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Knowledge is power, and the computer is
an amplifier of that power. We are now at
the dawn of a new computer revolution...
Knowledge itself is to become the new
wealth of nations.

-Edward Feigenbaum (%424, 19944 K R¥)
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IBM Watson

= JAFR(Watson) : 20114 , IBMFARIEBRITEN “XFK" EEE
INEETE (Bia%)eopardy! ) 1 EE “AVIBEAEE" |, &
EAZEEFKenFOBrad

DENKE

PENSER

BN

B Rl B e o

Al A 55




Semantic Web

= Tim Berners-Lee 19985

—1tH L

—JAE L

435 RS

- BEEEKMERM _EANE (U0 - AREERIRCIES FA—
FHTML ) iRINgeEtE#It S =srriEERNE N "JTEUR" ( Meta
data) , MIfEEEENBEEXR Ak /I— B RS R 3IRIE T

Page/Document web

nds us

Data web
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- WordNet : 155, 3271ERid , FINX1A&117,5971 , BINiASEZ

8] FH 227 2 FEEE
o SSCMHERTRERE

- OpenCyc : 23981 K , 1.5 8 1M KEREM , 209.35155L
=JuiH

- Freebase : 4000Z 5Ll , LAMBMRER | 24221 FXL=
JCH

- DBpedia : 40022 5Lk , 48,293 EEXAR . 10{Z1EL=TT
H

- YAGO2 : 980/3Lf , #1000 MNBHXZR , 12BN EL=
JCH

- BEBR  135E10005 %
- BnF#%} : 8005185 , 51 70K | 68(4XF
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o SERIRERE
- Kinships : iR AYIZ|BRIEERE , 104SL0K

26Fh1XZ, 10,800 N=7CH

- UMLS : EEE , rEFSZERYERER |, 135
NSEUR | 49FPKE |, 6,800 =JT&,

- Cora : 2,497ECK |, 7TFPKZ |, 39,255 1=70H
» HizEBataZRIANRERS
- NELL : 519K , 306FhkZXK , 5{2m=%k=7cH

- Knowledge Vault: 4500 535L{ , 4469F1KZ&K , 2.7/
=7t
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E physicist and chemist famous for her pioneering
O ,8lc mare cure ' research on radioactivity. She was the rst person
honored with two Nobel Prizes—in physics and
S chematry

Born: November 7, 1867, Warsaw
Died: July 4, 1934, Sancellernaz
Spouse: Pierme Curie (m. 1895-1906)
Childeen: Inéne Jokot-Cuse, Eve Cuse
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Knowledge Graph & A%,

Database




TALAERNRELE

= The Knowledge Graph is a system that understands
facts about people, places and things and how
these entities are all connected.

» FHRENEA) F'?J:E—ﬂh%xlﬂ 2R = b e ISR i
( entlty ) BVEMELE (concept ) |, BAFRSLIN/ RS2
BRNZMEN KR




ARESEESMENE

SR = o
(Ent1, Relation, Ent2)

Subclass

Concept [ Concept Ontology

Subclass Subclass

Concept Concept [HEEEEFS Concept

InstanceOf anceOf InstanceOf Insta InstanceOf

Instance | ...... Instance Instance Instance

Attribute Relation
ttribute i
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AR

g ‘jjzd;ﬂ%l Ve

%DLE'\F' = TEHE

y?&?é‘ﬁl}}% multi-relational data)

= SRR
73 : 9&%/@ 3

KX ZEEIL = (head, relation, tail)

- head : SLERSLIR
. relation : XXR/EH
- tail : EBEBSLIR

(KB, born in, FiF)
7 A S

head relation tail

VX4

Ix.

SHIZR )

child child

A ik ]
born in born in
A &
Ilil’:}
vV W
born in born in
spouse l[l[”}'l\i

St «—

child child
N
/N



VX4

SRS

&JL {' ﬁ"l’ ‘l
o
child child
spouse ?7?
A~k ]
born m born in
A 4
I‘.}*Nr
v -
born in born in
" use
G RO
child child
‘ . ‘[ -
VAN

child(4, B) A child(4, C) = spouse(B, C)

SHIZR )

Ix.

Ao~ ‘\.
&F ‘f:?ﬁ

EH (A, B) ANRIT (B, C) = Tili(4, C)
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FRIARFR BRI

= Ontology vs. Knowledge Base
- Or%ology : HEMLSCRIAGE |, RS, RENLE=D
BH
- Knowledge : fRMTFontology 1=HlIBIAIIRERTTRYZE{AKR

- Ontology2E#ZAEER , Knowledge Base2&FE %

2318 : Formal Ontology vs. Lightweight Ontology

- Formal Ontology: X&FHAE
- Lightweight Ontology: ~<FER/MERNTE



FRIARFR BRI

= Ontology

- RSN, ARBETRZIEZM™SHISAKER

- (R ILAERTATRAVHEE

- RR TERRTESH NG (B3R AE P A ? )
= Taxonomy

- RSN, E MU RZIEHFBHISAKER

- R ILUERESRI NS ((RE>1E01R )
- Eii . MERTHE , TRERSUR (BT - R 21 ?
=?)

= Folksonomy
- KHIRE , BTN
- UR : BEEEE SRR
- R IR TIREETE 7
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- {8 %ﬁ‘éﬁlﬁ’vf%%ﬂ’]é‘é%] R>

2 7 BRI
sz HRES FF 8 RS AGEEREA
B o) it ammE

SRS M(Arcrat Carrien), EFFIAE . TR, BIABEZY SHIGER,
__@: . i 3 2 ETELRHE AW IOREMEN . PIr T g —EkBazmR

Eﬂ{ %ﬁﬂ‘)‘ﬁ(ﬁ?@( FOI ksonomy) Eg ﬁﬁﬁ Hﬁ@] - Fo T EN—HEE TSP, BRHSERASAEL A

_ . REAL . ANBAAREIETEA SATIREFRIPIOHE . REHTEM, — M EFRIIE
AR 70.19%

=ERESHzeN  EEEELAMS. MRESMONSERENESEHIHTES.

RIETIE
aEAR 64.38% -
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GeoNames
DBpedia Ontology

TexonConcept Ontology

KOS
Schema.org

Creative works: CreativeWork, Book, Movie, MusicRecording, Recipe, TVSeries ...

Health and medical types: notes on the health and medical types under MedicalEntity.
Organization

Review, AggregateRating

1) B, MAREXIFHR Schema.org
. 2) hEBEERE , BRTHEY

= 3) WEULAZE
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KGE

= Node : #£E ( Concept)

Eﬂﬁm AR E

- MERSDE ke
+ B BA
+ XMt B
+ A¥) BF
+ A B
+ &7E mAF
+ e BRF
+ ZR BF
+ 23 mF
+ B2 mA
+ B8 BA
+ BAR BHF
+ HHER JRFF
+ HOT mF
+ BAEE B

e

ERDIN mwen

- MEESE ke
- B we

+ 18 B

- ¥ W
+ BRM m
+ TR B
+ Y W
+ BA B
+ TRRRN) A
+ [HILEND
+ [EfTEN4 MFF
+ IR B
+ PRI B
+ BRI m
+ M5 mAF
+ RN R
+ B% B
+ FKER W
+ fUznee mAF
+ & WA

\ + R B /
+ B H

+ BRER B
+ FRRIP B
+ REW BmF

+ FHRX BHF
+ &£ B

+ BAREIL /A
+ BRE™ B
+ HERE B
+ WS B
+ &R B

+ 3159 mFF

+ BRRP B
+ R B

- QSR
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KGEZRHES

= Node : 438, ( Domain/Topic )
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KGERHE

= Node : stfjll/SEfK ( Entity/Objects/Instance )

[Yao Ming (©s8590) ]

Chinese basketball player # edit

~ In more languages Configure

Language Label Description Also known as
English Yao Ming Chinese basketball player

Chinese kB8R FEERIEE R

Wu Chinese

Cantonese

All entered languages

Statements
instance of ® human Z edit
» 1 reference
+ add
image & YaoMingonoffense2 crop.jpg & # edit

~ 0 references
+ add reference

+ add

JecC

sex or gender male # edit
» 3 references

+ add



KGEZAMS

= Node : {8 ( Value)

SLK ( Entity )
- (WEER , Bae , Big)
- FFFER (String )
- (JEEKE, AR, REHE. BEEH)
- #= ( Number)
- SEBRE . (bR, iR, 1.64177)
- R (BRER , A&, 1402 )
- XK (WKER, BE, 2.29%K)

- BJi8 ( Date )

- (WkBR , HESFD , 19814F )
- & ( Enumerate)

- (WERR , 1431 , B8)
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A RER

- Subclass
- Type
- Relation

Property. Attribute

G, Is-A, THELEY) et retion e —— E— Ontology
(HEWF, 1s-A, %)
(WM, Mk, e 7/ N

Concept [N Concept |EEEEREE Concept

(HE}[DJ‘ y %ﬁ é ; ﬁi‘é) Instance | ... Instance Instance Instance

Attribute Relation



KGEZAMS

s XZ : Taxonomic Relation vs. Non-taxonomic
Relation

- Taxonomic Relation : is-a/Hypernym-Hyponym tTF
i
- Non-taxonomic Relation: #E5.2Z BB9HEEIER
- Meoronymy ZR5oEER
- Thematic roles I 5HAE&
- Attribute B4
» Possession S
- Casuality H&R



KGEZAMS

= Node : &=t

dlinl

5havia). thrafEx

- (((EE, 2%, B85 ) |, FargE, 2017)

=4
. Compound Value TypeE&EZEE!

A Compound Value Type is a Type within Freebase which is
used to represent data where each entry consists of
multiple fields. Compound value types, or CVT's are used
in Freebase to represent complex data.



Example of CVT

Donald Trump (q22686)

spouse § Ivana Trump
start time

end time

7 April 1977
22 March 1992

1 reference
reference URL

quote

http://hollywoodlife.com/celeb/iv
ana-trump/&

Ivana married Donald Trump on
April 7, 1977. (English)

J0p

Melania Trump

start time

place of marriage

22 January 2005

Mar-a-Lago

1 reference
reference URL

quote

http://www.hollywoodreporter.co
m/features/trumps-wedding-
melania-bill-hill-880088&

on Jan. 22, 2005, it was a
different story. Trump married
model Melania Knauss (English)

el

Marla Maples
end time

start time

8 June 1999
19 December 1293

0 references
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RS

= JUERIIR

MR : tags [17Vk, HX, Bk, BERAE] AT {
{ | YNCIEZ % [A ]84k 1d)
HRRPE: AR [Date] :

FACES (ID) [Stringl GNIZ¥ETEECT):
Fi SR 2 [String] (A BHN SH):
R ST AR [String]

B LE R [Stringl:

ki E 3 [Date]:

RAT S (5 ) Double]
RAiT4r#& (7t)  [Double]:
RATHBHR [Double]:

E i 134 [Date]  (1980.01. 01-now) :

b it i [String): T3 % (Ji70) _Double]:
b ik [String]: SRS (5 n) ‘Double] :
2 b mFp [String]: AR [String]l:

B SR EE [double] (>=0): Edifr#EA [String]l:

ERR 3 [Date] (1980. 01. 01-now) :



- (7fr, CEO , ¥R )
- (PREAREME , &4, 4tR)

EXRERDIR

“FFERIEA-F it ZE 05800, HIBcAF[24/ i,  H FifEk
wO8005FH1RAf, FRIEWIRIE, Wik & A, (A4
SHBHEE g LA, Tada B E, XEAE N, wT
HHG @2 AN, HBEREFF— K, RIEFE LIRS A
EX %

________________________________
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_______________________________



AR 2
I

s ZERNR
- TN, 3TEEEK
- MJHERT =&8E4E>Michael Jackson
- MJZRBTNBARTEZE>Michael Jordan
- WNENSE |, RRMESE
» BEEAR
- (FFFF, SameAs , {£Z)
- (F%F}, SameAs, Jordan)
- (Microsoft , SameAs, MS)
- (hasFounded, SameAs, isFounderof)
» FIHANR (Common-sense Knowledge)
- hasAbility(%& , &) , hasAbility(A , 151§ )
- hasProperties(7K , iE8H ) , hasShape(®k , [EHY )
- moreHeavy(X&: , /Vf )
- Mother(x,y) N Brother(z,x) = Uncle(z)y)
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SR ERSRSIENA
- KMREIEEAES

- FHERERYE AR EES

- AF TESEIIILHIW»E

- FMR
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AR ES RFTHIZR)

« Inferencing « Entity Recognition

Algorithms
« Machine Learning < Disambiguation

IKIDA™

100l for Wikidata
o

Knowledge Graph

Data Sources Data Transformation, Integration
Natural Language Processing

Text Understanding

Recommendations

Entities
Relationships
Semantic Descriptions




4 anBEEl—SuE EhRE R
« HIA :
- BfFTE (. 2.

— t

5. Parthood

4. Predication

s B STUEERANR
- STIESCIRSERIAR R B orcogyonanstng W eesmnnon
_ ;_‘212':)%1\55 | S AT s % 0 00123 Adal -lw .|BrsA.l®.B-

A I B c D

S
- /\\ﬁin \E \ 1 Term Synonyms Kind Description [source]
? J\ — .Ln ZJN 2 Delivery address  Shipping address Complex property  Location to which goods are to be sent [1].

Itemized list of goods shipped, usually specifying

\E 2 ‘ “~ Invoice Bill Object the price and the terms of sale [2].
- E \ . Information that locates and identifies a specific
n ZJN ZJN Postal address Address Complex property  address, as defined by the postal service [3].

5 Purchasing Purchase terms Conditions related to the transaction and the trade
conditions and conditions Object [4].
Commercial document issued by a buyer to a
6 seller, indicating types, quantities, and agreed

prices for products or services the seller will
Purchase order PO Object provide to the buyer [5].

i PS 7 | Customer Client Actor One who purchases a commodity or service [2].
= ° 8 Making or issuing an invoice for goods or services
- Issuing invoice Process [6].

- Ontology Engineering

9 Purchasing Buying Process Acquisition of something for payment [6].

+ 1. Lexicon 2. Glossary 3. Taxonomy 4, Predication 5. Parthood
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- *MV’EEA
- SERKRER/RME

= FERAK
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- NN
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- FHRAHR
o

SIS I
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- AMREE
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itk

= KA :
- Ontology Matching
- Entity Linking
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ATAENSHEan FHH

= ZIRERER

- FRfR SRR

= ZIA3REY

- SRERGIEE
= FIASERY

(RYE

5 SCAMA

- (T ATMRRAERE | R AMRE AN

TRRYZS

« ZIRTFRE

- IREHSERERIRIRSS



Hx

- FHREEAREBSESENA
- FMRENEEATR
- FHRENERIEan/EHED

ARERRENS



RRMEARELE

» ATHEEIHELS
- WordNet
- CYC

. EFWikipediafyaEit
- Yago
- DBPedia
- Freebase

= XAHEVEIRELS
- NELL



RRMEARELE

» ATHEEIHELS
- WordNet
- CYC

. EFWikipediafyaEit
- Yago
- DBPedia
- Freebase

= XAHEVEIRELS
- NELL



WordNet
WordNet

= WordNet2f{t4?

- —BRELLIRBEEGREERS , KA T SEFRIIHEAER
Tj_ T ED QEE'L—_IMﬁ,ﬁZ_ /TE'L—_IH:/;EQE—/\

- 1715’.:.5%}3'2 %EJZﬂMﬁae(Synset) , RN ZEETIE N X

- %Mﬁﬁ@ﬁﬁ—?—%ﬁﬂﬂ‘\?@:_.\_L\L\Z'ZEY:T:198SEE@ﬁ

19865 19894
. BienkowskiFJLISP WordNet : id
1978 Miller iBS5 T Grinderk B EE- > B B WordNet
SLUGATE E—MRE BiAlC AR 3.0

19854 201d42870— 19914
WordNetH 103 = e w1 WordNetl.0
tasChrElE %#Sg iﬂi&ﬁ IEX 2
>

=l




WordNet& &9EHR

« compound ( £5id )

- phrasal verb ( 72i5z0iA )

RS < - collocation (#&EgiA )

- idiomatic phrase ( pLIiE )

« word ( ERid] )

« AMRNXXFE (synonymy , antonymy )
WRZIERY J ETFi%xE (hyponymy , hypernym,
IBMKFR troponymy )

« BBPEFXE ( entailment , meronymy )
sRosfr i { - RELRENRESAIRSE ( Verb Sentence

Frames )




WordNetBUZ /ML

= Synset : WordNet {§Z&&iER9EiE. oiF, AR,
FEhaH239Synsets , & SynsetZ®RzR~— 1 E4EY

1ACHEES

o mlb\*$
EPESH
-&M%?
- EuRHE
- TRER
- BARXRR (2id)
- BBOXRE (&id)
- ERXER (&0d)
- ARXZE (znd )
- IEBERR (& )

newspaperia X Efiisynsets
newspaper, paper
=> press, public press
=> print media
=> medium
=> instrumentality
=> artifact, artefact
=> whole, unit
=> object, physical object
=> physical entity
=> entity




WordNet/B2373=:43

Concept T
hierarchy

{equipment}

TN

Concept - ] %
(usynsetn) 7 3@&1 :,
Synonymous { camera, { camera,
words for photographic camera} television camera}
the concept Gloss “television equipment
describing consisting of a lens system

that focuses an image on a

the concept - _
photosensitive mosaic”




WordNetZBZ3 345

watery parched
damp arid
moist <= wet = tm— gy = anhydrous
’ \
humid I I sere —_—
. =) 1EHXF
soggy dried-up — AR

BFRX. EXEANREEsynset




WordNetfJtaiE 5%
. AT+ NEHE (Eoa RS EMigREAT )

BrowmE#|E

WordNet

Laurence Urdang (1978)
(RN R )viEH)
Urdang(1978)
{ Rodale[@ Yializ )

Robert Chapmand (1977)
(B 7RHRE iaEEH)

EEBEMRRSEZREHCEIFred
ChanglYia® , 15%MIESiiE

Ralph GrishmanfiftifEALIX
FHEENH—MIE, 85
391437 , XMARLfF LR
BEERCOMLEXRE,
WordNetZ ARk Si%ZiAFES
=EH74% (1993%F) ,



WordNet#jlsz

Unique Terms Synsets Total Word-Sense Pairs

Noun 109195 /75804 134716

Verb 11088 13214 24169
Adjective 21460 18576 31184
Adverb 4607 3629 5748

Totals 146350 111223 195817




WordNetfyn

= WordNetfEBAESLIBPHE iz

- BRI B IERHY B AR AR

- {EaEEREZERITaxonomy

A= ___i_l_;%—igydz Eﬂf\)ug

remarks
genuineness genuine 0 0 0 needs explanation
Valid reality 0 0 0 needs explanation
Painter paint 0.15 0.62 0.09  Good Enough
Really fact 0 0 0 needs explanation
Real reality 01 03 0.09 Good Enough
really reality 0 0 0 needs explanation
paint painting 03 038 0.12  Good Enough

WordNet: a lexical database for English

GA Miller - Communications of the ACM, 1995 - dl.acm.org
Abstract Because meaningful sentences are composed of meaningful words, any system
that hopes to process natural languages as people do must have information about words
and their meanings. This information is traditionally provided through dictionaries, and

WEIFRE: 9323 MBXXE MiAE 34 hkE 3|A

(G3E2

B3




WordNetZzA

Content Adjectives, verbs, nouns and adverbs of the
English language

Format Visualization tool
data downloadable in Prolog-like format

Main strength High quality lexicon for English
Technique Manual
Size Words: 155k

Senses: 117k

Word-sense pairs: 207k

License Proprietary, free use
Reference [Miller, Comm ACM 1995]
URL http://wordnet.princeton.edu
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» ATHEEIHELS
- WordNet
- CYC

. EFWikipediafyaEit
- Yago
- DBPedia
- Freebase

= XAHEVEIRELS
- NELL



Cyc

» Cyc 2— Douglas Lenat £1984FFENRIA
TEgen AYZ A —1 R, Hl2En(E
FHE?ZSW{ZIS%*I]A?S"%,&[I»\E

- 5005 5AMR
- 505 1E&
= OpenCyc EEFRHRAZFHARERHI—EB
FhA
- 24 5
- 2005%RFR
= ResearchCycZEiE{itResearch Liscenceftifiz(sE

JHI5CEEMR

5




CyctgZ 5i%-- NF T2

= 19864, Doug Lenat{GitE N CycHEESE25AF
HIM , #EZE350ALF
- XE—MNAZRYEE

o TR, MITRERBEEESE  NBRAIESH
FRENANR

» 2008FFH4S , CycHiaBHE R IRSWikipedia,
DBpediafFreebaseZF & EHIRE7Link




CycH B ZHIFMA

= CychREEHIAREIDANREEFEIR
- Every tree is a plant(Br&BiZ5E5ZEY))
- Plants die eventually ( 1§JE5&5E )

N

u 1:? ILJ\1:EEILJ\ .
- Individuals: #$BillClinton, #$France

- Collections:

. #$Tree-ThePlant ( & TFEHIN )
. #$EquivalenceRelation(81EfIBINERXR)



CycHEEHIX0IR-Sentences

» SFECEIICycl sentences EERR
- (#$isa #$BillClinton #$UnitedStatesPresident)
- (#%genls #$Tree-ThePlant #$Plant):"All trees are
plants”.
= Rules: @&TE2(LLFLNTF

tzu%—/\sdéi‘msu BSETRYRK SR , RIBJSUBSETZ
SUPERSETHYF. , ABAOBJESUPERSETHIRAR

(#Simplies
(#Sand
(#$isa ?0BJ ?SUBSET)
(#$genls ?SUBSET ?SUPERSET))
(#$isa ?0BJ ?SUPERSET))



Z5MNH

HETES

« Cycieft FAFRSHIEIES R | IR
;R T AR Rt

}
» XIEFBERIESHIRET

English Words

Syntactic Frame Links

Single-word Denotation Mappings
Multi-word Phrase Denotation Mappings
Verbal Semantic Frame Links

Noun Semantic Frame Links

WordNet 2.0 Links

Names

(Includes chemical symbols, person/place/organization names,

acronyms, etc.)

Predicate-based Phrasal Links
(genTemplates for paraphrase)

T4

18,796
23,336
27,681
44,298
3,701
2,578
11,322
100,811

9,637



=T CycHBAIE S Mt

As of Feb (#$February). 24 (24), Air Force (#$UnitedStatesAirForce) officials (#$PublicOfficial
#$O0rganizationRepresentative) reported (#$RegisteringAComplaint #$Reporting) that personnel
(#3Employee) in the area (#$Area 0 #3$FieldOfStudy #$Region-Underspecified) numbered
(#$Counting) close to 8,000 (8000). The 100 (100) aircraft (#$AirTransportationDevice) based
(#$Base-Support #$MilitaryBase-Grounds #$BaseOfLandProtrusion #$NitrogenBase
#$ChemicallyBasicSubstance) in Saudi Arabia (#$SaudiArabia) for patrols (#$Patrolling) over
southern Iraq ((#$SouthernRegionFn #$Iraq)) has (#$possesses) seen (#$VisualPerception
#$MeetingSomeone #$sees) the addition (#$DoingAddition) of two (2) dozen (12) F-15
(#$FighterPlane-F15) and F-16 fighter jets (#$FighterPlane-F16) to Bahrain (#$Bahrain-Thelsland
#$Bahrain (#$CityNamedFn Bahrain #$Bahrain)). The Air Force (#$UnitedStatesAirForce) has
(#$possesses) also authorized (#$GrantingPermission) the dispatch (#$SendingSomething) of 12
(12) F-117 (#$FighterPlane-F117) stealth (#$DodgeStealthCar) fighter jets (#$JetOfFluid
#$JetPropelledAircraft) to Kuwait (#$CityOfKuwaitKuwait (#$ProperSubcollectionNamedFn-Ternary
kuwait #$Individual 34057665-f4ed-11d9-9bea-0002b3a85b0b) #$Kuwait), three (3) B-1 bombers
(#$B-1-Bomber) to Bahrain (#$Bahrain-Thelsland #$Bahrain (#$CityNamedFn Bahrain #$Bahrain)) and
14 (14) B-52 (#$B-52-Bomber) bombers (#$SubmarineSandwich #$BomberPlane #$Bomber) to the
island (#$Island) of Diego Garcia. It also has (#$possesses) diverted (#$AmusingSomeone
#$DivertingSomething) dozens (#$Dozens-Quant 12) of support (#$SupportingSomething
#$ShowingSupportForSomeone (#$SubcollectionOfWithRelationFromTypeFn #3$PartiallyTangible
#$supportingObject #$SupportingSomething)) aircraft (#$AirTransportationDevice) to the region
(#$TheRegion) for refueling (#$Refueling (#$MakingAvailableFn #$CombustibleFuelSubstance)),




CyczmiA

Content Common sense knowledge,
axioms

Main strength  Huge ontology, with tools

Technique Manual

License proprietary, OpenCyc is
_/\AI BB'_' Apache License V2.0

Entities 500k
HYEIREIRZE _

Assertions 5m

Relations 15k

Tools Reasoner, NL tool

URL http://cyc.com

References [Lenat, Comm. ACM 1995]
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- WordNet
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Wikipedia

= RENEZBERE-

- 2001¢%

ia

[/

-

- crowdsourcefy T\ faiE

- Bfr : e

HREKNERET

,’ ) .
_. *‘ W
fQ

W
Ta

WIKIPEDIA
The Free Encyclopedia <

FERFR

BRELER

50051

4—‘ ‘ E o 7\5_&_
o&&" * Zlag
pesagia  yaco I B S A AORS
X , table ,
"'p" @ list , category...
O ANNHEIM WIKIMEDIA
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Wikipedia: SZHS454

=S |

JEXSR

BEXREZEHE (59841 H28H —64947H10H
DIRABY) | rp[E Al AR, AR e ARk A B
(5 HRA FAK TRz , ATHRERDE, 626 G
EFEGAYELENT, B REEMAAEMN, REREaE el |

WSARR e
: VLT l

| Infobox IR , BIMEASAOERES T g .

HE
B 1 REEZ1ES , EEHEpTaxonom ity
= ~
PUN 771 '==hd , RBI5 y WE XE® (6AOENE)
NHEET (674FEMMR)
NHAREF (749Fi4)
NHAZRKZEF (754FM#R)

3K - BOSAE I, GAQMEMIHE  EEA B I

BUiR &5

71t 50841828 H — 649478108 (52%)
70 62659 F4H —649%F7RH10H

FE 0IW: 627F —649F




H & =

« EFWikipedial&HR LR E T /L FERIE

}AWIklpedla$=E§¥2ﬁ*@wF =5 FF?E?E%I]»\
- 83% : Infobox , Category , &5z, Table , List...

= REIZAET

- WAL

- WHMAIAEE

}ﬂ] LA

B MY B MRS

HEERYTaxonomy

£t 5985F1H28H - 649
F7H10H (52% )

A FEM TSN

6045

BirthDate ( Z=HE , 59845

BirthDate ( &5t , 6048

vv



XEANR E RS HEE SR

| _Aﬂ]‘/\,-FF@g_/l\ Hﬁ*ﬁs
- JHE. FHE. &5, B, o84

. S ERISTIRFERY 2R
- TFERT) , ERESHR), HRED), HEG )

o FREE LT RRFRFEE XX
- SubClassOf(ErFE , A), SubClassOf(&F% , A)

« SEFFZERIEREE E EFIER Z B F K iEid
- BirthDate ( Z=tHER , 5984 ), Has(8%F , Frgh)

» KRV LIBEE SRR HITIEEE
- FE>ER , E > #8




DBPedia

r 2007# A =

FE2

RHEVGEISER |

TR — ML

HIEEHLZHEIWeb L

s FEXEI A TR TVE T Taxonomy

- 2801355

- BE2I50%M4EE

B RISLIR

X , BT

XEJZJ\EEzEXﬂH iS5 HIRRIHENRIR | NEERHR




HEUTA

= DIEF - DBpedia Information Extraction

Framework

- B¥R : #EXWIikipediaFr

Extraction

ARSILER

- 7% EFESEmappingfdinfoboxifEX , Raw
Infobox Extractlon Feature Extraction, Statistical

- IHFE1E= : Scala & Java

= DBPedialive : #FEUREFSWikipediafiEZE

- 2013758, QEIELZE

V=Eax

SR 7IR)

SR5I3305RIm4E (=



DBPediaZsiAk

Content
Format
Sources

Main strengths

Technique

Size

License
URL

Reference

Entities of public interest
RDF, API, SPARQL
Wikipedia, YAGO/WordNet
Focus on coverage,

interlinking with other data sets

Extraction from Wikipedia + manual supervision by
the community

Entities: 3.5m (in manual taxonomy: 1.7m)
Facts: 670m

Attributes: 9k (manually defined: 1k)
Manual Classes: 280

CC-BY-SA & GNU FDL

http://dbpedia.org

[Auer, ISWC 2007], [Bizer09, JWS 2009]



Yago(Yet Another Great Ontology )

- .
» EESEHRFTMAN2007FHREI— IR
» BESWordNetflWikipedia

- MWikipediaf94&5taES A : Infoboxes,ZE5l)...

- BEFER eI RN E

- NI

- >1{Z5ESEFN100FFK

NN
rl j
select knowledge
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Yago Taxonomyf4E

» {FEFAWordNetfyTaxonomy{E &R
= EWikipediadhAIzERIIIAZEIWordNets

WordNet ——
( ™ :
Person subclassOf
Toubclassor | N [singer
=
. Jinger |\ subclassOf
Elvis Presleh Rock Singer
vy

~ ~
Blah blah blub fasel Infobox
(do not read this, .
better listen to the Born- 1935
talk) blah blah Elvis
blub (you are still
reading this) blah

Elvis blah blub blah
blubbeldiblub

» Use selected categories as types
* Add WordNet for Taxonomy

Categories: Rock singer




YagoiEN K&

s ATEXT100ZSHBEN KT

- wasBornOnDate , locatedIln , hasPopulation

= HENGE - EERAF SR NHHEY
- Infobox Harvesting:{SE1E&

- Word-Level Techniques:EERTR
- Category Harvesting:Z£51{= B3N
- Type Extraction: #E2255l, WordNet&3




HHE A

Infobox

Elvis Presley

Background Information

Died: August 16, 1977(

Attribute Map

Attribute Relation Inverse Manifold Indirect

/ Died diedOnDate

Relation Map

Relation Domain Range

diedOnDate  person yagoDate

Elvis Presley diedOnDate August 16, 1977



YagoZmiAk

Content Entities of public interest

Format TSV, RDF, XML, N3, Web Interface

Sources Wikipedia, WordNet, Geonames

Main strength Focus on precision, geotemporal annotations, multilingual
Precision 95%

Technique Extraction from Wikipedia + matching with WordNet &

Geonames + consistency checks

Size Entities: 3 m (+ geonames -> 10m)
Facts: 120m (+geonames -> 460m)
Relations: 100, Classes: 200k, Languages: 200

License Creative Commons BY-SA
URL http://mpii.de/yago
References [Suchanek, WWW 2007] [Hoffart, WWW 2011]

[deMelo, CIKM 2010]



Freebase

s MetawebNE]2000FFHFEH5ZE |

20105F#GooglellsT ot
» MWikipediafJEMREGETR (40 Freebase
IMDB, MusicBrainz ) F&A
IR
s FZIENE

- fEWikipediadr , AM(J4mENE

- {£FreebaserR , AMiJGRIESHS
{LETR



PP @Freebase TR HIZ/)

s JRERSCD = Review
- BUFESLHR - DONFRMR /R
- BEARRIZER - IR
- EIN/MEAEME/ RER - HIBREIREDIR
- HEER =« DataGame
= fiESchema - SHAIE
- TENGHTEEE] - HEE{FHES
- EXERIREN - {EFAYahooB 5 #8%
JONEI/

R {EFreebasefHI{EF



FreebaseZs=iA

Content Entities with public information
Format API, RDF
Construction by the community
data import from public sources
Sources Wikipedia, Libraries, WordNet, MusicBrainz...
Main strength free and large
Size Facts: several millions
Entities: 20 m
License Creative Commons Attribution (CC-BY)
URL http://download.freebase.com

— P RAEDEMZERNRE . BRil3Googlefrs
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Read the Web
N E L L Research Project at Carnegie Mellon University

» 20095FHEERYICMUIR
= B ¢
- WA ( ~800EBIFIFEZR )
- B MB1RRY—ESCA] ( ~10-20F—FEC41)
- web(~10{ZHmE, ClueWeb)
- [EIBRMERI A TR

n {155
- 24 x 7 $EEIT(N 20105
- BX

. N E SRR A TEA R
. SO

» ER EYITHAEN (AREEE )




FHENZS SR 74

Recently-Learned Facts Switter Refresh

instance iteration date learned confidence

rillito_river is a river 1064 26-jun-2017 99.9 @ @
james dexter is a CEQ 1064 26-jun-2017 99.7 28 &
richard thompson is a Mexican person 1064 26-jun-2017 100.0 28 S
htc droid eris is a consumer electronic device 1064 26-jun-2017 92.8 @ QF
radiant snow is a weather phenomenon 1066 15-jul-2017 99.8 f@ QF
the london eye001 is a tourist attraction in the city london 1069 03-aug-2017 100.0 28 &
state university is a sports team also known as michigan state university 1067 21-jul-2017 100.0 @ @:
state university is an organization also known as clemson 1066 15-jul-2017 96.9 ‘s &
irene kirkaldy belongs to the religion seven day adventist 1069 03-aug-2017 100.0 28
kcal is a TV station in the city los banos 1069 03-aug-2017 100.0 @ QF

http://rtw.ml.cmu.edu



NELL knowledge fragment

football

—
uses
equlpment — climbing

skates helmet

Canada Sunnybrook LN 4
Miller 1 uses
R country hospital Wilson equanent comgény
politician ‘ / CFRB ¢ hockey Detroit _, G
L radio f T I
Pearsoq_-roronto - : play hometown
airport hired competes
/ \\ home town / | with
cit ™S Stanley
compyany city /Maple Leafs A T — v\lz:gs
stadium team \ Toyota
Connaught cit stadium league league /
_ y V4 . Ve acquired
city Paper :
stadium Air Canada member NHL ] created
l Centre 2 Hino
plays in econttamic j
Globe and Mail /sec or
Sundm Pri
erter Toskala automobile rus
Skydome Corrola

Milson



FHENC IR

= 1. BRiAEEY D RS ESRR
- Entity Set Expansion: EFPatternfy
Bootstrapping

s 2. FRB[ABIEZERNENKTR

- Coupling Learning

Constraint: f3(x1,x2) = (f1(x1) AND f2(x2))
playsSport(a,s)

playsSport(NP1,NP2) - athlete(NP1), sport(NP2)




BB

= 3. IRBIFRRIEIEIN , BT RINFRRYKZSEH)
PathRank

0.95 athletePlaysSport(?x,basketball) :- athletelnLeague(?x,NBA)

0.93 athletePlaysSport(?x,?y) :- athletePlaysForTeam(?x,7z)
teamPlaysSport(?z,?y)

0.91 teamPlaysinLeague(?x,NHL) :- teamWonTrophy(?x,Stanley_Cup)

0.90 athletelnLeague(?x,?y):- athletePlaysForTeam(?x,?z),
teamPlaysinLeague(?z,?y)

0.88 citylnState(?x,?y) :- cityCapitalOfState(?x,?y),
cityInCountry(?y,USA)

0.62* newspaperInCity(?x,New_York) :- companyEconomicSector(?x,media),
generalizations(?x,blog)



BB

= 4. ZiAEEWIRGIZIIRE, hAEIEEIRIZEIRER
Entity Llnklng, Entity Resolution

river flows
. : hometown through
team:penguins > city:pittsburgh < g river:monongahela
o‘ 4 4
- o o
. b -
L o o
Q S S
- (<) Q
- 1 1
c c
S @ @
> 3] > 3]
“remain in” “sits astride”
“Penguins” > “Pittsburgh” > ‘Monongahela”
B “began in” 3 “overlooks” « _
Pens” Pgh” Mon river”
< <
“supports” “enters”
< <

“reminded” “runs through”



e 374

HY%

EVHEZE

J U1E
Knowledge Base
(latent variables)
Beliefs < Knowledge
Integrator
Candidate >
Beliefs
A A A A
A 4
Text Orthographic URL specific Human
Context classifier HTML advice
patterns patterns
(CPL) (CML) (SEAL)
Actively Infer new Image Ontology
search for beliefs from classifier extender
web text old
(OpenEval) (PRA) (NEIL) (OntExt)




NELLZRA

Content Entities mentioned on Web pages
Format TSV
Construction by a perpetual extractor
Sources The Web
Main strength Not limited to a specific source
Size Facts: 800k

Categories & relations: 633
Reference [Carlson, AAAI 2010]
URL http://rtw.ml.cmu.edu/
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ANAENS

» LN EZIBRFEANE WiEid
- ERFEIVCRIIRZER (2IRDF , RDFS , OWL)
= Entities

- BRI (things, places, people) FIHSIEELS:
(genres, religions, professions)

= Relationships
- FFSLINMBIE N R R GE R — KA
= Semantic descriptions
- ZZPIFIBE
» BN ESHFHHEERNAENNR (@NFLR)




RMEARE

» ATHEEIEELS
- WordNet : To\E

\fﬂz o AT B
=R

SEanL

» HEFWikipediafixhiREZ
- Yago : Wikipedia+WordNet

- DBPedia : T+t

XA WikipediaZSfadit =B

- Freebase : %Dl,\ﬁiaﬁ X i EtasE

n MXAHEVELRES

- NELL : \NAHHEEIMEEEENR
« BBVFSHMMINIRAESBEZES | Wikidata,

BabelNet, OpenM

iInd. Probase...
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KGREE

= FRYANRRTIRE
- Ontology engineeringB2&# A T #E13155

= gﬁ*iMﬂ:h/\‘ﬂ
- ANBESREAFIXZBIFE
- gEvent-centric KG

» FHRESBIEEEA
- {EFreebaseqd , 71%IA B HEHES

- HTHN : Distant Supervision, KG embedding, #[
IREERL ( A1GooglefYKnowledge Vault )






