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Spectrum of Machine Knowledge

factual:
bornin (SteveJdobs, SanFrancisco), hasFounded (SteveJobs, Pixar),

hasWon (Stevedobs, NationalMedalOfTechnology), livedin (SteveJobs, PaloAlto)

taxonomic (ontology):
iInstanceOf (SteveJobs, computerArchitects), instanceOf(SteveJobs, CEQOs)
subclassOf (computerArchitects, engineers), subclassOf(CEOs, businesspeople)

lexical (terminology):
means (“Big Apple®, NewYorkCity), means (“Apple*, AppleComputerCorp)
means (“MS“, Microsoft) , means (“MS“, MultipleSclerosis)

multi-lingual:
meansinChinese (,,77X Bil&“, K2), meansInUrdu (,,s =%, K2)
meanslinFr (,,école”, school (institution)), meansinFr (,,banc®, school (of fish))

temporal (fluents):

hasWon (Stevedobs, NationalMedalOfTechnology)@1985
marriedTo (AlbertEinstein, MilevaMaric)@[6-Jan-1903, 14-Feb-1919]
presidentOf (NicolasSarkozy, France)@[16-May-2007, 15-May-2012]



Knowledge Harvesting from Web Sources

(Automatic) Construction of Comprehensive Knowledge Bases
100 Mio‘s of entities, classes, relationships, common-sense properties
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Knowledge for Intelligence

Enabling technology for:

Xxdisambiguation in written & spoken natural language

Xxdeep reasoning (e.g. QA to win quiz game)

*machine reading (e.g. to summarize book or corpus)

Xsemantic search in terms of entities&relations (not keywords&pages)
*xentity-level linkage for the Web of Data

* Politicians who are also scientists?

% European composers who have won film music awards?

% French professors who founded Internet companies?

% Relationships between
Alexander Pushkin, Evariste Galois, Johnny Ringo, and Hamlet?

X Enzymes that inhibit HIV?
Influenza drugs for teens with high blood pressure?
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The World’s First Knowledge Base

s YSTEME FIGURE

DES CONNOISSANCES HUMAINES

ENTENDEMENT.

CrviLe,
ANc.
ET Mo-
DERNE.

NaTu-
RELLE.
\

MEMOIRE.

(SAcCREE. (HI1sTOIRE DESPROPUETIES.

ECCLESLASTIQUE.

~ MEMQIRES.
Hist, CIVILE, propremens S

£ ANTIQUITES.

[{1sToIRE LITTERAIRE, Znurozﬂ. COMPLETE.

EISTOIRE CELLSTE.

~
UxtraR- DES METEDRES,

D LA TERRE FT DELA MER.

CINERAUN,
ysTomE 4 DES MINERAU
DES VEGETAUX.
DES ANIMAUX.

DES ELEMENS,

PRODIGES CELESTES.
METEORES FRODIGIEUX,

PRODIGES SUR LA TERRE ET LA MER.

1

DE LA
NATURE- J G pravx MONSTRUEUX.
ANIMAUX MONSTRVEUX,

PRODIGES DES ELEMENS.

SERAUX MONSTRUEUX,

TARGENT-

Taaverz
2e Pran

Taavarz )G
r Usauks
v VEsie.

ANTS. Lussrien,
USAGES )yzriens. Vernain, 66
DE LA
NATURE- UL Slt\-xnu.
27 Usacis
083 Fravx Zl'lmxurx.
G asate

Cowynncn, e
sosE, &

Tinans.
" evare JHovEErSE.

LI 54 Ovvraoes, comme
arrasorss Wasauns,

TRa 7.4111

i1 Usaces \ Drarerin,
o) jll-mxuu\:l. e

ca Lasve.

Taavasy
Uit

Dxosvers srocuis, Ge.

o}
o
o}
»
=
(-5

Sct

"HonmmME,

Scren

METAPHYSIQUE GENERALE, o ONTOLOGIE, o4 §
EN GENERAL, DE LA Possipietté, DE UEXISTENCE, DE La Dunkx, &

DE
DIEU.

A
RAISON.

ENCE DE L'ETRE

rioxs.

THiaLoGIR 'AtcnsLu:.l""I’ 10
€E JTuforocir REVELER. fsurEdsy

xc¢n nEs EspriTs

S 2 LRIFINATION.
BIEN ET MAL FATSANS.

SMAGIE NOIRE.

NAISQ
ENSIT

PNEUMATOLOGIE ou SCIENCE DE 1.'Amv:{ XNABLE,

Asenenen- §somme e e
rax.
ENENT, -« - SCliney vxy Propus;

Screxer axz
SaNaTRE
inr e SORAMMAIRL

xx

scoras.

Cxitique,

Piossnat {Cu x o135 ETupin
Que, Manihnn o'exo1ionzs

.
aue s ax Porsc e Vaasisleation,

SCIENCE DY prax AT e WAL B¥ GExERAL DEs DIVOIRS EN CENERAL:
utx:MLl{ Dy v rs 24 NACKITITE BRITRE VERTULUX 5 Res

Naresesce,
S " @eovousqus. )
rricv. Q.05 skl

T
e

INTIRITUR, IXTERSCUR,
1o 3o,

METAPHYSIQUE DES CONTS, ou PHYSIQUE GENERALE. DE LETINDUR,
DE teENETRABILITE, DU MOUVEXENT, pu Vuinn, &

NoMsATQUE,
Amrruerrr Berwewrams.
o

Ascrenz, ., iTesi
PURES. er Inrionatt,

EXEXENTAIRE, (ARCKITECTVRE MILITAIE,
GEOMETRIZ.

LTI THIVCN

1RanscENDANTE. { THICRIE 285 Coonnes,

Sraz

il %51n1~;u,,wpmemﬁn.
"2 Hrorosianiqui.

'Y

Lruaniqus

Mgrrru«r-s
IS 2

Cosmooan

Asrsoxomir
MINTES. ¢ cromerai-
s,

MATHEMATIQUES

Orrigus.

AcovsTiouE.

NCE DE LA NATURE.

Pyzunazigus.
AXT DE cONIECYUSIR. ANALYSE DES RAZARDE.

CHYSICOMATHENATIQUES,

gnyL: }l»n.r' o
SDivonsi- §Ananyar
1Y YAazies Synimneis
Nervseras
Mireixe, . ARTIFE $Privanine.
ART Eversins.
. fuEresin {.«- i~ x,.g >
B \vun.d!v.) 2
2 o
G Panteminn.
’\: DicLanation.
3 Ioravx,
Hinoatsenr

HYpRAsLIQUE.
Navigadton, Aremit, Kayate,

ESTE

POE

PROFANE.

SACREE.

MABRIGAL
PIGRAMME
NOMAN, 6.

TRAGEDIE.
COMEDIE.
OFERA,

PASTORALES , §c.

" { ALLEGORIES.

sorger. 311

Frinzese.
Scurerens.

ARCRITECTURE CIVILE.

TRENINTACEL

Crarvs,

Jean le Rond

d‘Alembert
(1717-1783)

Denis

Diderot
(1713-1784)

O

iderot & d‘Alembert (Eds.)
751-1780

5 volumes, 4250 copies
1818 articles, 3129 figures
8000 pages, 20 Mio. words
250 contributors

N 2 N W



The World‘s First Knowledge Base
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LOGIA, (Géog. anc. ) riviere d'Hibernie , fuloa
Ptolomée, liv. I1. chap. ij. c’eit-a-dire de l'lrlande ;
Camden croit que ceft Logh-Foyle, efpece de gol-
phe dans la province d’Uliter, au com:¢é de Lon-
donderi , qu fe dicharge dans ['Océan chalccdo-
nien, ( D.J.)

LOGIQUE, f. 1. ( Philel. ) la log:que eft I'art de
penfer juite, ou de faire un ufage convenable de
nos facultés rationnelles, en détiniffant, en divi-
fant, & en raifonnant. Ce mot eft dérive de pejec,
termé grec, qui rendu en latin eft la méme chole
que fermo , & en frangois que difcours; parce que
la penfée n’eft antre chofe qu'une efpece de difcours
intérieur & mental , dans lequel Pefprit converfe
avec lui-méme.

La logigue fe nomme fouvent draleclique , & quel-
quefois aufli l'arz canonigue, comme étant un canoir
ou unc regle pour nous diriger dans nos raifonne-
mens.

Comme pour penfer jufte il e néceflaire de bien
appercevoir, de bien juger, de bien difcourir, &
de lier méthodiquement fes idées ; il fuit de- 13 que
Pappréhenfion ou perception, le jugement, le dif-
cours & la méthode deviennent les quatre articles
fondamentaux de cet art. C’eit de nos réflexions fur
ces quatre opérations de P'efprit que fe forme Ia
logique.

Le lord Bacon tire la divifion de la logique en qua-
tre parties, desquatre fins qu'on s’y propofe ; car
un homme raifonne, ou pour trouver ce qu'il cher-
che, ou pour raifonner de ce qu’il a trouyé , ou
pour retenir ce quila jugé, ou pour enfeigner aux
autres ce qu'il a retenu @ de-1a naiffent autant de
branches de l'art de railonner , {favoir l'art de la
recherche ou de U'invention, l'art de 'examen ou
du jugement, l'art de retenir ou de la mémoire,



Modern Knowledge Bases

wordNet — \NordNet project

..........

S | (1985-n ow)

........

\

Christiane
Fellbaum

WordMNet Search - 3.1

Moun

* 5. (n}) enterprise, endeavor, endeavour (a purposeful or industrious undertaking
(especially one that requires effort or boldness)) “he had douvbts about the whole
enterprize”

* 5. (n} enterprise (an organization created for business ventures) “a growing
enterprise must have a bold leader”

* 5. (n)} enterprise, enterprizingness, initiative, go-ahead (readiness to embark on
bold new ventures)




Modern Knowledge Bases

@ direct hyponym [ full hyponym
# = (n} giant (an unusually large enterprize} "Walton built & retail giant™
® 5 n} collective (members of a cooperative enterprise)
® T (n) business, concern, buginess concern, business organization,
business organization (a commercial or industrial enterprize and the
people who constitute it} "he bought hiz brother’s businezz"; "a amall
mom-and-pop business"; "a racially integrated busineszs concern”
o direct hyponym I full hyponym
# 5 (n} agency (a business or organization that provides a
particular service, ezpecialty the mediation of tran=actions
between two partiez)

# 5 (n} adverizing agency, ad agency (an agency that
designs advertizement to call public attention to is
clients)

# 5 (n} credit bureau (a private firm that maintains
consumer credit data files and provides credit
information to authorized uzers for a fee)

® 5 (n) detective agency (an agency that makes
inguiries for itz clientzs)

# 5 (n} emplovment agency, emplovment office (an
agency that finds people to fill particular jobs or finds
jobs for unemploved people)

# 5 (n} mercantile agency, commercial agency (an
organization that provides businesses with credit
ratings of other firms} "Dun & Bradsirest iz the largest
mercantile agency in the United States”

® 5 (n) news agency, press agency, Wire ervice,
press azsociation, news organization, news
organization (an agency to collects news reports for
newspapers and distributes it electronicalby)

#* 5 (n} syndicate (a news agency that sells
features or articles or photographs etc. to
newspapers for simultaneous publication)

* 5 (n}service agency, 2ervice bureau, service firm (a
business that makes itz facilties available to others for
a fee; achieves economy of scale)

™, r_Y e A

® % (n)} firm, house, buziness firm (the members of a bugsiness

organization that owns or operates one or more
establishments) “he worked for 8 brokerage house"
® 5 (n} corporation, corp (a business firm whose
articles of incorporation have been approved in some
state)

# 5 (n} conglomerate, empirg (a group of diverse
companies under commen ownership and run as
a single organization}

# = (n} publizhing conglomerate, publizhing
empire (a conglomerate of publishing
companies)

#= 5 (n) large cap (a corporation with a large
capitalization) “he works for a large cap”

# 5 (n} =mall cap (a corporation with a small
capitalization) “this annual conference iz &
showcase for ambitious small caps®

# 5 (n} closed corporation, cloge corporation,
private corporation, privately held corporation (a
corporation owned by a few people; shares
have no public market)

® 5 (n) familv business (a corporation that is
entirely owned by the members of a single
famihy)

#= 5 (n} closely held corporation (stock is publichy
traded but most iz held by a few shareholders
who have no plans to sell)

# 5 (n} shell corperation, ghell entity (a company
that is incorporated but has no assets or
operations)

# 5 (n} Federal Depesit Insurance Cerporation,
EDIC {a federaly sponsored corporation that
inzures gccounts in national banks and other




Modern Knowledge Bases

S: (n) enterprise (an organization created for business ventures) “a growing
enterprise must have a bold leader”
O direct hyponym | full hyponym
e S: (n) giant (an unusually large enterprise) *“Walton built a retail giant®
e S: (n) collective (members of a cooperative enterprise)

e S: (n) business, concern, business concern, business organization,

* 5. (n) entrepreneur, enterprizser (someone who organizes a business venture
and assumes the rizk for it}
© has instance

®» 5. (n) Gates, Bill Gateg, Wiliam Henry Gates (United States computer
entrepreneur whose software company made him the youngest multi-
billionaire in the history of the United States (born in 1955))

® 5. (n) sinclair, Clive Sinclair, Sir Clive Marles Sinclair (English electrical
engineer who founded a company that introduced many innovative
products (born in 15940))

+ focus on classes and taxonomic structure

— few or no instances (entities) of classes
# 5 (n) capitalist (a person who invests capital in a business
(especially a large business)})
® 5. (n) person, individual someone, somebody, mortal soul (a
human being) “there was too much for one person fo do”
5. (n) organi=m, being (a living thing that has (or can
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Steve Jobs

From Wikipedia, the free encyclopedia

Faor the biography, see Steve Jobs (biography).

Steven Paul Jobs (/'dzobz/; February 24, 1955 — October 5, 2011)**! was an American businessman and

chairman, and chief executive officer of Apple Inc. Jobs also co-founded and served as chief executive of Pixar
Animation Studios; he became a member of the board of directors of The Walt Disney Company in 20068, following
the acquisition of Pixar by Disney.

In the late 1970s, Apple co-founder Steve Wozniak engineered one of the first commercially successful lines of
personal computers, the Apple Il series. Jobs directed its aesthetic design and marketing along with A.C. "Mike"
Markkula, Jr. and others. In the early 1980s, Jobs was among the first to see the commercial potential of Xerox
FARC's mouse-driven graphical user interface, which led to the creation of the Apple Lisa (engineered by Ken
Rothmuller and John Couch) and, one year later, creation of Apple employee Jef Raskin's Macintosh.

After losing a power struggle with the board of directors in 1985, Jobs left Apple and founded MNeXT, a computer
platform development company specializing in the higher-education and business markets. NeXT was eventually
acquired by Apple in 1996, which brought Jobs back to the company he co-founded, and provided Apple with the
NeXTSTEP codebase, from which the Mac OS5 X was developed.”™ Jobs was named Apple advisor in 1996, interim
CEQ in 1997, and CEO from 2000 until his resignation. He oversaw the development of the iMac, iTunes, iPod,
iPhone, and iPad and the company's Apple Retail Stores.™® In 1986, he acquired the computer graphics division of
Lucasfilm Ltd, which was spun off as Pixar Animation Studios."'” He was credited in Toy Story (1995) as an
executive producer. He remained CEO and majority shareholder at 50.1 percent until its acquisition by The Walt
Disney Company in 2006,"""! making Jobs Disney's largest individual shareholder at seven percent and a member of
Disney's Board of Directors ['=17=!

In 2003, Jobs was diagnosed with a pancreas neurcendocrine tumor. Though it was initially treated, he reported a
hormone imbalance, underwent a liver transplant in 2009, and appeared progressively thinner as his health
declined ["*! On medical leave for most of 2011, Jobs resigned as Apple CEQ in August that year and was elected
Chairman of the Board. On October 5, 2011, Jobs died of respiratony arrest related to his metastatic tumor. He

N\ 7

Jimmy Larry
Wales Sanger

Steve Jobs

Jobs holding a white iPhone 4 at Worldwide
Developers Conference 2010

Born Steven Paul Jobs

February 24, 19550"1[Z]

San Francisco, California, u s
Died October 5, 2011 (aged 56)1<

Palo Alto, California, U.5.

Hationality American

Alma Reed College (dropped out)
matar
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& New Opportunit sanFrancisc,Catforni, U,

Died October 5, 2011 (aged 581
St Palo Alto, California, U.5.
StEVE Jobs Nationality American
From WWikipedia, fhe free encyclopedia Alma Heed College (dropped out)
For the biography, see Steve Jobs (biography). mater

.Steuen Fgul Jobs [f_'_gg,_t_:}_t;-_%f: Februa.r'_,.r 24., 19.55 — October 5, 2011)*= was an Amgrica{g_{?ysine Dccupation Co-founder, Chairman and CEQ,
inventor widely recognized as a charismatic pioneer of the personal computer revolution ™"~ He

chairman, and chief executive officer of Apple Inc. Jobs also co-founded and served as chief exec Apple Inc., Co-founder and CEO,
Animation Studios: he became a member of the board of directors of The Walt Disney Company Pixar, Co-founder and CEQ, NeXT

the acquisition of Pixar by Disney. Inc

In the late 1970s, Apple co-founder Steve Wozniak engineered one of the first commercially succ

personal computers, the Apple |l series. Jobs directed its aesthetic design and marketing along Years 1974201
Markkula, Jr and others. In the early 1980s, Jobs was among the first to see the commercial pot  getive

FARC's mouse-driven graphical user interface, which led to the creation of the Apple Lisa (engine

Categories: Steve Jobs | 1955 births | 2011 deaths | American adoptees | American billionaires
American chief executives ||American computer businesspeople|| American industnal designers
American inventors)| American people of German descent | American people of Swiss descent

American people of Synan descent | American technology company founders J| American Zen Buddhists
Apple Inc ]| Apple Inc. employees | Businesspeople from California | Businesspeople in software
Cancer deaths in California | Computer designers | Computer pioneers | Deaths from pancreatic cancer
Disney people | Internet pioneers)| Mational Medal of Technology recipientsm

ﬁ]rgan transplant recipients | People from the San Francisco Bay Area | Pescetarians

Reed College alumni




Automatlc Knowledge Base Construction

WordNet Search - 3. 1

=« map 300K Wikipedia categories
onto 150K WordNet classes

American billionaires »i tycoon, magnate}

Technology company founders ﬁfentrepreneur }

Apple Inc. —I (

Deaths from cancer ——— 2 —{ pioneer, innovator

Internet pioneers - —— ? .
ﬂ\pioneer, colonist )

Integrating entities & facts from Wikipedia
with semantic classes in WordNet

— YAGO knowledge base:

10 Mio. entities, 350 000 classes,
180 Mio. facts, 100 relations,

100 languages, 2 Bio. triples,
95% accuracy




Large-Scale Universal Knowledge Bases

Yago: 10 Mio. entities, 350 000 classes,
180 Mio. facts, 100 properties, 100 languages
high accuracy, no redundancy, limited coverage
http://lyago-knowledge.org

Dbpedia: 4 Mio. entities, 250 classes, KX P
500 Mio. facts, 6000 properties ——— T
high coverage, live updates 12
http://dbpedia.org

Freebase: 25 Mio. entities, 2000 topics, =
100 Mio. facts, 4000 properties

Interesting relations (e.g., romantic affairs)
http://freebase.com

NELL: 300 000 entity names, 300 classes, 500 properties, o Eine
1 Mio. beliefs, 15 Mio. low-confidence beliefs Read TheWeb
learned rules
http://rtw.ml.cmu.edu/rtw/

and more ... plus Linked Data


http://yago-knowledge.org/
http://yago-knowledge.org/
http://yago-knowledge.org/
http://yago-knowledge.org/
http://yago-knowledge.org/
http://freebase.com/
http://rtw.ml.cmu.edu/rtw/
http://www.cmu.edu/index.shtml
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Knowledge Base Population

hasAdvisor (<person>, <person>) AlmaMater (<person>, <university>)

Jim Gray was one of Harrison‘s best students

Barbara Liskov wrote her thesis under the guidance of McCarthy
Pierre Senellart was one of Serge‘s best students

Serge Abiteboul was grateful to his advisor Ginsburg

Seymour Ginsburg was influenced by Leibniz

Seymour and his advisor Ben Dushnik never co-authored any paper
Serge and Victor co-authored many papers

C> hasAdvisor (JimGray, MikeHarrison)
hasAdvisor (BarbaraLiskov, JohnMcCarthy)

AlmaMater (JimGray, Berkeley)

AlmaMater (Barbaraliskov, Stanford)

Pattern-based Gathering 4+ Constraint-aware Reasoning
(statistical evidence) (logical consistency)



Pattern-based Gathering of Fact Candidates
(Linguistic Patterns and Statistical Evidence)

Facts & Fact Candidates Patterns
(JimGray, MikeHarrison) S X and his advisor Y
(BarbaraLiskov, JohnMcCarthy) X under the guidance of Y

(Serge, Seymour) /

(Pierre, Serge) X and Y in their paper
(Nicoleta, loana) > X co-authored with Y

(Nicoleta, Fabian) _
/ X was influenced by Y
> s

(Serge, Victor)
(Victor, Serge) * good for recall

(Seymour, Leibniz) * noisy, drifting
(Seymour, Schwarzenegger) * not r_obust er_lo_ugh
(Nicoleta, Versailles) for high precision




Constrained Reasoning for Logical Consistency

Use knowledge (consistency contraints)
for joint reasoning on hypotheses
and pruning of false candidates

ground atoms:

V X,V, Zz: hasA(X,y) A hasA(Xx,z) = y=z

V X, ¥: hasA(Xx,y) = — hasA(y,X)

V X, ¥, p: occurs (X, Y, p) AgoodPattern(p, hasA)
= hasA(X,y)

V X, ¥, p: occurs (X, Y, p) A hasA(x,y)
= goodPattern(p, hasA)

V X, Yy: hasA(x,y) = type(x)=Person

V X, y: hasA(x,y) = type(y)=Scientist

YV X, y: hasA(x,y) = hasStudent(y,x)

Vv X, y: AlmaMater(x,y) = type(y)=University

YV x,y,u: hasA(x,y) A AlmaMater(x,u) = FacultyOf (y,u)
Vv x,y,s,t: hasA(X,y) A gradYear(x,s) A gradYear(y,t) =>t<s

hasA(Serge, Seymour)
hasA(Nicoleta, loana)
hasA(Nicoleta, Fabian)
hasA(Serge, Victor)

hasA (Victor, Serge)

hasA (Nicoleta, Versailles)
hasA (Seymour, Leibniz)




Constrained Reasoning for Logical Consistency

Use knowledge (consistency contraints) |ground atoms:

for joint reasoning on hypotheses hasA(Serge, Seymour)

and pruning of false candidates hasA(Nicoleta, loana)

| Nicoteta—Fabiam
V X, VY, z: hasA(x,y) A hasA(x,z) = y=z rasA Ee tiegts|; Sergei)
V X, y: hasA(x,y) = = hasA(y,x) hacA (Plieele’ta, Viersaites)
V X, Y, p: occurs (X, Y, p) AgoodPattern(p, hasA) |paca (Seymour-Leibniz)
= hasA(Xx,y)

YV X, Yy, p: occurs (X, Y, p) A hasA(x,y)
= goodPattern(p, hasA)
V X, Y: hasA(x,y) = type(x)=Person
V X, y: hasA(x,y) = type(y)=Scientist
V X, ¥: hasA(x,y) = studentOf(y,x)
Vv X, y: AlmaMater(x,y) = type(y)=University
Vv x,y,u: hasA(x,y) A AlmaMater(x,u) = FacultyOf (y,u)
Vv X,y,s,t: hasA(x,y) A gradYear(x,s) A gradYear(y,t) => s <t

Find consistent subset(s) of atoms (“possible world(s)“, “the truth®)
— customized Weighted MaxSat solver for set of clauses
— max a posteriori for probabilistic factor graph



PROSPERA: Web-Scale Experiments

[N. Nakashole et al.: WSDM*11]

* on ClueWeb‘09 corpus: 500 Mio. English Web pages
« with Hadoop cluster of 10x16 cores and 10x48 GB memory

« 10 seed examples, 5 counter examples

for each of 15 relations on sports and academia

Runtime (hours)
o N B2 o
|

1 2 3 4 5 6

Iteration

¥ Reasoning

" Pattern
analysis

Accumulated

Number of
extractions

60000
50000
40000
30000
20000
10000

D-

1

2 3 4 5 6

Iteration

more than 100,000 facts acquired after 6 iterations

with overall precision = 90%

and 99% precision@1000 for each of the relations
www.mpi-inf.mpg.de/yago-naga/prospera/
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Outline

v" Knowledge for Machines
v’ Construction of Knowledge Bases

v" KB Population from Text & Web Pages
% Knowledge for Intelligent Applications
% Opportunities & Challenges

% Conclusions



Application: Question Answering

William Wilkinson's "An Account of the
Principalities of Wallachia and Moldavia"
inspired this author's most famous novel

)
A V
L

— =S

0 s2,400 b Bl s36.681 ¥ 5,400 I
Len. I l wmsouj BRAD

——

This town is known as "Sin City" & its
downtown is "Glitter Gulch"

As of 2010, this is the only
former Yugoslav republic in the EU

. POLNA
99 cents got me a 4-pack of Ytterlig ”‘Zf\‘i},ﬁ\,;
. . . ic ol st
coasters from this Swedish chain :;@/l?gj ;—%b;;ia
—";‘55(1?,5'

WIKIPEDIA

The Free Encyclopedia

question knowledge
classification & back-ends
decomposition

freebase

D. Ferrucci et al.: Building Watson: An Overview of
DeepQA Project. Al Magazine, Fall 2010.

www.ilbm.com/innovation/us/watson/index.htm
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™E

Application: Machine Reading | e

WiTH

THE

It’s about the disappearance forty years ago of| Harriet Vanger,|a young DRAGON
scion of{ one of the wealthiest families in,S\7veden her unclg, TATT09 :
determined to know the trut teves was her murder. LARS“O?IHEG
Blomkvistlvisitd Henrik Vanger t same and of Hedeby. 1R
The old man]“'"'“ ~ BlophRvistdn ormifSING SO 'd evidence against{\Wennerstrom.
Blomkvist 3¢ > spenl a year writinn t {\Vanger family history as a cover for qhe real
assignment: the disappearance of \ niece Harriet some 40 years earlier. Hedeby is
home to several generations\Qf Vangers, all part owners |r[Vanqer Enterprised. Blomkvist
beco inted with the men he extended Vanger family, most of wjiom resent
his presence. Heldoes, however, stakt a shart lived affz Ith{Cecilia

o enemyOf
Af SAME yyeripetirat{Salander igas-ha Redlinto his\c affalirWith ersyad sdme assist
him wigt researgh. They event 5¢s4irwith AIOVErS, &Y Blomkvistjhas tr getung close

tq Lisbethjwho freats virtually everyone sne\meets with hostility. Ulti

discov,ex/that[Harriet's brother Martin,| CEO"¥f{Vanger Industries

A 24-year-old computer hacker|sporting = ~rtment of tattoos and body piercings
gt wy doing deep backgrou Jations for Dragan Armansky, who, in
tw S,ame 'ies 1 isbeth Salander]is “the perfect victim for anyone who wished her ill."

O. Etzioni, M. Banko, M.J. Cafarella: Machine Reading, AAAI ,06



Named Entity Disambiguation

Sergio talked to
Ennio about

Elils role in the

Ecstasy scene.
This sequence on
the graveyard
was a highlight in
Sergio’s trilogy
of western films.

Mentions
(surface names)

)

| Eli (bible)

| Eli Wallach




Named Entity Disambiguation

Eli (bible)

Sergiojtalked to

Eli Wallach

Enniojabout

~>| Ecstasy (drug)

Ecstasy

Ecstasy of Gold

This sequence on

the graveyard

Star Wars Trilogy

was a highlight in

~>| Lord of the Rings

Sergiol's|trilogy

of western films. Dollars Trilogy

gergio means gergio_cla_e_on%

ergio means Serge_Gainsbhourg "

Ennqo means Enn?o_AntoneIIi Entities

Mentions Ennio means Ennio_Morricone (meanings)

f Eli means Eli_(bible)

(surface names) | E|i means ExtremeLightinfrastructure
Eli means Eli_Wallac
Ecstasy means Ecstasy (drug)
Ecstasy means Ecstasy of Gold
trilogy means Star_Wars_Trilogy
trilogy means Lord_of the_Rings
triloav means Dollars Triloav




Mention-Entity Graph

weighted undirected graph with two types of nodes

r} ‘/

Sergio talked to
Ennio about

Eli Wallach | %

ﬁﬁﬁﬁﬁ | Ecstasy (drug) | %

Ecstasy : ' -
This seqj:xzon\l Ecstasy of Gold | %

the graveyard
was a highlight in |Star IR |

Sergio’s trilogy | Lord of the Rings | %
of western films. | Dollars Trilogy |§

Popularity Similarity KB+Stats

(m,e): (m,e): | m —

* freq(e|m) « cos/Dice/KL e e g B

* length(e) (context(m),
« #links(e) context(e)) %ﬁ:




Mention-Entity Graph
weighted undirected graph with two types of nodes o

bag-of-words or —
(Sergio talked to'\ Janguage model: — Eli (bible)
Ennio about - words, bigrams, _l Eli Wallach

Eli‘m— phI‘aSeS
e |Ecstasy (drug) | %
This sequence o Ecstasy of Gold | %

\the graveyard
was a highlight in

Sergio’s trilogy | | Lord of the Rings | %
of western films. | Dollars Trilogy |§

| Star Wars |

Popularity Similarity KB+Stats

(m,e): (m,e):
. freq(e|m) . cos/Dice/KL %:_':'

* length(e) (context(m),
« #links(e) context(e)) %}_ﬁﬁ:




Mention-Entity Graph

weighted undirected graph with two types of nodes

Sergiojtalked to

Ecstasy]seene.\

Enniojabout
EIi‘m

\/| Eli (bible) | g’\

{Eliwallach | B

This sequence on

the graveyard

was a highlight in

Sergiol's

Ecstasy (drug) | %

joint -
;‘m\l Ecstasy of Gold | %

/|Star Wars | =

triloqgy

of western films.

Popularity

(m,e):

* freq(e|m)
* length(e)
* #links(e)

I Lord of the Rings |§

/\I Dollars Trilogy | %

Similarity KB+Stats
(m,e): @%I:I _
» cos/Dice/KL D\:Hjj_l'_'l
(context(m),
context(e)) %ﬁ:




Mention-Entity Graph

weighted undirected graph with two types of nodes

Sergiojtalked to Eli (bible)

Enniojabout

Eli Wallach

Eli ]

n tne

Ecstasy I Ecstasy(drug)
This sequence on Ecstasy of Gold
the graveyard

was a highlight in Star Wars

Sergiols|trilogy I Lord of the Rings

of western films. Dollars Trilogy

Popularity Similarity KB+Stats Coherence

(m,e): (m,e): m = (e,e’):

 freqg(m,elm) < cos/Dice/KL e ey B * dist(types)

* length(e) (context(m), e overlap(links)
* #links(e) context(e)) %ﬁ: e overlap
(anchor words)




Sergiojtalked to

Enniojabout

Eli

e

Mention-Entity Graph

weighted undirected graph with two types of nodes

Eli (bible) |
Eli Wallach |

the graveyard
was a highlight in

Ecstasyseene: | Ecstasy (drug) |
This sequence on Ecstasy of Gold |

Star Wars |

Sergiols|trilogy

of western films.

Popularity
(m,e):

* freq(m,elm)
* length(e)

* #links(e)

Similarity

(m,e):

« cos/Dice/KL
(context(m),
context(e))

I Lord of the Rings |

Dollars Trilogy |

KB+Stats

= ——
':H:Hle—l'_"

S T

American Jews

film actors

artists

Academy Award winners

Metallica songs

Ennio Morricone songs
artifacts

soundtrack music

spaghetti westerns
film trilogies
movies

artifacts

Coherence

(e,e’):

o dist(types)

e overlap(links)

« overlap
(anchor words)



Sergiojtalked to

Ennio

Eli

Mention-Entity Graph

weighted undirected graph with two types of nodes

Eli Wallach

Ecstasy |seene.
This sequence on

the graveyard

was a highlight in

Sergiol's

I Ecstasy (drug) |

Ecstasy of Gold

Star Wars |

trilogy

of western films.

Popularity

(m,e):

* freq(m,elm)
* length(e)
* #links(e)

iLord of the Rings |

Dollars Trilogy

Similarity

(m,e):

« cos/Dice/KL
(context(m),
context(e))

KB+Stats

= ——
':H:Hle—l'_"

S T

— http:/l.../wiki/Dollars_Trilogy
Eli (bible) |  http://...wikilThe_Good, the_Bad,
http:/l...!wiki/Clint_Eastwood
http://.../lwiki/[Honorary_Academy_#

http:/l.../wiki/The_Good,_the_Bad,_
http:/l.../wiki/Metallica
http://...;wiki/Bellagio_(casino)
http://...;wiki/Ennio_Morricone

http:/l.../wiki/Sergio_Leone
http:/l.../lwiki/The_Good,_the Bad,_
http://.../wiki/[For_a_Few_Dollars_N
http:/l.../wiki/Ennio_Morricone

Coherence

(e,e’):

o dist(types)

e overlap(links)

« overlap
(anchor words)


http://en.wikipedia.org/
http://en.wikipedia.org/
http://en.wikipedia.org/
http://en.wikipedia.org/
http://en.wikipedia.org/
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Sergiojtalked to

Ennio

Eli

Mention-Entity Graph

weighted undirected graph with two types of nodes

Eli (bible) |
Eli Wallach |

' Ecstasy (drug) |

Ecstasy |jseene: |
This sequence on Ecstasy of Gold |

the graveyard
was a highlight in

Star Wars |

Sergiols|trilogy

of western films.

Popularity
(m,e):

* freq(m,elm)
* length(e)

* #links(e)

iLord of the Rings |

Dollars Trilogy |

The Magnificent Seven

The Good, the Bad, and the Ugly
Clint Eastwood

University of Texas at Austin

Metallica on Morricone tribute
Bellagio water fountain show
Yo-Yo Ma

Ennio Morricone composition

For a Few Dollars More

The Good, the Bad, and the Ugly
Man with No Name trilogy
soundtrack by Ennio Morricone

Similarity KB+Stats Coherence

(m,e): §§I:I (e,e):

« cos/Dice/KL C'\I:Hf:I—L_-I o dist(types)
(context(m), « overlap(links)
context(e)) %ﬁ: e overlap

(anchor words)


http://en.wikipedia.org/

Graph Algorithm for Joint Mapping

« Compute dense subgraph to
maximize min weighted degree among entity nodes
such that:
each mis connected to exactly one e (or at most one e)
* NP-hard — approximation algorithms

[J. Hoffart et al.: EMNLP‘11, M. Yosef et al.: VLDB‘11, M. Yahya et al.: WWW*12]



AIDA: Accurate Online Disambiguation

Disambiguation Method:

prior+sim prior+sim+coherence

Entities Type Filters:

Enter the types here

Mention Extraction:

Stanford MER Manual

“ou can manualy tag the mentions by puiting them between [| and [). HTHL Tablez
are aulomaicially disembiguated in the mansal mods,

W B I Uk EEEBE Fontse
X 2@ 0GR EE|9 0w b - 82 -
A [ =T | . T | == | p— Y | Fvmee] (K 1

Sergio talked to Ennio about Eli's role in
the [[Ecstasy]] scene. This sequence on
the graveyard was part of Sergio's
western [[trilogy]]. Ennic's composition
was later covered by Ma.

Path: p .

Disambiguate

Input Type: TEXT Overall runtime: 23ms

Types list Types tag cloud Focused Types tag coud

[Sergio Gonzalez] B8rgial talked to [--NME--|ERRBIBl about [Eli (Eible))Ell's role in
the (oM EEStasy scene. This sequence on the graveyard was par of

[Sergio Gonzalez) S@rgiel s western [The Lord of the Rings film trilogy] EFlogy -
[-MME--]Enfnia’'s composition was later covered by [-NME--]ME.

http://www.mpi-inf.mpqg.de/yago-naga/aida/
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AIDA: Accurate Online Disambiguation

Al
Eile  Edit  Wie I5kan ookmatl apHaol 11 e
|| AIDA Web interface | [ AIDA eb interface x|+
\ " 2> I 0O hittp: /A dSservice: 8080 nebaidarmif fﬂf' ™ e] [g:.' Google

Disambiguation Method:

@ prior+sim+coharence ; = -
Parameters: {default should be OK) » 0! Sergio
Sergio Leone) BErgin| talked to [Ennio

e * 122: trilogy

Entities Type Filters:

prier V8. sim. balance = 0.1 .
I i v ] .

(EPlor+sim.) V5. coh. balnce 0.4 the [The Ecstasy of Gold|EGStasyl scene. This > 5o i

e e sequence on the graveyard was part of :
Sergio Leone] §Brgin|'s western [Dallars

Ambiguity degree 5 ) ) \ » 47 Ecstasy

Eh Tr||0qv1-. [Ennio Morr\cone]- s

composition was later covered b - . i

Caoherence robustness test threshold P ¥ [o-1o + 105 Serglo

- - maiweey

Weighted Degree when Connecte

| Erorthe tyoes hera | Candidate Entity ME Similarity Weighted Degree remoyved/final Entities
Dallars_Trilogy 0.06861114688679039  0.1588452423130336  0.1061666478685554 Show

Mention Extraction: Star_‘Wars 0.00744442468582243  0.14313326275620752  0.12100120561232666 Show
Stanford NER. The_Lard_of the_Rings 0.0805124599824648  0.09627637970458644  0.08885102858526711 Show
*ou can manualy tag the mertions by putting them betwesn [ and ). HTML Tebles The_Lord_of_the_Rings_film_trilogy 0.0259279628809444902 0.0636247444322153 0.0515990393215749 Show

are automatcially disambiguated in the manual mode.

[ERSTE IV
(6 a2 e

Firates_of_the_cCaribhean_tun02&film_series
EH Fant size - wuo0z2e

S A
“11 11'I yHiEE j_-IH_ QH“- x

0.016417429674446853 0.046673034130037545 0.034763876641886007 [T shaow

- - 0.0147209828602159894 0.03334501679313565  0.03334591679313565 Show

T T e

&

#

Sergio talked to Ennio about Eli's role in
the [[Ecstasy]] scene. This sequence an
the graveyard was part of Sergio's
western [[trilogy]]. Ennio's composition
was later coverad by Ma.

Path: p A

Disambiguate

http://www.mpi-inf.mpqg.de/yago-naga/aida/
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AIDA: Accurate Online Disambiguation

AIDA
File  Edit Wiew Hista Bookmark: crapBool 11
|| AIDA Web interface | [ AIDA eb interface x|+
(- | I D http:/fdaservice: 8080 vebaidarmif - G] [g"v Google

Disambiguation Method:

m prior+sim prior+sim+coharence
Parameters: (default should be OK)

Prior-Sirmilarity-Coherence balancing ratio:
prier V8. sim. balance = 0.1
(prior+sim.) ¥S. ¢oh. balance 0.4

Amh\giity degree 5

IC]:gherence robustness test threshold [5 E rl:l | |:| LE I:I r| E-l - ta I I{E d tu | E rl rl | |:|

s
. . 1 H
Entites Type Fiers: ‘ Morricone]Ennial about [Eli vallach]Ell's role in o omedvegree e comect
Erter the types here elghted Degree removed/final Entities
H o ] ghow
| | the [The Ecstasy of Gold|[Estasyl scene. This i mmeeses o
Mentlon ExtraCtlan: 27637970458644 0.08885102858526711 [ zhuw

Stanford NER sequence on the graveyard was part of S R

373034130037545 0.03476387664188607 [T shaow

“ou can manually tag the mentions by putti [SEI.-E“D LEDHE] -ls WE stern | DI:I”EH'S 34501679313565  0.03334501679313565 [ Show
are automatcially dizambiguated in the mani D.0326037955634308 | show

e Trlll:l . EI"”"III:' MDrrIEDr‘IE |S IF460687272886 0.02387460687272886 ] Show
J0|e 7 us|=E== _gyj- [ ]Ennio SN RN T
% 2o imwl|#8 o0 i = composition was later covered by [vo-vo R

e B e M-- ——E
Sergio talked to Ennio about Eli's role in eSS N T e oo (Ul Sl
the [[Ecstasy]] scene. This sequence on ====

the graveyard was part of Sergio's 0.0030601042893 151467 0,0030691043653 81467 e

western [[trilogy]]. Ennio's composition - = = =
was later covered by Ma. _===E

Jiwww.mpi-inf.mpg.de/yago-nagal/aida/
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AIDA: Accurate Online Disambiguation

Eile  Edit  Wie I5kan Bookrnarks  Scral Bool

Al

|| AIDA Web interface | [ AIDA eb interface x|+

& )2 | [0 puwsdservicedlaliwebaidamis P T
isambiguation Method: > 122 tr|lﬂg‘f
e Input Type: TEXT D_

@ prior+sim+coharence

T' e |'.—-|- Candidate Entity ME Similarity Weighted Degree
Parameters: (default should be OK) ) [—' 25 15T
Dollars_Trilogy 0.062861114688679039 0.15884524223130336
Priur—SimiIar\ty—Coherence balancing ratio;
prior V8. sim. halance = 0.1 FI_I Cl ]':I='I_.| T.". I.:“_.,_ Star_‘Wars 0.09744442468582243 0.1431332627362075:
or ¥a. OCLISEc YOes T _
(RS Soh G BT I The_Laord_of the_Rings 0.0805124509824649  0.0062763797045864-
8 8 _ _ _
_ The_Lord_of_the_Rings_film_trilogy 0.029279628809444902 0.0686847444322153
Amh\gﬂt}r degree 5 - - - -
) Pirates_of the_Caribbean_tu0028film_series 0016417420674446853 0.0466730341300375-
Coherence robustness test threshold [SEI"E“D LEDHE] huonzg
0.9 3 :
e 2l it (12 AU VO EEE i m_sEies 0.014720983603159894 0.0333459167931356"

huooz9

Entities Type Filters: | MDFFICDHE |- abl
Enter the types here
Mention Extraction: the [The Ecstasy of (

Stanford MER SEC'LIE”CE on thE !
You can manuslly tag the mentions by putti [5 Er o Leo HE] -

are automatcially dizambiguated in the mani
d0le 7y ==3 HiookeBGY. Enn
composition was |

5 e [
o= Lo walE.

Sergio talked to Ennio about Eli's role in
the [[Ecstasy]] scene. This sequence on
the graveyard was part of Sergio's

western [[trilogy]]. Ennio's composition

was later covered by Ma. _

Blade_hwu002&film_seriesiul029 0.0011853425168583756 0.0238746068727 288

R
|

|
- e b
— -3 -

Jiwww.mpi-inf.mpg.de/yago-nagal/aida/
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AIDA: Accurate Online Disambiguation

i AIDA - D5: Databases and Informatio.. » | [ | AIDA \ifeb interface {aidarmi) Input Typ E . I E } { I n veral I
- "

X (- Jii mpg.de | httpsi/idSgate.agSmpi-shompg.defiebaidal

Disambiguation Method: | Input Type:TEXT Overall 7 m“tlmﬂ: 1 S y 349 ms
runtime:1s, 348ms

prior+sim+coherence
| Lag] C
Parameters: (defaults should be OK) : :

| AIDA Web int

Types list

Prior-Similarity-Coherence balancing ratio: T VDhes 1_'_;3.:‘ |:| il ] |j
prior VS. sim. balance = 0.4 [Bruno Coulais]Bruna| wrote .l :1
(prior+sim.) VS. coh. balance 0.6 the score for [Himalaya —_
e @ (i) Himalaya v e e

Armhirnite dearees 5 =

Mention Extraction: [Bruno C-::-ulaisl Bruno Wrote

StSRFOrdiNERN  Manual _
You can manually tag the mentions by putting them between [[ and ]]. the score fﬂr |._"'LH"TIE.]E a
(film)] Himalaya .

Tables are automatcially disambiguated in the manual mode.

w )|/B I U x| E=EFE S| Fontsze -
X -@asuaaau HE '-||~ o ||| A, ~ 22 ~|
L.d”-’ J” ""“ M x‘ “ 4 J”_ J'lxa

Bruno wrote the score for Himalaya.

"ﬂ

http://www.mpi-inf.mpqg.de/yago- naqa/alda/
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AIDA: Accurate Online Disambiguation

(&) | [ dSservice 18080/ webaidarmi/ - GI It.l' steve jobs san francisco chronicle mermorial PI fr

Input Type:TEXT Overall runtime:11s, 472ms Types list Types tag cloud Focused Types tag cloud

In the moment, remembering [Steve Jobs]Bebs October 20, 2011 Sunday's private memorial
gathering for [Steve Jobs | Stenedons), at [Stanford University | SEantord s [Stanford Memorial

Church] Memerial €hurehl, was a moving and dignified event, said someone who attended. The
gathering - about 300 people - included [Bill Clinton]Bill and [Hillary Rodham Clinton ] Hillary Elinken
(A Gore] RINGORE, (Bil Gates| BillGates, (Rupert Murdoch) RPErEMUrdoeh , (John Lasseter] RN
IESseten, [Larry Elison IAFFYENSon, [Mark Zuckerbero) MarKIZUCKerDerd, [Seraey Brin BergeyiBrin

and [Larry Page] Earry Pagel. [ o-Yo Ma]WesYeMa played, [Eono]Benel sang, as did [Joan
Eacr]doan Baez . But the most ironic tribute in a gathering so thick with Silicon Valley-ites:

Although [Eoro] Benel used an iPad to read the lyrics to [Ecb Dvlan]Bob Dylan's "Every Grain of
Sand," in the audience, "nobody pulled out a BlackBerry, nobody texted, nobody used their
IPhone, nobody did anything like that. They were just completely into the moment.”

http://www.mpi-inf.mpqg.de/yago-naga/aida/
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AIDA: Accurate Online Disambiguation

J2 [ dssenvice (0080 webaictarmi/ - @[] steve jobs san franciseo chronicle meraris| EIES

In the moment, remembering [Steve Jobs]36B8 October 20, 2011 Sunday's private memorial gathering
for [Steve Jﬁbﬂ]! at [Stanford University]Stanford's [Stanford Memorial Church]Memorial Ghureh, was a

moving and dignified event, said someone who attended. The gathering - about 300 people - included

(Bill Cinton{Eill $ind [Hilary Rodham r:nntmﬁ]-l (Al GnraEBill Gates] [Rupert Murdoch
[John Lasseter) IASSeteN, [Mark Zuckerbera] , [Seraey Brin

and [Larry King [Yo-Yo
Mi. played, [Bono|Benel sang, as did [Joan Baef]

But the most ironic tribute in a gathering so
thick with Silicon Valley-ites: Although [Eono|Bonel used an iPad to read the lyrics to [Ecb Dyian's

"Every Grain of Sand," in the audience, "nobody pulled out a BlackBerry, nobody texted, nobody used
their iPhone, nobody did anything like that. They were just completely into the moment.”

A, MIGLES, ML UL, LASSELET, SULRTILSI Y, STIYTY Ol
Larry. Ma played, Bono sang, as did Joan.
Solved by prior in local in total: 3
But the most ironic tri

s Alt

ibute in & gathering so thick with
Silicon walley-ites: Although Bono used an iPad to

iPad to read

the Iyrics to Bob's "Every Grain of Sand," in the Mentions solved by local sim. only: 27: Jobs

Fath: p » span
A Ived by lozal only in total: 1

Disambiguate
Examples YAGOTypes
nnnnnnnnnnnnnn ¥ Mext 4 Previous & Highlight all [7] Match case
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General Word Sense Disambiguation

Which

{songwriter,
composer}

song writers

covered

{cover, perform}

Verb

s S (v cover (provide with a covering or cause to be covered
handkerchief” “cover the child with a blanket” "coverthe
e S (v) cover, spread over (form a cover over) “The Qrass cov
e 5 (v) cover, continue, extend (span an interval of distance, s
extended over five years” "The perlod covered the furm of
xiends over the hills an the honzon™ "This farm covers sc
inafago confinues for another 500 miles”

{cover, report, treat}

o

CWization™

{cover, help out}
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CivNembrace, eMjompass, comprehend, cover (include in
ometNng broader,Nave as one's sphere or territory) “This
ide range of peopisrom different backgrounds™, “this shi

- (w) trawveyse, track, c@ver, Cross, pass over, get over, get a

Cross (trasel across offpass over) “The caravan coverad a

'S (w) report \cover (be gesponsible for reporting the details ¢

reporfed an Khing in e 1950°s" “The cub reporfer covers

o 5 (v) cover (hold withiff range of an aimed firearm)

o 5 (v) cover (to\take g action to protect against future prokls
the drawar twick juglio caver yvourseif”

o 5 (v) cover, coegip (hide from views or knowledge) “The P,
thaf he hugoeg ¥ offices in the White House”

- (v coverdfrotect or defend (a position in a game)) “he o

() cy®r (maiptain a checlk on; especially by patrolling)

e fioor”

W) cower, insufe, undenarite (protect by insurance) “The i

S vy cover, compensate, overcompensate (make up for sh
inferiority by exapgerating good qualities) "he Is compensa

e S (v) cover (invest with a large or excessivie amount of some
herself with giofy”

o 5 (v) cover (help out by taking someone's place and tempor
responsibilitigh) “She is covering for our secrefanys who ls i)

o 5 (v) cover (be sufficient to meet, defray, or offset the charg:
fo cover thg chack?"

o 5 (v) cowgr (spread over a surface to conceal or protect) “T,

e S (v) spfoud, enshroud, hide, cover (cover as if with a shrou
chvilizétion are shrouded In mysteny”
S ) breed, cover (copulate with a female, used especially

govars the mare”

S (w) overlay, cover (put something on top of something else

of gravy”

S {w) cover (play a higher card than the one previously playe

S (v) cover (be responsible for guarding an opponentina g

S {w) brood, hatch, cover, incubate (sit on (eqgs)) “Birds bro

fhe eggs”

S (w) cover, wrap up (clothe, as if for protection from the eler

[
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Discovering “Unknown” Knowledge

so far KB has relations with type signatures
<entityl, relation, entity2>

< CarlaBruni marriedTo NicolasSarkozy> e Person x R x Person
< NataliePortman wonAward AcademyAward > e Person x R x Prize

Open and Dynamic Knowledge Harvesting:
would like to discover new entities and new relation types
<namel, phrase, name2>

Madame Bruni in her happy marriage with Nicolas....

The first lady is in passionate love with the French president ....
Natalie was honored by the Oscar ...

Bonham Carter was disappointed that her nomination for the Oscar ...



Temporal Knowledge

for all people in Wikipedia (300 000) gather all spouses,
Incl. divorced & widowed, and corresponding time periods!
>95% accuracy, >95% coverage, in one night

28 January 1955 (age 53)

1) recall: gather temporal scopes for base facts :..rum.

Nicolas Paul Stéphane

2) precision: reason on mutual consistency sarkty

Political party RR (?-2002)
UMP (2002-)
Spouse @ie-oominique C@
(div)
< Cécilia Ciganer-Albéniz_>
{div)

< Carla Bruni >

Children Pierre (by Culioli)
Jean (by Culioli)
Louis (by Ciganer Albéniz)

Residence Elysée Palace

Alma mater University of Paris X
Manterre

Occupation Lawyer

a p , AR TR e N
4 fogl
+ a > S
! — /| / \
. .-

consistency constraints are potentially helpful:
e functional dependencies: husband, time —» wife
* inclusion dependencies: marriedPerson < adultPerson
» age/time/gender restrictions: birthdate + 4 < marriage < divorce

Religion Roman Cathaolic
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WIKIPEDIA
The e ncychopedia
Alexander von Humboldt
- From vicpeds e e sncycopesa
Contnts
PomiS e, Forciher uses,see Alexander von Humbald isambigustion.
s Frianch Wiheim Heirich Alexander Froinerr
Randam aric von Humbolde @ Iten 176 Alexander von Humboldt
Leimomcilussi ) ~May 6, 1859) wes 8 German raturairst and expiore:,
s 2 he younge bcthar o the Pssian miste,
e and st Wabhe#n vom P
oo (1767-1835) Humbelars cuartate workon
scless bogeograshy
Cortci Vikgada | Betowen 1799 and 1904, ol
. sty Lot Amecca. expiorng and descrbng
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e e e Amodam scanic potof i H descioon of
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St enormous set of volumes aver 21 years. He was one.
Spac pages of the frst to propose that e lands. e
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Summary

Tocation
Organization

Politician

Germany

Humboldt

University

Alexander von
Humboldt

Wilhelm von
Humboldt

PSET = a > % YAGO AIDA
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o Type Ftar:

Manton Extract:

Al umEsEE -
xaamam
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o
i o m gl

([Humboidt]] designed the university
Systam under the Prussian king
Fredersck William. He founded Humoldt
University.
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Take-Home Message

 Machine Knowledge from Web Sources:
finally real and big!

 Enabling Asset for Intelligent Applications:
digital humanities, big-data analytics,
deep machine reading, QA & HCI, etc.

* Rich Research Opportunities & Challenges:

scale & robustness, temporal, multimodal,
open & real-time knowledge discovery, etc.
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