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the study of meaning
today is the sixth lecture ;-)
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Semantic Search

Semantic Search is about

® going beyond documents and queries as bag of words

= having a deeper understanding of document contents by
leveraging world knowledge as structured data

= going beyond 10 blue links and providing users with direct
answers to their (natural language) questions

© Jannik Strotgen — ATIR-06 5/64
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List Queries
GO gle who played in pulp fiction n
GO gle albums by metallica n

All Videos Shopping Images News More » Search tools

Metallica / Albums

Kill 'Em All ...And Justice for  Death Magnetic Metallica
All 2 91

1988

199
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Factoid Questions

Google
Google
Google

lllpl

how tall is dirk nowitzki

how did mahatma gandhi die

how old is gerhard weikum

Al Images  News  Videos  Maps  More~  Searchtools

About 396.000 results (0,96 seconds)

Gerhard Weikum / Age

58 years

September 28, 1957

Feedback

Homepage: Gerhard Weikum (Max-Planck-Institut fiir Informatik)
people.mpi-inf.mpg.de/~weikum/ ¥

Jan 19, 2009 - Gerhard Weikum is a Research Director at the Max-Planck Institute for
Slides; Knowledge Harvesting in the Age of Big Data Analytics (jointly ..

Gerhard Weikum - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Gerhard_Weikum ¥

I max planck institut © Jannik Strétgen — ATIR-06

informati

Gerhard Weikum

Computer science researcher

<

Gerhard Weikum is a Research Director at
the Max Planck Institute for Computer
Science in Saarbricken, Germany, where he
is leading the databases and information
systems department. Wikipedia

Born: September 28, 1957 (age 58),
Frankfurt

Books: Transactional Information Systems:
Theory, Algorithms, and the Practice of
Concurrency Control and Recovery

Feedback
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Fl,,ALIA - - - 1 _

GO gle us elections

G

Al News Images Videos Books More + Search tools

About 140.000.000 results (0,69 seconds)

BE= Presidential primaries <
=== Last updated Jun 7, 2016 at 8:17 PM GMT+2

REPUBLICAN DEMOCRATIC

Delegate results
2.383 needed for nomination - 813 still available

2.383

Clinton Sanders
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2014 Le

cture

Semantic Search

Google

which two guitarists were married to the same woman “ HO e
Web  Images  Videos  Shopping  News _ More - Search tools
GO Sle who was u.s. president when martin luther king was shot “
About 30
Fleetw| Web  News  Videos  Images  Shopping  More~  Search tools

g

About 6,050,000 results (0.45 seconds)

Assassination of Martin Luther King, Jr. Martin Luther King, Jr. was
an American clergyman, activist, and prominent leader of the African-
American civil rights movement and Nobel Peace Prize laureate who
became known for his advancement of civil rights by using civil
disobedience.

Assassination of Martin Luther King, Jr. - Wikipedia, the free ...
en.wikipedia.org/wiki/Assassination_of_Martin_Luther_King,_Jr.

Foedback

Assassination of Martin Luther King, Jr. - Wikipedia, the free ...

formatjon i{etrieval / Semantic Search
max planck institut

informatik

3
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Still not solved ;-)

GO g|e which two guitarists were married to the same woman n

All Images Videos Shopping News More v Search tools

About 41.700.000 results (1,25 seconds)

Lita Ford - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Lita_Ford v :

Lita Rossana Ford (born September 19, 1958) is an English-born American rock guitarist
... The couple were married after knowing each other for only two weeks. ... Runaways, in
which she spoke candidly about her time in the all-girl band.

Jim Gillette - Lita (album) - Out for Blood - Living Like a Runaway

Eric Clapton - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Eric_Clapton v

Eric Patrick Clapton, CBE (born 30 March 1945), is an English rock and blues guitarist,
singer ... Two of his most popular recordings were "Layla", recorded with Derek and the
Dominos; and Robert Johnson's "Crossroads", recorded with Cream. ..... unavailable
woman and who went crazy because he could not marry her.

Bonnie Guitar - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Bonnie_Guitar ¥

Bonnie Guitar is an American singer, musician, producer and businesswoman. She is best
remembered for her 1957 country-pop crossover hit "Dark Moon". She became one of the
first female country music singers to have hit songs ... The final version consisted of just

l l I p Illo i ,‘s"‘glﬁ '3 s backing Bonnie. The sd&g ‘Jaanlk Strétgen — ATIR-06 10/64
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GO gle who was us president when martin luther king was shot n
All News Videos Images Shopping More v Search tools

About 766.000 results (0,97 seconds)

United States of America / President (1968)

Lyndon B. Johnson

More about Lyndon B. Johnson

Feedback

Assassination of Martin Luther King, Jr. - Wikipedia, the free ...
https://en.wikipedia.org/wiki/Assassination_of_Martin_Luther_King,_Jr. ¥
President Lyndon B. Johnson declared April 7 a national day of mourning for Rev. King. A
crowd of 300,000 attended his funeral two days later on April 9. Vice President Hubert
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Solved, with explanation

3% Wolfram

who was us president when martin luther king was shot 8 |

United States President  Martin Luther King Jr. assassinated date

Hide details

Lyndon B. Johnson (fro

Martin Luther King Jr. assassinated date 04. April 1968
official position President
country United States

Inl p!! - m,ﬁ";ﬁk situt © Jannik Strotgen — ATIR-06 12/64
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But still things beyond hope

¥ WolframA

who was German soccer champion|when martin luther king was shot =] ‘

Wolfram|Alpha doesn't know how to interpret your input.

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 13/64
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Google
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where should i eat tonight n

Al Maps Images Shopping News More v Search tools

About 55.200.000 results (0,47 seconds)

WHERE THE FUCK SHOULD | GO TO EAT?
wifsigte.com/ ¥
WHERE THE FUCK SHOULD | GO TO EAT?

How to Solve the "Where Should We Eat?" Argument Once a...
lifehacker.com/how-to-solve-the-where-should-we-eat-argument-once-a-... ¥
Sep 15, 2014 - If you're with more than one person, deciding where to eat gets exponentially
... hereby waive my right to decide where or what we eat tonight.".

Where to Eat Tonight? Take The Eater 38 Quiz - Eater
www.eater.com/2015/2/26/8082643/eater-38-quiz ¥

Where to Eat Tonight? Take The Eater 38 Quiz. by Amanda Kludt May 7, 2015, 7:00a
@kludt - Share - Tweet - Share. Don't miss stories. Follow Eater ...

max planck institut © Jannik Strotgen — ATIR-06 14/64
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But not just for question-style queries

Google

pulp fi

Google

(] ] p

2 |

max planck institute for computer science

Al Maps  Images \ews o Jore v Search tools

1t 563.000 results (0,72 s&

Max Planck Insmute for Informatics
https: /iwww.mpi-inf. mpg.d

Computer Science Department, Saarland Un
Institute for Informatics is devoted to cutting
Departments - Databases and Information

/- Max Planck Institute for
arch in
Aigorithms & Complexity - English

he Max-Planck

Max-Planck-Institut fiir Informati
hitps:/fwww mpi-inf mpg.de/departments/ ~
Human-Computer Interaction and Interactive Technologies - Prof. Dr. Jurgen Steimle
and Th Computer Science, Prof. Dr. Viorica

Dy - Max Planck Institute ...

Formal Methods

Algorithms & Complexity - Max Planck Institute for Informatics

ttps:/fvanw mpi-inf mpg de/departments/algorithms-complexity! ~

We study fundamental algorithmic various fields of mathematics and computer
science. Historically we have focused an problems in graph

International Max Planck Research School for Computer Science

x Planck Research School for Computer Science (IMPRS-CS) is a graduate
m jointly run by the Max Planck Institute for Informatics

Max Planck Institute for Informatics - Wikipedia, the free encyclopedia
hitps://en.wikipedia.org/wikiMax_Planck_Institute_for_Informatics ~

The Max Planck Institute for Informatics is a research instituts in computer science with a focus on
algorithms and their applications in a broad sense. It hosts

Max-Planck-Institut fiir Informatik —

hitps://de wikipedia orghwiki/Max-Planck-Institut_for.
ump t \nt:malmna\ Max Planck Re:

englischsprachige Gradulertenschule

omatl * Transiate this page
arch School for Computer Science - Sic s
MPI far Informatik

tdie

International Max Planck Research School for Computer Science ..
https: /iwww. daad de/deutschland/studienangebote/international . /en/?| g, o™
IJ;lwmnm‘vplll!m Riameit ibmtitute for Softwar ms (MPI-
informatik

@ Jantik ‘Strotgen =ATHR=-0 BT TS E—

lllpll

V252

Scheidter-FrihnBach

= Science Park Saar
Map data ©2016 GooBasis-DE/BKG (62009), Google

Max Planck Institute for
Informatics

Website  Directions

The Max Planck Institute for Infarmatics Is a research institute in
computer science with a focus on algorithms and their applications in a
broad sense. It hosts fundamental research as well a research for
various application domains. Wikipedia

Address: E1 5, Campus, 66123 Saarbricken
Phone: 0681 93039100

Founded: 1988
Suggest an edit
Add missing information

Add business hours
Add category

Reviews Writeareview  Add aphoto
3 Google reviews
People also search for fiew 10+ more
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And of course: it’s not just google

b pulp fiction Deutsch Y
Web Images Waps News Explore
5.900.000 RESULTS Date v Language v Region v
Pulp Fiction - Wikipedia Transiate this page Pu|p Fiction
https://d.wikipe dia.org/wikirPulp_Fiction ~ s
Pulp Fiction ist zin Film van und mit Quentin Tarantino aus dem Jahr 1994, Der Film I B0 i
I, what to do in paris Signin - 8 1'%
Web Images Videos Maps News Explore

Paris - Points of interest

Mantmar

Pulp Fiction (1994) - IMDb cast
www.imdb.com/title/tt0 110312 +
CRIME/DRAMA  JO LTA/UMA THURMAN/SAMUEL L. JACH R
Information al & g casticredits
ia il | r :‘m‘nmx ‘pg"m( k institut f
Pulp Bction | Film 1994 | moviepilot.de Translate this page John Travolta SamuelL. Uma
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But it is not perfect

b who was us president when berlin wall fell

Signin = R 7

Web Images Maps News Explore
154,000 RESULTS Anytime »

Who was president when the Berlin Wall fell?

President Ronald Reagan

lim Baker was secretary of state in the administration of President
Ronald Reagan 20 years ago when the Berlin Wall fell

Hey
b
P

James Baker on the Fall of the Wall - ABC News

ahcnews. go.comintemationalfjames-bakerfal

AMoap

.,

s this ans

spree

TerOartey,
one)

es T, Juni“Tiergosten

Berlin Wall - Wiki ia, the free encyclop

hitps:/fen.wikipedia.org/wiki/Berlin_Wall ~
f he way for German reunificat -
idened by US President John F. Kennedy's tacit indication "
Structure and Berlin Wall

N, ... Khrushchey had

been emb
Background - Erection of the ... - Construction begins, 1951

fall of the Berlin Wall - US News & World Report

VWW.uSnews. com » News » Ken Walsh's Washington ~
Ne )14 ars af all of the Berlin Wall, worl shoi

President .. IMors on the Berlin Wall: Bringing Down Walls, 25 Years Later;

in Hw

W Wikipedia

Address: Bernau

Who was President when the Berlin Wall came down?
www, answers. com s ... » World War 2 W‘M Axis Powers » Germany in WW2 =
Who was President when the Berl d

as President The wall did not

Strafle 111, Berlin - Directions

V. Bush took
3,191

Construction startel

Destroyed: |

ini p BN gk instin © Jannik Strétgen — ATIR-06
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But it is not perfect

b

who was us president when berlin wall fell Signin - K

Web Images

Maps News Explore

154,000 RESULTS Anytime v

Who was presiden the Berlin Wall

GO gle who was us president when berlin wall fell n

Al Shopping News

£0S Images More -

About 2.06 10 results (1,0

Tear down this walll "Tear down this walll" is a line from a speech made by US President
Ronald Reagan in West Berlin on June 12, 1937, calling for the leader of the Soviet
Union, Mikhail Gorbachev, to open up the barrier which had divided West and East
Berlin since 1961

Tear down this walll - Wikipedia, the free encyclopedia
https:/fen.wikipedia. arg/wikifTear_down_this_walll

Fall of the Berlin Wall: 25 Years Later, Leaders Should Learn From ...

usnews com/._ffall-of-the-berlin-wall ears-later-leaders-shauld-learn-from- ... ~

WWW.
inn p B B o pomhinotioyears atter tne fail of e BE@idamikiStrigenrs ATIR.06m from . The fast 17/64
Sovi

Vikkhail Garbacl

rmer U.S. President
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But it is not perfect

fall of the Berlin Wall
November 9, 1989

presidency of Ronald Reagan
January 20, 1981 — January 20, 1989

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 18/ 64
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But it is not perfect

Google  presidency of ronaid reagan n

Al mages  News idz0s hopping  More~  Searchtools

onald Reagan / Presidential term

January 20, 1981 — January 20, 1989

Presidency of Ronald Reagan - Wikipedia, the free encyclopedia

https /fen wikipedia org/wiki/Presidency_of_Ronald_Rea;

The Unted Sates presidency of Ronald Reagan. aso known as the Reagan admiiiration vas 2
Republican administra 2d by Ronald Reagan from January 20, 1981, to January 20, 1989.

Vice President George H. W
Political party: Republican

Bush  Nationality: American
Succeeded by George H.W. Bush

Domestic policy of the Ronald ... Category:Presidency of ...
policy of the Ronald Ronald igent of the
dministration was the United Sta

In BB o pionck insti
informatik

© Jannik Strotgen — ATIR-06

Ronald Reagan <

ith U.S. President

Ronald Wilson Reagan was an American politician and actor who was the
40t President of the Unlted States rom 1981 to 1989 Wikipedia

Born: February 6, 1911, Tampico, liinois, United States
Died: June 5, 2004, BekAlr, Los Angeles, California, United States
Party: Republican Party

Vice president: George H. W. Bush (1981-1989)

Nicknames: Ronnie, Dutch, The

Bean Man, more

Quotes few 7+ more

19/64
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But it is not perfect
Google  fiofthe berinwal ﬂ

Ge A images S News  Maps  Morew  Seachioos

After several weeks of civil unrest, the East German government
announced on 9 November 1989 that all GDR citizens could visit
‘West Germany and West Berlin. Crowds of East Germans
crossed and climbed onto the Wall, joined by West Germans on
the other side in a celebratory atmosphere.

Berlin Wall <

Berlin Wall - Wikipedia, the free encyclopedia

https://en wikipedia orgiwiki/Berlin_Wall

The Berlin Wall was a barrier that divided Berlin from 1961 to 1989
Constructed by the German Democratic Republic, starting on 13 August
1961, the Wall completely cut off West Berlin from surrounding
Wikipedia

Berlin Wall - Wikipedia, the free encyclopedia
https://en wikipedia orgiwiki/Berlin_Wall ~ Destruction date: November 9, 1989
weeks of civl Unrest, the East German government annour
nany and West Berlin s of East mans crossed and
climbed onto the Wall, joined by West Germans on the other side in a c tary atmosphere.
Bed of nails - Conrad Schumann - Inner German border - East Berlin Opened:;1961
Destroyed by: Demolition

on 9 November 1989 that Construction started: August 13, 1961

Height: 3.6 m

Berlin Wall - Cold War - HISTORY.com

waww history.comitopics/cold-war/berlin-wall ~ People also search for lew 10+ more
The Berlin Wall: The Fall of the Wall. On November 9, 1989, as the Cold War began ta thaw across "3

Eastemn Europe, the spokesman for East Berlin's Communist

Videos - Kennedy Respands to Berlin - Ask HISTORY: Kennedy - Berlin Ailift

The Rise and Fall of the Berlin Wall | HISTORY Brandenb.. Checkpoint Reichstag ~ EastSide  Museum
v history.co uk/shows the-rise-and-fall-of-the-berlin-wall ~ Gate Charlie building Gallery Island
9 November 1989 marks the infamous fall of the Berlin Wall. On midnight of that day, East Germany's
ommunist rulers gave permission for gates along the Wall to be opened as a result of days of mass

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 19/64
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Outline

0 Semantic Web
e Knowledge Bases
© Entity Linking

Q Semantic Search
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Outline

0 Semantic Web
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Semantic Web

Semantic Web is an extension of the World Wide Web,

Scientific American: Feature Article: The Semantic Web: May 2001

SCIENTIFI G
AMERICM\

FEATURE ARTICLES

The Semantic Web

A new form of Web content that is meaningful to computers will unleash a revolution of new
possibilities

by TIM BERNERS-LEE. JAMES HENDLER and ORA LASSILA

Inl p [ B o planck institu © Jannik Strétgen — ATIR-06 22/64



Motivation Semantic Web Knowledge Bases Entity Linking Semantic Search

Semantic Web Standards
World Wide Web Consortium (W3C) Semantic Web standards

Unified Resource Identifier (URI)
to uniquely identify an abstract of physical resource

Resource Description Framework (RDF)

to describe properties of abstract or physical resources

Resource Description Framework Schema (RDF/S)

to describe schemata of properties of abstract of physical resources
Web Ontology Language (OWL)

to describe ontologies

SPARQL Protocol and Query Language (SPARQL)

to formulate queries over properties of abstract or physical resources

schema.org [ASSIGNMENT]

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 23/64



Motivation Semantic Web Knowledge Bases Entity Linking Semantic Search

URI

Unified Resource Identifier (URI) is a string of characters that
uniquely identifies an abstract or physical resource
http://en.wikipedia.org/wiki/Foo_Fighters

http://www.bbc.co.uk/music/artists/67{66c07-6e61-4026-ade5-7e782fad3a5d
http://www.musicbrainz.org/artist/67f66c07-6e61-4026-ade5-7e782fad3a5d

http://www.host.org /pub/bandspub/bands?query=FF

= scheme (e.g., http, ftp, urn) determines interpretation of URI
= indicates who is responsible for resource (e.g., a host)
= path provides hierarchical information for identifying the resource

. provides non-hierarchical information for identifying the
resource

fragment refers to a specific part of resource

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 24 /64
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RDF

Resource description framework (RDF) provides a data model
to describe properties of resources (identified by their URI)

= RDF statements are (S,P,0) triples consisting of a subject
(URI), a predicate (URI), and an object (URI or literal)
= example

http://dbtune.org/musicbrainz/page/artist/67f66c07-6e61-4026-ade5-7e782fad3a5d (S)
http://xmins.com/foaf/spec/20100809.html#member (P)
http://dbtune.org/musicbrainz/page/artist/4d5f891d-9bce-45ae-ad86-912dd27252fa (O)

(S) (P) > v (
Foo Fighters have member Dave Grohl

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 25/64
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RDF
RDF triples form an RDF graph (a labeled directed multigraph)

graph

directed graph

labeled directed graph

labeled directed multigraph

© Jannik Strotgen — ATIR-06 26/64
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RDF

RDF triples form an RDF graph (a labeled directed multigraph)

= Namespaces represent common URI prefixes and allow for a
more compact representation of RDF data
= RDF/N3 as one common text representation of RDF data

Inl p [ B o planck institu © Jannik Strétgen — ATIR-06 27/64
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RDF

RDF triples form an RDF graph (a labeled directed multigraph)

= Namespaces represent common URI prefixes and allow for a
more compact representation of RDF data
= RDF/N3 as one common text representation of RDF data

© prefix a: http://allaboutmusic.org

a:Foo_Fighters a:member a:Dave_Grohl
a:Foo_Fighters a:member a:Pat_Smear

© Jannik Strotgen — ATIR-06 27 /64
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RDF

RDF triples form an RDF graph (a labeled directed multigraph)
= Namespaces represent common URI prefixes and allow for a

more compact representation of RDF data
= RDF/N3 as one common text representation of RDF data

@ prefix a: http://allaboutmusic.org
a:Foo_Fighters a:member a:Dave_Grohl

a:Foo_Fighters a:member a:Pat_Smear

I M a:playsOn \&
W a’ s |+ a:founder ﬂ
< J

a:member —>

” 1 a:member —».
a:playsOn

a:playsOn
Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 27/64
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SPARQL

SPARQL Protocol and RDF Query Language (SPARQL) is a
query language for the Semantic Web standardized by W3C

SPARQL from the linguistic point of view:
a recursive acronym

= SPARQL has a SQL-inspired syntax to define graph patterns
and retrieves all matching subgraphs as query answers

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 28/ 64
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SPARQL

SPARQL Protocol and RDF Query Language (SPARQL) is a
query language for the Semantic Web standardized by W3C

= SPARQL has a SQL-inspired syntax to define graph patterns
and retrieves all matching subgraphs as query answers

Graph pattern:

Query:
’ ™

PREFIX a:<http://allmusic.org/>
SELECT DISTINCT ?b, ?r, ?p WHERE {
?b a:hasMember ?p .
?p ?r a:Seattle .

}
ORDER BY ?p

a:Seattle

Answer:
‘ a:Pearldam ‘—‘ a:hasMember ‘

‘ a:Eddie_Vedder a:livesIn ‘— | a:Seattle ‘

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 29/ 64
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Linked Open Data Project

problem:

Resources can be referred to by
different URIs in different RDF datasets

® Linked Open Data Project creates a Web of Linked Open Data
by establishing owl:sameAs links between RDF data sources

As of 2011 (1)

= 295 RDF data sources
= 32 billion RDF triples
® 504 million links

http://linkeddata.org/

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 30/64
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Linked Open Data Project — 2014

U

Linked Dutsssts as ctAguat 2014 @ @

ini p BN gk instin © Jannik Strétgen — ATIR-06
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Outline

e Knowledge Bases
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Knowledge Bases

Knowledge bases (e.g., DBpedia, Wikidata, YAGO)

= provide data about real-world named entities, their properties
and relations between them

® have typically been extracted from Wikipedia and different
other data sources (WordNet, GeoNames, MusicBrainz, etc.)

= form the core of the linked open data cloud

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 33/64
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Wikipedia
Collaboratively edited encyclopedia that forms the common
basis of other knowledge bases

= 5.1 M articles / 3.4 M edits per month / 7,398 M views

per month (for English, April 2016)

= in 293 languages (with vastly different coverage)

= templates, infoboxes, and categories (quasi-structured)

® article contents (unstructured) with rich interlinkage

® revision history (who edited which page at what time)

® ysage data (e.g., access statistics)

= gtarted in 2001

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 34/64
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Wikipedia

Article Talk

James Hetfield

From Wikipedia, the free encyclopedia

'WIKIPEDIA

The Free Encyclopedia

Main page
Contents
Featu
Current events

Not to be confused with James Hatfield.

content.

Random article
Donate to Wikipedia
Niipedia store

Interaction albums, three live albums, four extended plays and 24 singles.
Help

About:

Wikipedia

Communiy poreal
Recent changes
Contact page

Tools time.
whatlinks here
Related changes
Upload file
Specil pages
Permanert lnk

Contents [hide]
1 Early life

2 Career

3 Personal lffe

Page information B Eopment

Wikidata item e
4.1 Guitars
Cite this page ,
4.2 Amplifiers and cabinets

Frinyexport 4.3 Effects

Create a book
reate a bool 4.4 Accessories
Download as PDF o
printable version Ricoseony
5.1 Metalica

In other projects <
e 6 Guest appearances

l l I I I max planck institut
informatik

In 2009, Hetfield was ranked at no. 8 in Joel Mclver's book The 100 Greatest Metal Guitarists,[!) and ranked at no. 24 by
Hit Parader on their list of the 100 Greatest Metal Vocalists of All Time. In Guitar World's poll, Hetfield was placed as the
19th greatest guitarist of all time, as well as being placed second (along with Metallica lead guitarist Kirk Hammett) in The
100 Greatest Metal Guitarists poll of the same magazine. Rolling Stone placed Hetfield as the 87th greatest guitarist of all

Read View source  View history

James Alan Hetfield (horn August 3, 1963) is an American musician, singer and songwriter known for being the
co-founder, lead vocalist, rhythm guitarist and main songwriter for the American heavy metal band Metallica. Hetfield is
mainly known for his intricate rhythm playing, but occasionally performs lead guitar duties and some solos, both live and
in the studio. Hetfield co-founded Metallica in October 1981 after answering a classified advertisement by drummer Lars
Ulrich in the Los Angeles newspaper 7he Recycler. Metallica has won nine Grammy Awards and released nine studio

© Jannik Strotgen — ATIR-06
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James Hetfield

rming with Metalica during Rock in

Hetfield perfo
Rio USA in Las Vegas, Nevada on May 9, 2015

Background information

Birth name  James Alan Hetfield

Born August 3, 1963 (age 52)
Downey, Calfornia, U.S.

Genres Heavy metal, thrash metal,

hard rock, speed metal

Occupation(s)  Musician, songwriter, producer
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O — Occupation(s)  Musician, songwriter, producer
Instruments  Gultar, vocals

7 References
8 External links Years active 1978-present
Labels Warner Bros., Elektra,
Megaforce
Early life Associated acts Metalica, Spastik Children,

Leather Charm
James Alan Hetfield was born on August 3, 1963,[2] in Downey, California, the son of Cynthia Bassett (née Nourse), a light

opera singer, and Virgil Lee Hetfield, a truck driver?] He is of German, English, Irish and Scottish descent.[“/t=t0n nesded] Ho
has two older half-brothers from his mother's first marriage and one younger sister. His parents divorced in 1976 when
Hetfield was 13. Virgil and Cynthia were very strict Christian Scientists, and in accordance with their beliefs, Hetfield's

Website metalica.come
Notable instruments

Gibson Explorer
ESP Truckster

parents strongly disapproved of medicine or any other medical treatment and remained loyal to their faith, even as e SNFR e R e
Cynthia was dying from cancer. This upbringing became the inspiration for many of Hetfield's lyrics during his career with Gibson Les Paul Gustom ‘lron Cross”
Metallica, most notably in the song "The God That Failed" from their eponymous 1991 album, Metallica. Cynthia Hetfield Gibson Flying V

Fender Telecaster

died of cancer in 1979 when James was 16 years old. After the death of his mother, Hetfield went to live with his older e S
Snakebyte

half-brother David. Virgil died in late 1996, during Metallica's Load tour.*] Hetfield attended Downey High School his
freshman and sophomore years (]

Hetfield was nine years old when he first began piano lessons, after which he took on his brother David's drums and finally, at the age of fourteen, he began to play guitai
with Robert Okner[s] He was also in a few bands as a teenager - one being Leather Charm and another, Obsession. Hetfield identifies Aerosmith as having been his main
musical influence as a child,7) and has said they were the reason he wanted to play guitar. He has also cited Queen, Led Zeppelin, Black Sabbath, Misfits, AC/DC, Cheap
Trick, Rush, Alice Cooper, Kiss, Ramones, Motdrhead, Sex Pistols, Venom, Iron Maiden, Judas Priest, ZZ Top, Thin Lizzy, lynyrd Skynyrd, Ted Nugent, Rainbow, and Deep

Purple as influences.[c/tation needed]

Career

In the early days of the band, Metallica experimented with a few different vocals and guitar combinations, essentially creating a setup similar to that of British metal
band Diamond Head, another major influence on Hetfield. Some of the options considered included adding another guitar player, having John Roads play lead guitar, as
well as asking John Bush from Armored Saint (who later joined Anthrax) to sing for the band. The finalized line-up of the band became Hetfield (lead vocals and rhythm
quitar), Lars Ulrich (drums), Dave Mustaine (lead guitar), and Ron McGovney (bass) who was soon replaced by CIiff Burton. Hetfield referred to their early sound as power
metal. The term "thrash metal” was first used when Kerrang journalist Malcolm Dome described the Anthrax song "Metal Thrashing Mad" in an issue of Kerrang in
February 1984.11

From 1982 to 1983, Mustaine's alcoholism sparked heated altercations between himself and Hetfield.!* Mustaine also once poured beer onto McGovney's bass'®! nearly
causing serious damage. On April 1, 1983, the band recruited lead guitarist Kirk Hammett from the band Exodus and 10 days later Hetfield and Ulrich officially removed
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Discography

Metal
Main article: Metallica discography

o Kill 'Em All (1983)

« Ride the Lightning (1984)
« Master of Puppets (1986)

« ...And Justice For All (1988)
* Metallica (1991)

« Load (1996)

« Reload (1997)

« St. Anger (2003)

« Death Magnetic (2008)

Guest appearances

+ Hetfield sang "Stone Cold Crazy" at the Freddie Mercu

Tribute Concert, accompanied by the remair
« He provided backing vocals on "Man or Ash" on the Corrosion of Conformity album Wiseblood.

ng members of Queen and Tony lommi on rhythm guitar

« He sang backing vocals on "Twist of Cain' and "Possession" on Danzig's debut album, Danzig.

« He played guitar on "Eclectic Electric" from the Primus album Antipop.

« Though previously believed to have been sung by Trey Parker, the song *Hell Isn't Good" from the film South Park: Bigger, Longer and Uncut was actually sung by
Hetfield. He admitted to doing so in 2000, confirming what many Hetfield fans had already recognized as his trademark growling style.The Playboy Interview:
Metallica (April 2001)&.

« Hetfield sang on the Gov't Mule song "Drivin' Rain" with fellow guest Les Claypool, which appears on the compilation album Crank /t Up with NASCAR

« He also performed at the Outlaws Concert in 2004, alongside Hank Williams Jr., Cowboy Troy, Big & Rich, Gretchen Wilson, and Kid Rock. Hetfield played one of close
friend Waylon Jennings's songs, "Don't You Think This Outlaw Bit's Done Got Out of Hand," the very same he recorded on the tribute album to Jennings, /'ve Always
Been Crazy. At this same event, he performed Metallica's "Mama Said" with Jesse Colter, the widow of Waylon Jennings, though this was cut from the television
broadcast.

+ Hetfield, as well as Metallica's lead guitarist Kirk Hammett, voiced characters in a number of episodes of the Adult Swim cartoon Metalocalypse.

+ Hetfield, along with Metallica drummer Lars Ulrich, voiced a pair of teenage dragons in an episode of Disney's Dave the Barbarian, entitled *Here There Be Dragons"
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Wikidata

Collaboratively edited knowledge base

® intended to provide common source of structured data for
other related projects (e.g., Wikipedia)

= 17 M data items, 345 M edits
= started in 2012
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|II |I Item Discussion Read View history | Search Q =

WIKIDATA James Hetfield

Entity Linking Semantic Search

84302)

American musician, songwriter, record producer and table

2 edit

Main page James Alan Hetfield
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Project chat ~ In more languages "o

Create anew item Language Label Description Also known as

Item by title

R English James Hetfield American musician, songwriter, record James Alan Hetfield
Radomlrens producer and table

Query Service German James Hetfield US-amerikanischer Sénger und Gitarrist Hetfield

Nearby James Alan Hetfield
Help

Donate French James Hetfield chanteur et guitariste de hard-rock
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Download as PDF
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Permanent fink

Page information
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this page + add
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Permanent
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Commons category
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» 5 references

James Hetfield@

~ 0 references

guitarist

» 1 reference

singer-songwriter

» 1 reference

singer

» 1 reference

composer

» 1 reference

musician
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Z edit

+ add

Z edit

+ add reference

+ add

Z edit

Z edit

& edit

2 edit

Z edit
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place of birth Downey 2 edit
» 1 reference

+ add

member of Metallica 2 edit

~ 0 references

+ add reference

+ add

date of birth 3 August 1963 2 edit
» 2 references

+ add

instance of human Z edit
» 2 references

+ add
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DBPedia

Knowledge base extracted from Wikipedia

4.6 M things (for English, as of 2014)

80 M links to Wikipedia categories

41 M links to YAGO categories

50 M owl:sameAs links to other data sources
started in 2007
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&m ®prowseusing ~ B Formats ~ % Faceted Browser  [3 Spargl Endpoint

About: James Hetfield

An Entity of Type : musical artist, from Named Graph : hitp://dbpedia.org, within Data Spacs : dbpedia.org

James Alan Hetfield (born August 3, 1963) is the co-founder, lead vocalist, rhythm guitarist, main songwriter, and lyricist for
the American heavy metal band Metallica. Heffield is mainly known for his intricate rhythm playing, but has also performed
occasional lead guitar duties both in the studio and live.Hetfield co-founded Metallica in October 1981 after answering a
classified advertisement by drummer Lars Ulrich in the Los Angeles newspaper The Recycler.

Property Value

bstract

James Alan Hatfield (born August 3, 1363) is the co-founder, lsad vocalist, rhythm guitarist, main songwriter, and lyricist for the American
heavy metal band Metallica. Heffield is mainly known for his intricate rhythm playing, but has also performed occasional lead guitar duties
both in the studio and live.Hetfield co-founded Mstallica in October 1981 after answering a classified advertisement by drummer Lars Ulrich
in the Los Angeles newspaper The Recycler. Metallica has won nine Grammy Awards and released nine studio albums, three live albums,
four extended plays and 24 singles. In 2009, Hetfield was ranked number 8 in Joel Mclver's book The 100 Greatest Metal Gitarists, and
ranked 24th by Hit Parader on their list of the 100 Greatest Metal Vocalists of All Time. In Guitar World's poll, Hetfield was placed as the 19th
greatest guitarist of al time, as well as being placed 2nd (along with Kirk Hammett) in The 100 Greatest Metal Guitarists poll of the same
magazine, only bshind Tony lommi. Rolling Stone placed Hetfiekd as the 87th greatest guitarist of all time. (en)

o:activeYearsStartYear ® 1978-01-01 (xscldate)

dborassosiatedBand w dbr:Spastik_Children
= dbriLsather_Charm

= dbr:Metallica
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&m ®Browseusing ~ B Formats ~ % Faceted Browser €3 Sparg| Endpoint

rfs:comment » James Alan Hetfield (born August 3, 1963) is the co-founder, lead vocalist, rhythm guitarist, main songwriter, and lyricist for the American
heavy metal band Metallica. Heffield is mainly known for his intricate rhythm playing, but has also performed occasional lead guitar duties
both in the studio and live.Hetfield co-founded Metallica in October 1981 after answering a classified advertissment by drummer Lars Ulrich
in the Los Angeles newspaper The Recycler. (en)

rdfs:label = James Heffield (en)

owldfferentFrom » dbrJames_Hatf

owlsameAs » hitpy/zitgist. com/music/artist/68c34082-c1d5-4399-afgb-392 1 cadasalf

James Hetfield

Hetfield

el:James Heffiold
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u dbpedia-id:James Heffield
» dbpecia-tdames Hetfield
» dbpediaja:James Hetfield
® dbpedia-ko:James Hetfield
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® dbpedia-pl:James Hetfield
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= dbpedia-wikidata:James Hetfield

= openeyoiJames Haffiold
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Freebase

Collaboratively edited knowledge base

= which includes information extracted from other data
sources (e.g., Wikipedia, MusicBrainz)

44 M topics (organized into domains, as of 2014)

2.4 B facts

more than 60 M deleted facts (as of 2013)

focused on entertainment

= many topics without textual data

started in 2007, acquired by Google in 2010

forms the core of the Google Knowledge Graph
now: freebase data “moved” to wikidata [4]

resources evolve, change, disappear
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Yago
Knowledge base extracted from Wikipedia, WordNet, and
GeoNames

= 10 M named entities

= 120 M facts

= 72 relation types with manually assessed accuracy (95%)
= started in 2007
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Give us feedback:

v = factis correct

fact is false

<nttp://abpedia.orgiresource/James_Hetfield>
VK it /A metallicakcom/>
VX ER

Download
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Entity Linking

Entity linking (aka. “Wikification”):
® process of spotting mentions of named entities in documents,
resolving their ambiguity, and linking them to known identifiers
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Entity Linking

Entity linking (aka. “Wikification”):
® process of spotting mentions of named entities in documents,
resolving their ambiguity, and linking them to known identifiers

Page played his Gibson on Kashmir.
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Entity Linking

Entity linking (aka. “Wikification”):
® process of spotting mentions of named entities in documents,
resolving their ambiguity, and linking them to known identifiers

played his on
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® process of spotting mentions of named entities in documents,
resolving their ambiguity, and linking them to known identifiers
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Entity Linking

Entity linking (aka. “Wikification”):
® process of spotting mentions of named entities in documents,
resolving their ambiguity, and linking them to known identifiers

played his on
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Outline

© Entity Linking
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Remember: Named Entities

anything you can refer to with a name

® |ocation, person, organization
= facilities, vehicles, songs, movies, products

(and domain-dependent ones: genes & proteins, ...)
= sometimes: numbers, dates

relevant in IR
entities are popular and extremely frequent in queries

names are highly ambiguous
= Washington — place(s), person(s), (government)
= Springfield

lllpll“‘
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Remember: Named Entity Recognition

tasks
= extraction — determine the boundaries
® classification— assign class (PER, LOC, ORG, ...)

systems
® rule-based — with gazetteers, context-based rules (Mr.), ...

= machine learning — features: mixed case (eBay), ends in digit
(A9), all caps (BMW), ...

= several tools available (e.g., Stanford NER)

extraction is good, but normalization is better J
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Remember: Named Entity Normalization

same task, many names
= normalization

® |inking

= resolution

® grounding

example: Washington

® /wiki/Washington, _D.C.

" /wiki/Washington_Y%28state%29
/wiki/Washington_Irving
/wiki/Washington_Redskins
/wiki/George_Washington

tools
= several tools available (AIDA, ...)
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/wiki/Washington,_D.C.
/wiki/Washington_%28state%29
/wiki/Washington_Irving
/wiki/Washington_Redskins
/wiki/George_Washington

Motivation Semantic Web Knowledge Bases Entity Linking

just recognition, no normalization
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Outline

Q Semantic Search
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data
Keywords Toxt
[axT]m Keywords pe
+ Types Q Structured
°
-ml Structured E Structured
OK] + Keywords +Text
®
Text
o lext
/2 Structured +Structured
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data Result
Keywords Text Documents
[axT]m Keywords pe
+ Types a Structured
° . =
® Entities
-ml Structured E Structured .
OK] + Keywords +Text
o
o Structured Jext . Subgraphs
— +Structured
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data Result
Keywords Text Documents
[axT]m Keywords pe
+ Types j:l Structured
[
@ Entities
[ax []
-: Structured o T Structured .
O + Keywords +Text
°
Structured = Io%; f N Subgraphs
R — | +Structured
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data Result
Keywords Text Documents
[axT]m Keywords pe
+ Types ;l Structured
e ot =
® Entities
Structured o B Structured .
O‘/] + Keywords +Text
°
Structured \|| 25| = 'Q Subgraphs
e —| +Structured P4
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data Result
Keywords Text Documents
[axT]m Keywords pe
+ Types Q Structured
o . Entiti
® Entities
Structured o~ 1E Structured .
O‘/l + Keywords +Text
[
Structured Text / .Q Subgraphs
s +Structured P4
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Semantic Search

= Semantic search includes a wide variety of approaches
(see Tranh and Mika [5] for a comprehensive overview)

Query Data Result
Keywords Text —— Documents
[ax1]m Keywords pe
+ Types .Q Structured
+Iypes °
® Entities
=0 Siructured B Stuctured ¢
0"1 + Keywords +Text
°
o 3 \ lext . Subgraphs
K} tructured +Structured ‘\ SR
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Semantic Search Examples

= (More) Semantic Keyword Search improves ad-hoc
information retrieval by leveraging knowledge bases
(input: keywords, output: list of documents)

= Entity Search retrieves entities based on keyword queries
which may include explicit/implicit cues about the target type
(input: keywords + types, output: list of entities)

= Knowledge Search retrieves subgraphs as answers to
structured queries which may be augmented with keywords
(input: structured + keywords, output: list of subgraphs)
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Semantic Keyword Search

= Synonymy (e.g., car/automobile) and polysemy (e.g., jaguar
as cat, car, guitar): negative effects on retrieval effectiveness

= Concept-based IR represents queries and documents in
terms of (semantic) concepts instead of terms

— WordNet synsets after word sense disambigutation
— Latent concepts identified based on word co-occurrences
= Explicit Semantic Analysis (ESA) [3]: words (e.g., jaguar) in
terms of the Wikipedia concepts that they describe
(e.g.,JAGUAR, JAGUAR_CARS, JAGUAR_XK, FENDER_JAGUAR)

do you remember last week? |
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Why Novelty & Diversity?

» Ambiguity of query needs to be reflected in the returned results
to account for uncertainty about the user’s information need

» Query ambiguity comes in different forms
» topic (e.g., jaguar, eclipse, defender, cookies)

» intent (e.g., java 8 — download (transactional), features
(informational))

» time (e.g., olympic games — 2012, 2014, 2016)

»

li IDlverS|ty' How well do returned results reflect query ambiguity?
[}
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Implicit vs. Explicit Diversification

» Implicit diversification methods do not represent query
aspects explicitly and instead operate directly on document
contents and their (dis)similarity

» Maximum Marginal Relevance [3]
» BIR (Beyond Independent Relevance) [11]

» Explicit diversification methods represent query aspects
explicitly (e.g., as categories, subqueries, or key phrases) and
consider which query aspects individual documents relate to

» |A-Diversify [1]
» xQuad [10]

» PM[7,8]
gy
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5.4.2. eXplicit Query Aspect Diversification

» Santos et al. [10] use query suggestions from f‘;:’i"es 'elag‘e‘“offa’
a web search engine as query aspects audi joguar price
» Greedy algorithm, inspired by IA-SELECT, foguar
iteratively builds up a set S of size k —
by selecting document having highest probability oo
(I1-=XN)P[d]|q]+AP[d,~S|q] o

where P[d|q] is the document likelihood and captures relevance

and P[d,=S|q] is the probability that d covers a query aspect

not yet covered by documents in S and captures diversity
gy
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Entity Oriented Search

Entity Search retrieves entities based on keyword queries

= queries may include explicit/implicit cues about target type
(input: keywords + types, output: list of entities)

= Queries for specific entities are common in web search (e.g.,
museums with van goghs, bayern munich players, etc.)

® Product search with type cues are common in e-commerce

Books * math for computer science

Software ~  math for computer science|
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LM for Entity Oriented Search

Balog et al. [1] develop a language modeling approach,
assuming that entities come with ready-to-use representation:

= 3 textual description (Wikipedia article, IMDB profile, etc.)

= aset of categories with meaningful names (e.g., American film)

>

i B

tools, pocket knifes, power

American film, 2002 film, and hand tools, ...
films about drugs, ...
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LM for Entity Oriented Search

Query q = (T, C) consists of textual terms T and categories C

= Estimate language models ¢/ and 6 for query components
» Estimate language models 0] and S for entity components

= Rank entities for query q according to query likelihood
Plale] = A- P[6§104] + (1 = A) - P0G |0§]

with probabilities estimated from Kullback-Leibler
divergences
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LM for Entity Oriented Search

Heuristic estimation of probabilities P[f|0e] from
Kullback-Leibler divergences to make them comparable and
combinable

maxe+ KL(6q||0e+) — KL(6g|0e)

P[04|0e] =
(06l S o Maxe: KL(0g||0ex) — KL(04]0e)

Language modeling framework with various instantiations
evaluated and compared, e.g.,

= estimate 6] from T and C but ignore 65 (M2)

= estimate both 6 and 65 from T (M3)

= estimate 6] only from T and 65 only from C (M4)
estimate 6/ from T and C and 65 only from C (M5)
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LM for Entity Oriented Search

= dataset: INEX entity ranking: given a query, return entities
= Example: Query T = {Paul Auster novels} C = {NOVELS}

what performs better M3 or M4? |
Table VI. The Top 10 Ranked Entities for Topic #91
rank M3 qT-Q M4 qT-QC
1 The New York Trilogy In the Country of Last Things
2 Moon Palace The Winthrop Woman (novel)
3 Brooklyn Follies Extremely Loud and Incredibly Close
4 In the Country of Last Things Novel sequence
5 The Book of Illusions The City and the Pillar
6 Oracle Night Going After Cacciato
7 The Music of Chance Raj Quartet
8 Paul Auster Paul Clifford
9 Fanshawe (novel) The Age of Reason (Sartre)
10 French literature of the 19th century The Notebooks of Malte Laurids Brigge

Boldface Indicates Relevant Entities.
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LM for Entity Oriented Search

Table VI. The Top 10 Ranked Entities for Topic #91

rank M3 qT-Q M4 qT-QC
1 The New York Trilogy In the Country of Last Things
2 Moon Palace The Winthrop Woman (novel)
3 Brooklyn Follies Extremely Loud and Incredibly Close
4 In the Country of Last Things Novel sequence
5 The Book of Illusions The City and the Pillar
6 Oracle Night Going After Cacciato
7 The Music of Chance Raj Quartet
8 Paul Auster Paul Clifford
9 Fanshawe (novel) The Age of Reason (Sartre)
10 French literature of the 19th century The Notebooks of Malte Laurids Brigge

Boldface Indicates Relevant Entities.

= (M4) uses a general target category (“novel”)

= “The Winthrop Woman (novel)” Wikipedia page has many
categories with “novel”

® one of the categories found for (M3) is “Novels by Paul Auster”

= “The New York Trilogy” Wikipedia page has category “Novels
by Paul Auster”
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Summary

= Semantic Web aims at making the Web interpretable for
machines; underlying standards include RDF and SPARQL

= Knowledge Bases provide world knowledge in structured
form have been harvested from Wikipedia and other data
sources

= Entity Linking is crucial (if we want to return text documents)

= Entity Search retrieves entities based on keyword queries
which may include type cues; applications in web search and
business

Thank you for your attention! |
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Summary

References

1 K. Balog, M. Bron, M. de Rijke: Query Modeling for Entity
Search Based on Terms, Categories, and Examples, ACM
TOIS 29(4), 2011

2 T. Berners-Lee, J. Hendler, O. Lassila: The Semantic Web,
Scientific American, 2001

3 O. Egozi, S. Markovitch, E. Gabrilovich: Concept-Based
Information Retrieval, Using Explicit Semantic Analysis, ACM
TOIS 29(2), 2011

4 T. Pellissier Tanon, D. Vrandecic, S. Schaffert, T. Steiner, L.
Pintscher: From Freebase to Wikidata: The Great Migration,
WWW 2016

5 T. Tranh and P. Mika: Semantic Search & Systems, Concepts,
Methods, and the Communities behind it, 2013

Inl p [ B o planck institu © Jannik Strotgen — ATIR-06 62/64



Motivation Semantic Web Knowledge Bases Entity Linking Semantic Search

Summary

Thank you for your attention! |

Furthermore:
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Thanks

some slides / examples are taken from / similar to those of:

® Klaus Berberich, Saarland University, previous ATIR lecture
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