, keyboards, synthesizers and programming, metallic percussion (1980— + Alexe Wesselsky —vocals (2003—present)

« Ralf Dérper — keyboards, synthesizers and programming (1980-1982, 1985, 1989-1997, 2005—present] « Moel Pix — lead guitar, programming, production (2003—present)

« Marcel Zircher — guitar, keyboards (2005—present) + Jurgen Plangger — rhythm guitar (2007-present)

« Nils Finkeisen — guitar (2015—present) « Maximilian Schauer — keyboards, programming (live and session: 2003-2007, session only: 2008—present)

« Achim Farber —Jrums (2011—present)

» Rupert Keplinger — bass (2013—present)

» Paul Keller — drums (2018—present)

Former members [ edit]
» Bradley Bills - live drums (2013-2014)
« Riidiger Esch — bass guitar (1989-1997, 2005-2011)
» Christoph "Mook™ Michelfeit — drums, electronic percussion
» Bernward Malaka - bass quitar (1980-1982)
» Hendrik Thiesbrummel — live drums (2016-2018)
» Frank Kallges — drums

Eisbrecher, line-up at Rockharz Open Air 2018

« Eva Gossling — saxophone (1981)
Alexander "Alex” Jochen "Moel Pix” Jargen Plangger Achim Farber Rupert Keplinger
Wesselsky Seibert

+ Tina Schnekenburger — syncussion, bass

» Walter Jager - 7

» Christopher Lietz — programming, samples (1995-1997,
e Lee Altus — guitar (1992-1997)
« Darren Minter — drums (1993)
« George Lewis — drums (1997)

Former live members | edit]
« Felix Prime — rhythm guitar (2003-2007)
+ Micheal Behnke — bass (2003-2007)
« Martin Motnik — bass (2007-2008)
« Olli Pohl — bass (2008-2010, 2015)
« Dominik Palmer — bass (2010-2013)
» Rene Greil — drums (2003-2011)

« Oliver Réhl — drums
» Achim Farber =
» Volker Borchert — drums (1992, 2015-2016)

Touring members | edit]
« Sebastien Angrand — drums (2010}
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B Formats ~ (£ Sparql Endpoint

About: C].gI'ZM annheim List of twin towns and sister cities in Moldova

From Wikipedia, the free encyclopedia

This is a list of places in Moldova having standing links to local communities in other countries. In most cases, the association, especially when formalised by local

PmPerty Value government, is known as "town twinning" (though other terms, such as "partner towns" or "sister cities" are sometimes used instead), and while most of the places included
are towns, the list also comprises villages, cities, districts, counties, etc. with similar links.
rdfs:label . annheim Index: A-B-C-D-E-F-G-H-I-J:K-L-M-N-O-P-Q-R-S-T-U-V-W-X-Y-Z-References
C [fedi]
Chisinaul®ll¥
clgo:country » Moldova s
« | §l Alba lulia, Romania o W ey, Ukraine o == Thilisi, Georgia
Gemany . Ankara, Turkey « B Mannheim, Germany o = Tel Aviv, Israel
« | ll Bucharest, Romania « [l Minsk, Belarus o g Vilnius, Lithuania
o B Chernivtsi, Ukraine o M Odessa, Ukraine o BB Yerevan, Armenia
. « I ll Grenoble, France « I B Reggio Emilia, Italy
: .
rdf'type Pla ed capl « I }l 'asi, Romania o ®= Sacramento, United States

» City iNBader} comrat
s Twin toNn or] - el Balti, Moldoval!

e Coat of ari\s | Criuteni
« @ Jurbarkas, Lithuania®®

* French exon

» Twin town or sister city in Lithuania
* University town in Germany

* owl:NamedIndividual

¢ City or town in Germany

* Most polluted city in the world
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* Wikipedia-based Knowledge Graphs will remain
an essential building block of Semantic Web applications
e But they suffer from...

— ...acoverage bias
— ...limitations of the creating heuristics
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From DBpedia to DBkWik

* One (but not the only!) possible source of coverage bias

— Articles about long-tail entities become deleted

M EXPLORE

Wikipedia:Deletion policy
From Wikipedia, the free encyclopedia

"WP:DP", "WP:DELETE", and "WP:DEL" redirect here. For other uses, see Wikipedia:Deletion pre Speedy Deletlon Wlkla Maln Page

Delaware.

HasMySpace, HasFacebook, and 2 more

The purpose of this wiki is the same that of
Wikipedia, it is to create an encyclopedia which
isa comp summary of

from all branches of knowledge

# This page documents an English Wikipedia policy.

It describes a widely accepted standard that all editors should normally

The only difference between the Wikipedia and
this wiki is that we do not have the same
criteria for deletion. We want to cover all the
artists, actors, athietes and companies that
Wikipedia does not want to document. So

@ This page in a nutshell: Adminisirators have the ability to delete
in accordance with established policies and guidelines, and comm

The Wikipedia deletion policy describes how articles, media, and other pages that do not meet the
each day through the processes outlined below.

together with Wikipedia we will have ain [ |
Deletion of a Wikipedia article removes the current version and all previo! compi v because P
reverse ("undelete”) any deletion. All such actions (other than viewing) ar Page | Discy “90ietes so much. “ Recent Wiki Activity Q
administrators normally will not delete it. Did you ever have a Wikipedia article you I I Amar'e Stoudemire
worked on deleted and did not have a backup? ~ V I( 1 ‘ Frank Ntilikina « 1 minute ago
Contents [hide] Did you feel frustrated like me? You are in the . . TG
1 Reasons for dalstion riant olace http://speedydeletion.wikia.com Sy
2 Alternatives to deletion
2.1 Editing and discussion Main Page
2.2 Tagging =
2.3 Merging D pedia is a radical i ionist wiki for rescuing articles from Wikipedia's deletionism. It was started by Guaka on December 24th 2013 and so far we've 170px
2.4 Redirection rescued 53,934 articles.
2.5 Incubation As of July 21st 2015 there are also versions in other languages: French, Duich, German and Swedish
2.6 Other projects Some bot code is available at GitHub &.
2.7 Archiving " ‘You should be able to actually sign up and edit articles.
Main page
3 Processes Recent changes .
3.1 Copyright violations Statistics How does this work?
3.2 Speedy deletion :umnm R Articles that are under discussion on Wikipedia are automatically copied here by Robyt. If the article is retained on Wikipedia the article is emptied on Deletionpedia. If the article is
3.3 Proposed deletion oy removed on Wikipedia we don't have to do anything here. So if an article is not deleted we won't delete the article here, Robyt will just put a template linking back to Wikipedia. But
3.3.1 Proposed deletion of biographies of living people francais articles are often relisted for deletion again soon.
3.4 Deletion discussion Nederlands You are welcome to sign up & and help with the project
svenska
3.5 Page deletion It's okay (encouraged even) to edit articles here once they have definitely been deleted on Wikipedia (unlike DPv1), but it's advisable to wait until articles have been definitely
3.6 Deletion of biographies and BLPs Tui‘;h o deleted on Wikipedia. Like that you can still go into the history of an article and find your edits.
What links here
3.7 Delstion review Related changes Click on random page to get an idea about what kind of stuff gels deleted on Wikipedia. A lot is great quality articles written by people who care and spent a lot of time on them, |
DT A el Oommmimi A D T e I TP P TR mrmm -
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From DBpedia to DBkWik

 Why stop at Wikipedia?
 Wikipedia is based on the MediaWiki software

— ...and so are thousands of Wikis
— Fandom by Wikia: >385,000 Wikis on special topics
— WikiApiary: reports >20,000 installations of MediaWiki on the Web

Y fandom

POWERED BY Wikia

g _—y
) )
,.-i”,{;i"‘ / A N
,"”'/él _4‘" 'At N ./
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* Collecting Data from a Multitude of Wikis

Trent Reznor
Trent Reznor Trent Reznor

-

A
LY
s

May 17, 1965
New Castle, Pennsylvania, United States

Instruments: Vocals, Guitar,
Keyboards, Bass,
Marimba, Saxophone,
Small Percussion Born May 17, 1965

1 Nomination / 1 Win

Role Composer
Other David Lynch Projects

3y (Soundtrack - *Videodrones; Ques-
Years: 1988-present Mercer, Pennsylvania, USA

ti ' “Driver Down™)

Tours: VIVIsectVI-present "Came Back Haunted™ (Music video)
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 The DBpedia Extraction Framework consumes MediaWiki
dumps
 Experiment (started as team project 2017)

— Can we process dumps from arbitrary Wikis with it?
— Are the results somewhat meaningful?
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 Example from Harry Potter Wiki

D B I'W k ® Browse using ~ [ Formats - ( Faceted Browser (% Sparql Endpoint

About: http://dbkwik.webdatacommons.org/HarryPotter/resource
/Gryffindor

Property Value

owl:sameAs s dborGryffindor

foafdepiction o hitp:/fcommons.wikimedia.org/wiki/Special-FilePath/0.31_Gryffindor_Crest_Transparent.png
dcterms:subject » dbkwikHarryPotter/resource/Category: Gryffindor_House

o dbkwik:HarryPotter/resource/Category Hogwarts_Houses

skos:altLabel s Gryffindor House
e Gryffindor Students
o Griffindor
e Gryffindors
s Griffyndor
» Griffyndor Students
o Gryffindor Girl
e The Gryffindors

skos:prefLabel o Gryffindor
dokwik:HarryPotter/ontology/thumbnail ¢ hitp://commons.wikimedia.org/wiki/Special-FilePath/0.31_Gryffindor_Crest_Transparent.png?width=300
dokwik:HarryPotter/property/animal o dokwik:HarryPotter/resource/Lion
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From DBpedia to DBkWik

* Differences to DBpedia
— DBpedia has manually created mappings to an ontology
— Wikipedia has one page per subject
— Wikipedia has global infobox conventions (more or less)

* Challenges
— On-the-fly ontology creation
— Instance matching
— Schema matching
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e Heuristics

— Ontology induction

— Instance/Schema Matching

) T

Extracted RDF

DBpedia
=] s = «4H
FANDOM_y (ot =T | ueon
Framework
MediaWiki Dumps ﬂ
Type Ontology Internal Linking Interlinking
SDType Domain/ Knowledge Instance Instance
Light <j Range <j Graph <j Matcher <j Matcher
o Fusion Schema Schema
Materialization Subclass Matcher Matcher

""r‘;ru\i

Consolidated
Knowledge Graph

(2B VikTU0so

SPARQL

U
o
DBpedia

DBkWik
Linked
Data
Endpoint
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 Downloaded ~15k Wiki dumps from Fandom
— 52.4GB of data, roughly the size of the English Wikipedia

* Prototype: extracted data for ~250 Wikis
— 4.3Minstances, ~750k linked to DBpedia
— 7k classes, ~1k linked to DBpedia
— 43k properties, ~20k linked to DBpedia
— ...including duplicates!

* Link quality
— Good for classes, OK for properties (F1 of .957 and .852)
— Needs improvement for instances (F1 of .641)
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From DBpedia to DBkWik

e Scalability of matching:
— Pairwise matching does not scale
— 300k Wikis, 1 minute for each pair - 171k years

e |teratively match and merge
— 300k Wikis, 1 minute for each match&merge run - 200 days

* Tree-shaped execution plan
— Parallelizable
— Hierarchical clustering by topic
— Whole run under a week
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* Background: Web table interpretation
 Most approaches need typing information

— DBpedia etc. have too little coverage
on the long tail

o Rank ¢ Country/Territory + Capital + Population + Year ¢ Percentor
—_ . Population
Wa nted ] eXte nS Ive type d ata base 1 | il china Beijing 20,693,000!"! 2012 1.52%
2 | === India New Delhi 16,787,049 2014 0.90%
3| @ Japan Tokyo 13,189,008 201 10.32%
4| M Philippines Manila 12,877,253 2015 12.44%
5 | gmm Russia Moscow 11,541,000 201 8.07%
6 | == Egypt Cairo 10,230,350 2012 11.10%
7 | ™= ndonesia Jakarta 10,187,505 20m 4.18%
8 | Bl Democratic Republic of the Congo Kinshasa 10,125,000 2012 12.30%
9| {e South Korea seoul 9,989,7951%1 2015 20.47%
10 | |l Bangladesh Dhaka 8,906,000 ©1 201 5.56%
11 | Bl Mexico Mexico City 8,851,080101 2010 7.51%
12| iran Tehran 8,846,762 2014 9.91%
13 | S United Kingdom London 8,630,100 2015 13.25%
14 |1 B Peru Lima 8,481,415011 2012 28.20%
15 | === Thailand Bangkok 8,249.1170131 2010 12.42%
16 | mmm Colombia Bogota 7.613.3030141 201 16.17%
17 | @l Vietnam Hanoi 7.587.80001%1 2014 8.22%
18 | 8l Hong Kong (China) Hong Kong 7,208 6001161 2015 100%
19 == lraq Baghdad 7.216,0400171 21.59%
20 | ™= Singapore singapore 5,535,0000"¢1 2015 100%
21 Turkey Ankara 5,150,072 2014 6.72%
22 | Jhu Chile Santiago 5,084,0381%1 2012 29.12%
23 | [l Saudi Arabia Riyadh 4,878,723 2009 18.20%
24 | W Germany Berlin 3,520,000111 2012 438%
25 | == syria Damascus 3,500,000 15.32%
26 |l Ageria Algiers 3,415,861 8.45%
27 | = Spain Madrid 3,233 527122 2012 6.84%
28 | I North Korea Pyongyang 3,144,005 12.63%
29 | [ Afghanistan Kabul 3,140,853 10.28%
30 | BB Kenya Nairohi 3,138,369 2010 7.67%
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* Extraction of type information using Hearst-
like patterns, e.g.,
— T such as X
— X, Y, and other T

* Text corpus: common crawl
— ~2 TB crawled web pages
— Fast implementation: regex over text

— “Expensive” operations only applied once regex
has fired

e Resulting database

| Crawl
— 400M hypernymy relations
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WebIsALOD

Example:

About: fiction writer

Premodifier: fiction
Head noun: writer

Same concepts

http-//dbpedia org/resource/Fiction

Broader concepts

label

writer

great idea
several magazine
category

artist

blog

writers

story

group

poet

provenance

isap:391280092
isap:493244047
isap:104101164
isap: 104762336
isap:387107910
isap:492616562
isap:439522913
isap:122402598
isap:115379219

isap:492284397

confidence

0.799331

0.672180

0.655684

0.477191

0.471280

0.458511

0.427701

0.306667

0.299656

0.287519

Narrower concepts

label

george orwell
science fiction
franz kafka
steve almond
dan brown

james joyce
stephen king
flannery oconnor
alice munro

ayn rand

provenance

isap:386468501
isap:275868279
isap: 159147340
isap:392552636
isap: 157209267
isap: 159394667
isap:306753456
isap:266705231
isap:162537618

isap:301402665
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confidence

0.662121

0.635886

0.602015

0.581515

0.574584

0.561794

0.557354

0.555096

0.552608

0.526857
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e |nitial effort: transformation to a LOD dataset

— including rich provenance information

isa:hasPreModifier
Web”
isa:hasHead
LSErvice

- isa:hasPostModifier

rdfs:label

,Still, people use Gmail
and other Web services “

rov:Enti
rdf:type - —

JWeb service”

prov:value

prov:wasDerivedFrom

isa:116267695 piclist.com

isa:concept/Web_service
pt/ = — prov:wasQuotedFrom

prov:wasGeneratedBy

skos:broader
isa:extract_pl_Activity

isa:concept/_Gmail_

prov:used prov:Activity

| isa:prov/319282439

isa:hasFrequency ﬂ
isa:hasPidSpread n

isa:hasPldSpread

isa:pl_Pattern prov:Entity

prov:wasDerivedFrom

rdfs:label

»P1 pattern “

rdfs:comment

http://dx.doi.org/... NPi and other NPc™

isa:hasRegex
_ _ LOP{LHNA)[ ...
isa:hasConfidence .
isa:hasType "
,compact
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e Estimated contents breakdown
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* Main challenge

— Original dataset is quite noisy (<10% correct statements)
— Recap: coverage vs. accuracy
— Simple thresholding removes too much knowledge

* Approach

— Train RandomForest model for predicting
correct vs. wrong statements

— Using all the provenance information we have
— Use model to compute confidence scores
e Current ongoing research

— Using transformers and a larger training set
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e Current challenges and works in progress

— Distinguishing instances and classes
* i.e.:subclass vs. instance of relations
— Splitting instances
* Bauhaus is a goth band
* Bauhaus is a German school
— Knowledge extraction from pre and post modifiers
* Bauhaus is a goth band - genre(Bauhaus, Goth)
* Bauhaus is a German school = location(Bauhaus, Germany)
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* We have seen a couple of Knowledge Graphs
— How they are built
— What they contain

* For your project
— Have a look at the fit for your domain
— Try different options

e For a master’s thesis later

— Work on recent developments in our group
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Questions?
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