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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
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Semantic Web

= Tim Berners-Lee 1998%
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FAHTML ) FRINgets#it SasprEERNE N “"JT8dE" ( Meta
data) , AIfEEENBEXR A /I— MBS RIS

Page/Document web

nds us

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

8] FH 227 2 FEEE
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- OpenCyc : 23981 K , 1.5 8 1M KEREM , 209.35155L
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- 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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- Cora : 2,497ECK |, 7TFPKZ |, 39,255 1=70H
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- NELL : 519K , 306FhkZXK , 5{2m=%k=7cH
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3% WolframAlpha

how big is China B8
WBTFHSD |

o O =< s = Examples : Random

R WN MIE M ®HF B WA BE XF ES»

Assuming “how big” is intemational data | Use as refeming t or ref [ or
fi trat instead - BRIA
Assuming total area | Use tion instead ;
- 226cm
- SKER, 1980FATF LSHHILE, HMRIRE. PEEREN
China total area f. 1998F48, EARTIERMNERIA, FRERERE, 2002

&, fEBUATTR BBBNBARKRIBUKRIAAES, 20... FH»

9.597 < 10° km?

9.597 % 10" m?
3.705 million mi?
1.033x 10™ 2

= 0.96 « total area of Canada
~ 0.996 « total area of the United States

= largest extent of the Roman Empire
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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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%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
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= 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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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
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Ontology Matching

= EMRER[ARJAlignment
- PR SZASameAs K&

- 10 : Ontology Alignment Evaluation In|t|at|ve
2004-2013

= Benchmarks (bibliographic references), Web directories, Anatomy
(biomedical)

- R BSZENENUETE
- Hhdk

» Large-scale ontology matching and evaluation
» Matching with background knowledge (Increase recall but hurt precision)

» Multiple matchers and selection
» Incorporating social information

[osz] [osz] [es7] [o27] [o22] [52] oss (X
[ome] 0.96 0.6 0.93 (o5 m (o] 07
0,6
[o.62] [os0] [0.60] [os2] [oso] [001] [oe1] o,s
oos s 0,55 0,31 o [os5] [osa] 2=
061 [05]
4 foms * [oe1] | [0a2]
3 5105 ] [0.38]
,2 0.27
[o0] o052 057 056 80 1
= 5 s 5 2 3 = = 5 3 s o | [o20] [oe7] s3] [os7] [oso]
8 2 z = z z s = 2 = = g = + = = = 2 3 2 =
2 8 g ] e 2 ] 2 g i 3 &8 & £ 2 = § £ 8 8 & g8 B8
= = 2 H = = ] o S = = S =
2 2 g E £ = = & s & 8 5 Z
= g ] a < = =
I AEI I I = |— O, _I_ OAEI-2007 _I_ OAEI-20( —I— OA., 9 —I— [ —|
I I I
PPPPPPPPP F-me: Recall
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= 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
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+ TRRRN) A
+ [HILEND
+ [EfTEN4 MFF
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+ FKER W
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+ & WA

\ + R B /
+ B H

+ BRER B
+ FRRIP B
+ REW BmF

+ FHRX BHF
+ &£ B

+ BAREIL /A
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+ HERE B
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+ 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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- 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 KZX : Taxonomic Relation vs. Non-taxonomic Relation

- Taxonomic Relation : is-a/Hypernym-Hyponym
- Non-taxonomic Relation: &2 ERBE(ER

Meoronymy EB55 B

. Thematic roles it St
Attribute B4
Possession §jE
Casuality E&

\7

Y

v

Y



KGEZAMS

= Node : S r=7tH
B EHT_]TE]\ im/\\\dzﬁ%
- (B, B3, %) |, FmigE, 2017)

dlinl

=1
» Compound Value Type

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



Example of CVT

I\ Tichael Jordan (Q41421)

member of sports team

or

s ' North Carolina Tar Heels men's basketball

Z edit \

end time 1984
start time 1981
position played on team shooting guard
/ speciality
swingman
sport number 23
Qaptai“ no value ‘
~ 0 references
+ add reference
§ Gﬁcago Bulls 2 edit \
end time 1993
start time 1984

position played on team
/ speciality
sport number

shooting guard

23

\captain yes
~ 0 references
+ add reference
Scottsdale Scorpions # edit \
end time 1994
start time 1994
position played on team outfielder
/ speciality
sport number 35

~ 0 references

+ add reference
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= 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
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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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| T1LL

» Part 2 : FREIERISHEE
- BEFRERNIIRFRRSHEE
- BEFofmliVAhREF~SHEE




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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itk

= KRR :
- Ontology Matching
- Entity Linking
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« Partl : f0iREES|S
- HHRE Zi@_ S 5MBERA
- AHREIEE AL
- AHRERSAE SR
- RFRMERIRERE

| T1LL

» Part 2 : FREIERISHEE
- BEFRERNIIRFRRSHEE
- BEFofmliVAhREF~SHEE
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» 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”




WordNetBZ25~45]

watery parched
damp arid
moist <¢=p wet — ¢mm— qry =) anhydrous
~ \
humid I I sere —_——
. =) E{IXZ
soggy dried-up — G\ X

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

— N RRER N FIREFMAMR
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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




%I:I-l'/ \i%/J \1|:| =1 CyC L

CycL: B ZITRAIREFRES
- BT First Order Predicate Logic (FOPL)
- K 7|<1u__I-ISPl|:||:|EIJl|:|I£
Constants: {58
- Cyc, Douglenat, BaseKB, EnglishWord

Variables

- BT

- 2TYPE

Predicates

- Isa, genls, comment
Functions

- (FruitFn AppleTree) > Apple




FhARZRANE S -Cycl

= Formulas

- W=\ A(predicate argl arg?2 .. )BIFRIRT
- SFhE(E: {true default true, false, default false,
unknowny}
- 51
» (isa Dog BiologicalSpecies)
> (genls Dog Carnivore)

> (skillCapableOf LinusVanPelt
PlayingAMusicallnstrument performedBy)

» Logical connectors
- not, and, or, implies
= Quantifiers
- {f— FE



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))



Predicate usage in Upper Cyc

Freq. Predicate Description

4503 isa SEAIZE3)

2695 comment AtermBIRAIE

2565 genls =l E TR ER

920 argllsa argument 1 constraint
836  arg2lsa argument 2 constraint
525  genlPreds 181 L MR R

301 not IZHEARERERT

243 resultlsa RRELAVE 25

120  arg3lsa argument 3 constraint

107  implies IZIRIER XA



Tens of thousands of Predicates

between, owns, isa, beliefs
Hundreds of thousands of Concepts
% . CityOfLjubljanaSlovenia,
L ' Witbrock, Slovenia,

"J SlovenianLanguage

Natural
Geography

Political

Geography Anatomy &

Physiology
Products Conceptual PEmotlr_n B I"I‘um_an
Devices Works erception Behavior

Belief Actions
Vehicles Mechanical Software Soci
Buildings & Electrical Literature Language Relation
Weapons Devices  Works of Art Culture

AL

Artifacts

Weather

Earth &
Solar System

General Knowledge various domains

Specific data, facts, and observations about those domains

Business &
Commerce

Purchasing
Shopping

Social
Activities

A A
A

Transportation
& Logistics Communication

Cyc contains:

>15,000
>300,000
>3,500,000

Activities ©Organizations

Predicates
Concepts
Assertions

Politics
Warfare

Sports
Recreation
Entertainment

Professions
Occupations

Travel

A
A

Everyday
Living

Governments
Geo-Politics

Law

Business,
Military
Organizations

A




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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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

EXREZEHE (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

ARSI ER

- % EFEMmappingfdinfoboxifEY , Raw
Infobox Extractlon Feature Extraction, Statistical

- FEFE1E= : Scala & Java

» DBPedialive : F&RF5Wikipediafy[a]2

- 201345758 , 9&1%2&

V=Ea

SEPER77IR)

SR5IT330/50 /R Im4E (F



VSRS

—_————g T e ——

Wikipedia

Wikipedia |/
Dumps

Wikipedia |/

Extraction Manager

E xtraction Job

OAI-PMH

7 7

- )

L ]
‘V‘
< OwA ks

v’ e

Dumps

N-Triple

11

: Destinations
Article-
A Queue - Extractors N-Triple
‘ Label Category || Image Serializer
PageCollections Redirect Disambiguation SPARQL-
= Update
| Database |wes || ap 4ot Geo || Pagelink Destination
| Wikipedia
Mapping-based Infobox B ——
_| Live e
| Wikipedia
° v
Parsers
DateTime Units Geo
String-List Mumbers

Triple Store
Virtuoso

S

SPARQL endpoint

~ -

Linked Data

~

The Web

DBpedia apps

SPARQL clients || RDF browser

HTML browser




HHEAI A7

About: Harry Froboess

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

Friedrich Harald August Froboess (1899-1985) born on 10.23.1899 in Dresden, Germany, was a German stunt diver, and high diver.

Property
dbpedia-owl:abstract
dbpedia-owl:alias
dbpedia-owl:birthDate
dbpedia-owl:birthName
dbpedia-owl:birthPlace

dbpedia-owl:birthYear

dbpedia-owl:deathDate
dbpedia-owl:deathPlace
dbpedia-owl:deathYear

dbpedia-owl:occupation

dbpedia-owl:spouse

Value

Friedrich Harald August Froboess (1899-1985) born on 10.23.1899 in Dresden, Germany, was a German stunt diver

Froboess, Harry Arias
1899-01-01 (xsd:date)
Harry Arias Froboess

dbpedia: Bern
dbpedia: Dresden
dbpedia: Germany
dbpedia: Switzerland
dbpedia: United_States

0023-01-01 (xsd:date)
1899-01-01 (xsd:date)

1899-01-01 (xsd:date)
dbpedia: Switzerland
0012-01-01 (xsd:date)
1899-01-01 (xsd:date)
dbpedia: Diving
dbpedia: Stunt_performer

dbpedia: Harry_Froboess__ 1

dbpedia: Berlin
dbpedia: Switzerland



{8 FHR D FAER 7~ BN HSRYANR

» TS ZUENM(Lquery , SPASQLIESEIS
» S Web FEtEIEERI DEEFIEERK

“Clockwise is a 1986
British comedy film starring...

<http://dbpedia.org/ontology/Film> 4

<http://www.w3.0rg/1999/02/

22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/abstract>

<http://dbpedia.org/resou rce/CIockwise_(fiIm)?

<http://dbpedia.org/ontology/starring>

<http://dbpedia.org/resource/John_Cleese>  _

<http://dbpedia.org/ontology/birthDate>

“1939-10-27""xsd:date



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




[T

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



Relation Total Facts Evaluated Accuracy

actedIn 12636 69 97.36% +- 2.64%
created 225563 94 98.04%+-1.96%
graduatedFrom 15583 57 96.84%+-3.16%
type 8414398 208 97.68%+-1.83%
subClassOf 367040 339 93.42%+-2.67%

diedIn 28834 88 97.91%+-2.09%




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




RRMEARELE

» ATHEEIHELS
- WordNet
- CYC

. EFWikipediafyaEit
- Yago
- DBPedia
- Freebase

o AHHEVZDRELS
- NELL



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/

— A ET XME BB ANIFEE AR E R THIRIR
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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...



= RIKGRIPRFIAIAE

= SRS PRE!
- _JE%[-L/E\” UJE
- _JJ:IG%[ i/\F'w E
- —ECRHEENIER
» WHISEEIEAVERIR
- XIESMERISER |, AEventiZiEAE
- Yago 3fE—EEE _LE SR aFIIERE T

ES: WordNet,BabelNet
FSchema : Cyc, UMBEL
JFact: DBPedia, Yago

"-UI IUIJI [FLLT}

= BRI
S SR RUEFFNRISKGREFNE SR DA
s 'aLODag =357

- fR=SchemazZ|gfJalignment
- FERARIRERERIARES] . OWLHISRINEERIDIE R




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 )




Coffee Break



Hx

=« Partl: %IIIW»,\52 =55
- FAREERERESENE
- FhREREEARES
- ARERERLE A EES

1&% HE%D.L/ \.15

')GI II')irl Il')ﬁl

B

gpus

u Part 2 %Dl«/\glai‘?_.l"ji
EF?@%E’J%DLH%T S
- BT o HMIRIRTRRTRSHEHE




2T SAIARARRSHEE

= ARAAIRERTR

» FFERTANEGIENI
- Logic
- Semantic Net
- Frame
- Script

- IBXYMEAITRARTE SRR



T 24ExNR ?

Knowledge

|

Information

Signal

Knowledge = Facts+ Rules+ Control Strategy +(1

Knowledge

SHT) Faiths




y MR NI i

s Facts: [RiRMEFIIR (declarative knowledge) Bl EEE2
- John B—/~ IRk, 2%y B 1 BHEELANR
- 141 =2, 2B %

= Rules: 72 7 H13H (procedural knowledge)

- R AR RSPER: SRIETRISEP R
- AN — D ER — IR > XTBIRE RS
i &

s Control Strategy: JLAIIH (meta, super knowledge)
- HETH K MG (reasoning strategy)
- 1 Z W% (search strategy)




AR



FMRZER(Knowledge Representation)

» FHRFRER2IARIRZEFNAIFRIRI AR
- WAHEES , KREEXGEAINAEHEFILGIEEE
- EAISEET , KRFEEXLGTFINAERREFHRA
B8 , HFBIEIRMNSBLREHSE S | XEFETET
TR AT LUBIX LR R SR A S5 BE
- AIRIZERAENERTIARZFINERREIC (RE.
HEZR, ML)

[T=




KIRZR<

» — NIRRT ESPEE—IMEN | F15FA]
_.”J\L_ JEEMARITERBESINGER
ICIREME ( NEBEFRENCKAGA ) |, kBE—NE
K (FBAREIT)
s — N0V \2‘%4\xHE—/\ZIS{leigx“E(ontological
commitment)tES , BRIZW AR : FiiliZ
A ARIE (terms ) SREEZ/MER ?

refers to s, \5%‘
evokes / \ £ What Is a Knowledge
" ¥ Representation? Davis et al.,
Form |- Referent 1993
Stands for

Jaguar

[Odwen, Richards, 1923]




AIAZRRH—L422/ 0BT

o AW{AIZRRADIR ?

= AMRAS
= B4l

RIAL

ABRZEMT24 ? HIWEARRE?
[EERFSEHE(symbol structure)3g
iR ?

n — P EIschemapZMNEYS EEGA R E4LL

e

Smiay, ?

s —PERschemafyZR<BeJR0{A] ?
= SchemahiZE2fFATANIE R FETHY ?




%Dl/ \i'%TEI’JE

E

HEHA

M ﬁ?ﬁiﬂﬁlﬁ
- Logic
- Semantic Net
- Frame
- Script

R ERIR MG RE=

E2)

- ENRRR AR

. WERItASE , MHHRETE (5




ARFRMESHYAENA

» Syntax: AIRFRRNESPERAENRFRFS
(atlc%mic symbols) , RFHFEIIRES S AN
15

= Semantics: ATRFTRPIN— NG FEHER _EXTN
BIEEsE , HFRE— 9 FRIEE

» Inference: YA M\ EBIITRREEIFHANRAVHLE

Sentences : = Sentence
Entails
Rep g’ %
3 3
————————— m — — — m
S - - " 2r- -
World ? @
y Y
Facts >  Fact

Follows



PREDICATE LOGIC



151712 45

» RTXRANELE AT RAKTLATRIVAIR
- objects(terms)
- properties(unary predicates on terms)
- relations(n-ary predicates on terms)
- functions(mapping from terms to other terms)

m

» MHELmELZEE | 1B ERE T —ER AR THEE
ZRYEIR %%TT:T . bed LY R HEIEN R BN
IENENSELEIES AR




—PBiaiZiERYSyntax

Sentence — AtomicSentence

Sentence Connective Sentence
Quantifier Variable Sentence
- Sentence

(Sentence)

AtomicSentence — Predicate(Term, Term, ...)
| Term=Term

Term — Function(Term,Term,...)
| Constant
| Variable

Connective = v | A |=]| <
Quanitfier - 3|V

Constant — A | John | Carl
Variable —x |y |z]...

Predicate — Brother | Owns | ...

Function — father-of | plus | ...



N OE N AR

= Eterms3ERRITIS ¢
- Constants: Block1, 7/]\BH, John
- Function symbols: father-of, successor, plus

- n-ary function : E—1EE&n MermBytupleBRET
A—NFhterm: father-of(John), succesor(0),
plus(plus(1,1), 2)

» TermsEXTEHIZ=F , Logical functionitE{iIaTLA
S BRAEVterm3E E ERIRTAIRAINI SR

[
N



A (Proposition)

—
icate: 1BiRl2— 1 amahad , AFEANEE
E %, BEREXTRZERRE

/\Elﬁ

o nnuxelﬁljﬂﬂu FiZzigaf— 1 termicH |, T
—N B Ti—’E_‘mobJectsZIEﬂEl’J%?
- Brother(John, Fred), Left-of(Squarel, Square2)

- GreaterThan(pIus(l 1), plus(0,1))
HiE MBS EinterpretationdPFRIER(E

» SR LUBTIZEER(Y - A = © )KiE
- Owns(John,Carl) v Owns(Fred, Carl)
- Sold(John,Carl,Fred) = —-Owns(John, Carl)



= ==

= 1R
- .

» BEEEVE , RFERRX T ESEIXISRAYA]
R, MARE—ITREE]
» Universal quantifier: Vx
- Vx Loves(x, FOPC)
- ¥V x Whale(x) = Mammal(x)

lim

= Existential quantifier:
- dx Loves(x, FOPC)
- dIx(Cat(x) A Color(x,Black) A Owns(Mary,x))



Logical KB

- —Aﬁﬁﬁiﬂbdﬁ@’\ )

- T EAIERZBIREIAE
- Vxy Bachelor(x) & Male(x) A Adult(x) A

-~ JyMarried(x,y)

- 1BARIEN
- Vx Adult(x) © Person(x) A Age(x) >=18

S EES
=D S =
- Male(Bob), Age(Bob)=21, Married(Bob, Mary)

= ARALIERSERRE

- Adult(Bob) ?
_ Bachelor(Bob) ? (e — "o
Rules 5 M:ry Eﬁclusions

||.|.

dnl




HETEA

« HHETE : Q0P A True |- True

N gﬁﬁ?&ﬂ:ﬁﬂp —P/\Q

» BEHE (ZKRiE) : NWEP|-QHPNQ

= Universal Elimination: vV x Loves(x, FOPC) |-
Loves(Ray, FOPC)

» Existential Elimination: 3x (Owns(Mary,x) A
Cat(x)) |- Owns(Mary,MarysCat) A
Cat(MarysCat)

= Existential Introduction:Loves(Ray, FOPC) |-
Ix Loves(x, FOPC)




BRI FAIAZRR

» (R
- BiEX
%Lﬁbj] 5@

» REE
- ANEH
- AaJHIEME
- L,IEEL_L&%EI»\
B L:I%’ﬁ&{rﬁ;& = ::




SEMANTIC NET



Semantic Net

» BAIDEA:
- ARz — A EER TR AR RRER R R
SEE

- al_.l%r- *ﬁ*ﬂg*ﬂiu ﬂgtbzzjt*ﬁ*ﬂgmuﬁﬂﬂg@’fz:@

= Semantic Net2—/MEiTiE M R RIEIRAIEE S LS

= Semantic NetiSAIRFR~AEEIEZNAFIOET
- NodesZ oy, |51, F (5F
- LinksZrXIR Z[AINEN K ER

M.Quillian, (1968). Semantic Memory, in M. Minsky (ed.), Semantic
Information Processing, pp 227-270, MIT Press

J. F. Sowa (1987). "Semantic Networks". in Stuart C Shapiro. Encyclopedia
of Artificial Intelligence. Retrieved 2008-04-29.



ERERINEN KR

= IS-A
= PART-OF

= MODIFILES: on, down, up, bottom, moveto,...

g Qﬁi.'.ﬁ’v‘x"éﬂ’.‘lhnk*i
- Efr ER. e, mA..
- TR . ?—:1% B




ANA

1s-a

h 4

Animal
Can breathe
Can eat
Has skin

A

1s-a

Bird ,
Cantly |15 ot
: < Can sing
Has wings Is vellow
Has feathers
55
is-a Runs fast
Cannot fly
Is tall
Fish _ = a::
Can swim 154 Swims upstream
Has fins X Is pink
Has gills Is edible




Semantic NethEgHEIER (1)

= Inheritance ( 4%7% )

- the is-a and instance-of representation provide a
mechanism to implement this

- Inheritance also provides a means of dealing
with default reasoning

ELyis
IS-A IS-A IS-A
A » B ¥ C === A |/ C
IS-A can can
clyde — bird bird —| fly f===| clyde ——| fly

FUNINEL 2 T



Semantic Neth IR (2)

= Intersection search(3ZEEIEER)

- The notion that spreading activation out of two
nodes and finding their intersection finds
relationships among objects.

- T/ NSemanticNet 2[RI PCEI AT £

- Many advantages including entity-based
organization and fast parallel implementation.

- However very structured questions need highly
structured networks




Intersection Search73=/5ll

I
ownerT
color
carl —> tan
color
car2 > green

is-a

car

color
carl ™ what?
tan

What color is the car1?




FRAME/HEZR



HEZRIED

N *E i@le-l'kjjkf]i_}ijb?’— /1“ :%%[P_*%E,]}A]v\
A —FR AT HEZR SR FEEIS (2 E Y,
SEIE—TMHEYE, AIEZFHRE—TES

HYHEZR, FIRIFESEPRIFAXTE fHﬂ'p?lﬂMﬂ“EﬁI%l‘?ﬁ
M B 2 BT AIR

Proposed in 1968 by Marvin Minsky http://web.media.mit.edu/~minsky




FrameZx~

s ANREE FramefIZ L3RR,

==

NFrameE =

%EIJ, iR R RN Y17 (a stereotypical situation)

AERINTRANE

- — 1 Framez& LI T2

Frame-Based KRZE{L)-

—E

1C3R

(=7,

=

HIER

FEENSmE | XBIETYR

-J

HICREEETEE

e

=

30 | o% |50 | Xt | X

i
I
=t
Qi

N[ N | N N | N




FrameZx~

= Framef@&slot names#Hislot fillers
- — 1 FramefSslot&E S REE TR R SIZEZRBRAINI SR
- SlotrTLUEEE BAYFrame , Procedure , Slot

= F2EFrame

- Class Frame : S¥{UIFEFIXI SR IRFEE
: A

- Individual or Instance Frame
FEEMAYODbject

2 mEAYClass

EERSER

- Slots F{UFOOEmHAYvariables/methods
» AREBYFrame@EBHAELE— 1 ERE RS

- Instance Frame - instance of-> Class Frame
- Class Frame - subclass of-> Class Frame




FrameZ=~: 5+

DOG
Fixed

legs: 4

Default
diet: BB

sound: bark

Variable
size:
colour:

—

TSR AN

[==]
J

COLLIE (%% X)
Fixed
breed of: DOG
type: sheepdog

Default
size: 65cm

Variable
colour:

MFEGAE S E




FrameZxR< AR
. BUOSHETRER Y EFIEE S BIRIISAX R

F5<h
- Vx elephant(x) = mammal(x)

LI

s BENZ(ERslotsfOslot valuessiEIR Bt RR
- Vx mammal(x) = has_part(x, head)

s XIRAILAGRRRTE ASERIBE S
- elephant(clyde) = has_part(clyde, head),
color(clyde, gray)

- FLRRAEIHE , AN SRR

Sfurry {B2elephant; %%

- mammalhEE1



FrameZx=<_RAIHEIR <

= Vx mammal(x) = has_part(x, head)
= VX elephant(x) ® mammal(x)

= elephant(clyde)

mammal(clyde)
has_part(clyde, head)



BT R E SR

MAMMAL:
subclass: ANIMAL

° QLE‘(F—'E 1 M‘f*}%’l‘i has_part: head

Hj-J.LJC'fE%QJ% |\£ 15(* subclass: MAMMAL

*TI/E\I,%k]f AJ%’l\E) has_trunk: yes

*colour: grey

*size: large

*furry: no
Clyde

instance: ELEPHANT

colour: pink

owner: Fred
Nellie

instance: ELEPHANT

size: small

\




FrameZR~AI{LTRA

L 4

N ﬂtl "
- BRI RIEE
- XEFEGAELR

- B2

- YEEIFEADR ( slot fillers] LAR—/NMTTR )

l:

= FRE
- RIKBESIZRE
- BR=FRE (slot-filler values)
- BRE—MEACMARE—MRERT
- ' &BHE#ESreasoning/inferencetflHI<EX



FrameNet--Frame&liHZE

- FrameNet [Baker/Fillmore/Lowe, 1998]
- ESREZAE I TR A EHIERR 2 B =
- ,\@,/.:.\4000 DRI IEIR
- 200,000 A THmERIEF (EXBEEINE )
 BIENEZR. 1RJT. TEZRRR. HENRE

--!Ilk* \ >N L R R _
e I DU T
AR : auction.n, auction.v
S ? retail.v, retailer.n sale.n,
=2 ? sell.v, seller.n vend.v,
1il\¢§ ? vendor.n
RZAE 7




N
/

1EHEZEM Chinese FrameNet

I R TN

ARFIX

NIETEZEMN SIE N ITESR

RE

HEZE %

[f# motion

(http://sccfn.sxu.edu.cn/)

EZR3231
1787539471
{51£1200004%
£XinE2005%

SE S

S e, T

XA o SEAR LN T S

£ 42 4k 7K 1 A LA
[ %]

[
B

fE

[Theme [Thm

Direction [Dir]

e |
HETE %
5 (+ A7 L 28 2 AR AL «
s T
B v vt v o R i o TR RS 1 S
o o
RS 52 it TR 1 T 5.«
ik o o o TR IR s o
BRR R I
(VAN = I 1) 250
HESETE % 1 N
ks KA 5 e
-l 7 A S R ) R -
I 1) A 5 7 (Tl
Time [Time] PERTRCET TR, ot v 2 it o A 945 A )
RHELRE: T
S48/ Mass_motion], [ 17 f#/Motion_directional]
[z Es 15/ Motion_scenario]
T
: [#li%/Arriving], [ 14iz5h/Body_movement], [##/Bringing), [{#:hi/Cotheme],
KR [#JF/Departing], [{{/Emanating], [i#/Evading], [4#/Excreting],
AR R

[#if4iz5)/Fluidic_motion), [Jtiz#h/Light movement], [iz#)#:7/Motion_noise],
[i&#h§5i/Motion_scenario], [2¢ili T-JL#%{E/Operate_vehicle], [ii1}/Placing],
[#ii/Redirecting], [#F/Removing], [ [12h/Self_motion], [#}ifi/Shoot_projectiles],
[4#/ Travel]

i 7t

v

Cv, HHrv, &v, Bahv, REhv, #5)v. v




SCRIPT/HH%



Script®x<
s FIZRSHEZRE BiEERY , FARERTEEWN
BA—HE I RERS

» B FFrameZFT<
- (ER4% 7 slots
- AJREUATIR (stereotypical knowledge) , {B2XiE

BRI

dlin

FConceptual Dependency Theory#4i2

R.C. Schank and R. Abelson (1977) Scripts, Plans, Goals and Understandinga



ScriptiEN.

» —PMHIRE—EERY , 887 —HESHEKR
SMER T ARSAIESR [Winston, 1992]

s — AR —NMERNFEL TXPRIRBE G FS
HOLEFI( RS [Luger, Stubblefield,1998]



ScriptAYHRITE=

s HENEH

- B FERIA R TR E A RORTIR R
» A

- B ARRRAEMARTR E R A AL IR A X AR,
» JER

- BRI A TR S R AT A IR0 A SR RO
» IR

- FAREREHLRENEINF. —NSEHRUBRSMIsAR, mED
IHENX A AR H BRI .

= &
- AHIERIA TR B & R R



Scriptfil—+

TEUERR “&F” BARRGIRIEEAZ D ERSBIZERK -

(1) HEANFEH: © BRET, FE2HE; @ MEBEBHE.
(2) At m%E, RER, EIf, EiR.

3) EE: B, BF, X8, $%.

(4) A=
a1 HA— O MBHENET; ©Q SHKEF; Q@ HERETELT,
E2: m3— O RFBFAEMERE; QO MELN;

@ MELRBETBAMSS; @ MEFFEMSRIER.

&S FHF— O BRBLAEIREINBEMRSAN; QEINHEE, MmEFF.

O FInEHFRIRGERSR; @ RFRLREBME;
Q FErZ3,

HR5: BA— O BFERERMKE; @ MFHEXLEMRS5;

Q@ MEBEFET.

=4: iR

5) &HR: © MBEZTIR, PHT; @ BEETH; @ ZWRWKTHK; @ EFRED

I



ScriptRJiEIHE
- 0 0O
» ETHAEHERIERVIEE
- AENABERHEMASSRE
RANAEREHMAL SER
B B E RS #\ > S5
2> 11K > (18> BT

- FUMARFEH: AREIZBRES TG ERE
M| 3 —Le AR R R BRI 212 LAY S
AT

Jinl

=5,
=, AT LAE ISR




ScriptBYFF=

s TR
- BIARGER SEREMELLRIZENERZ LR
%E'_,R/E "’E;E\

4

= L

- EETARIETSTAE TR ERR BN 4R S
, WMEMEERTE

. EATERIESERT A LERE N

iy




SEMANTIC WEBHIIRERTIES



HIE R %M Web of Data

» EFARIAIREENG

. EFRENRIRA o
- TEWeb b BTREEMICEIE JERE

- EAEERRTREIRZ B LR

= $HE

=Y [BERTEHERERAIAYD. A,

- Web ERYSEYIEAEE—AIURI /
i / \

2. B

ddinl dinl Jlinl

SR v T—
- Web HEIRRISR I



B RS EEAEES
s 1B MMERE T —E iR e

ﬁ'ﬁtﬁt‘l‘ﬂ‘.lﬁaﬂ.:;ﬂ]__,\ 5
FR AL AR — RN R Sty
RS, RFFIXR

HTM LR SASFI]AS Z Bl 5%

RDF, RDFS, OWLFIXMLggagHs

AREYHEAZEXRER | WA,
i, CHIFCHA M

- Use URIs as names for things

- When someone looks up a UR],
provide useful information, using
the standards (RDF, SPARQL)

T 6P "1 _ 1° 1 _ ¢« 2 " rmr1sT_.

Proof

Unifying Logic

Ontologies:

Rules:
OWL RIF/SWRL

Taxonomies: RDFS

Data interchange:RDF

Syntax:XML

Identifiers: URI

Character Set: UNICODE

AydeibordAin




FERH

» BFE—RFBIW3CHRENTR :
- Resource Description Framework (RDF)
- RDF Schema (RDFS)
- Web Ontology Language (OWL)
- SPARQL, an RDF query language




RDF

e RDFxE—ﬁFi%Jj% ( web resources ) FIXIZR ZIE]
%%E/J i'l«|:| =

» {HH(subject, predicate, object)_TUQEEl’Jﬁ/ECEE
pRIA KT XI5R (EFAURIERIRAYresources)BIATIR |
BRI XISR BT SE5 5k

» ROFE—MERERE , AJLIRASMHAERISIE
g0XML, N-Triples, N3 JSON-LD%

property
resource » value
FiE 1815 I=3F=

(<http://..isbn..6682>, <http://../original>, <http://..isbn..409X>)



RDF@Eixs-4l

< http://www.aifb.uni-karlsruhe.de/WBS/ysu >

site-owner
(o)~ >
site-owner explains
Qt-tp://www.w&org/ RDF

<rdf:Description rdf:about="#York"”>
<tel>6086592</tel>
< /rdf:Description>




RDF Schema

= RDFS ERDFII—1 & | 12t ¥ — AT HaidRDF

resourcesfyfE % (properties)flzs J(cIasses)EI’J7k
12Z<(vocabulary)

o _PIRERAEBR— N ERBINEIR IR R S
(typed hierarchy)
e Class, subClassOf, type : HaiAZEBIFZ51
e Property, subPropertyOf: BiEIR{IAZR L5
e domain, range: BN FIAE

subClassOf subClassOf

d i - range
omanm hasSuperVisor >

Professor

PhDStud




RDF(S)7N15

rdf:type rdfs:domain

rdf:Property rdfs:range
rdfs:Resource
rdfs:Class

rdfs:subClassOf
rdfs:subPropertyOf

... others (rectification, annotation, literal,
collection, container)



RDF Schema syntax in XML

<rdf:Description ID="MotorVehicle">
<rdf:type resource="http://www.w3.org/...#Class"/>
<rdfs:subClassOf rdf:resource="http://www.w3.org/...#Resource"/>
</rdf:Description>

<rdf:Description ID="Truck">
<rdf:type resource="http://www.w3.org/...#Class"/>
<rdfs:subClassOf rdf:resource="#MotorVehicle"/>
</rdf:Description>

<rdf:Description ID="registeredTo">
<rdf:type resource="http://www.w3.org/...#Property"/>
<rdfs:domain rdf:resource="#MotorVehicle"/>
<rdfs:range rdf:resource="#Person"/>
</rdf:Description>

<rdf:Description ID="ownedBy">
<rdf:type resource="http://www.w3.org/...#Property"/>
<rdfs:subPropertyOf rdf:resource="#registeredTo"/>
</rdf:Description>




NIEZR

« RDFSIEHTENANEZFR(vocabularies)BIgE
- BEUEEMEEIES
- SHENERFHIANENXER
» NIERHIF
- Dublin Core terms: creator, date, .
- FOAF terms: characterization of persons
- Good Relations: eCommerce terms

- Creative Commons: copyright classes, license
relations, ...

- schema.org terms: events, organizations,
places, reviews, ...




RDF#ARDFS

= RDF(SfE{H Y
- (IR/NB9) BB 297E (ontological
commitment) & &Eprimitives

- —PAFRNRFRRANECER (subClassOf,
subPropertyOf, domain, range...)

- AJLARRRE N ARIEZR (vocabulary)
. ﬂaE

Be/EREIAIE N
ﬁ?% /DT R

‘ Web Ontology Language = OWL



A{KOntology

“People can’t share knowledge 1f they do not
speak a common language.” [Davenport & Prusak, 1998]

“An ontology 1s an explicit specification of
a conceptualization.” [Gruber, 1993]

- NRET AFONERZ BIRNEFAI3SR

(communicate)t/ 1l

- DMRNBEIELSHRE (standardize) IV

(formalize)iFiEHIENX



AR RITTHEZFRO = {C,R,F,A,l)

» C-HLSES , BELTaxonomyfz(HIA
- IKE |, TR

= R-XR , ESEE O CENEN KRENES
- subClassOf , birthplace

= F- R, —BISRIIRR | REFEN N ITTENE

Hfttn- 11t RRVERE

- Price-of-a-used-car BH the car-model,
manufacturing data #[] kilometerstfxE

= A-RIE

- MNRARBHFL , BECHIFL , MARCHIF
« [ -B{EME

- WN:Peter2MEEF4RYSLH




Web Ontology Language = OWL

= OWLH—Z1R I 7 BZRIANIEFRIERE IS
- ZEHIZER9K K (e.g. disjointness)
- E#{cardinality (e.g. "exactly one")
- equality
- richer typing of properties
- characteristics of properties (e.g. symmetry)
- HrE




t8EL FRDFSAYY &

= 1R
-5, 8, 3k, FE E
= HEERE
- 30 : inverseOf
= B
- 40: transitive, functional, symmetric

- emailEMERinverse functional, i.e., two different subjects
cannot have identical objects

= BIEMERIEXER
- Equality, non-equality(between classes, properties, ind.)
- wl:equivalentClass: two classes have the same individuals

- owl:disjointWith: no individuals in common




OWLECE

Classes Class Construction

owl:Class owl:complementOf -
owl:Thing owl:intersectionOf %
owl:Nothing owl:unionOf 5
OW:fRe;tr'Ct'on owl:allValuesFrom c
owl:onFroperty owl:someValuesFrom =

Non_equality OW|:haSVa|ue §
owl:differentFrom owl:cardinality o
owl:disjointWith owl:minCardinality S
owl:AllDifferent owl:maxCardinality F

owl:distinctMembers

owl:oneOf
+ RDFS Plus vocabulary



Thesauri,
classification
schemes

Simple vocabulary
language

Query language

Graph data SKOS

model

SPARQL RDF-Schema

iiiilﬂ%ﬂb \EI:-H- IRNE /=1T= M—‘%

Expressive Ontology
Language

OWL

RDF (Resource Description Framework)

Unicode URIs

Ontologies

Vocabularies

Relationships

Entities



ARG

» —RiiBiahZ4E
- —ERFHESENNSIARFR RO
- SEERYHEIEREIFNRIABES IS FF
= Semantic Net
- —PNBEITE N R REEAIE S
- RIXBENZIR , ENERHRZE NS
= Frame
- BEEFRRIUYERNRRE STIFEAEE
- RIABENZIR , RZIB N
= Scri pt
- REEHFAR , IEEZR , WHFEEFHImEIEEES
» BEXMHIRERFESER
- HMmWeb of Data, TEZ—BERFRFHF
- BHIHERSAEYT]




Hx

« Partl: §EIZI Sl
- %R Zi@_ SESMERA
- AMREIEEAHLE
- ARENEAIE R EES
'f'b%% Eﬂ]l«/ \.15

')GI Ill)irl Il')ﬁl

| T1LL

» Part 2 : FREIERISHEE
- BEFRERNIIRFRRSHEE
- BEFofmliVAhREF ~SHEE




=T MIVHYAIRZR A




ARENSRTFILIED R

j4h eniity
o o i
Tensor Factorization k8 .
keth
= / \ﬁp elation
5K 5 iR

heterageneity, multiple lype\s\of entities and relations
*, &

deal with 1-N, N-T-and N-N relations.

/" combine enfity description

combir relalion palhs  oobing infeknqe\rules

cohb\né plain text

:‘F‘%EJEJ i% E/j* iFI;JA Translation-Based

h+rx~t

*EFI H é%* U Neural Network



ik ExR AR ERE

FRENEF =t BNEHE ( SkaBSEIRh , K&r , RBEBsElRt ) |, HoriEx
SKRSLIR, LAE, Es, -+ EnFRANRENETHISENR |, LAR,, Ry, -+ Ry ZFRANRE
IEPHRER |, WEILUER— =456 (5KE ) FrAiREE

LS | Rm

Nickel et al. (2011). A three-way model for collective learning on multi-relational data. In Proceedings of the 28th international conference on

machine learning (ICML-11).
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SRRV B PRERZEY

o RANRERERISKEICAY | kMBS AY, S
Yk — ARkAT k=12--m

« Hf4 e R™ , Y, € RV, R, ERT.

» XE—NMERRDE | rREEARRR.  ARNE— TR SHARIRE
HEREES—YIRI—ISEARIRE | FBEY, ERAPRRAVER , RmZ
MXARERED AT SLERRSMEE(ER.

j-th entity
it >
ik

k-th “
relation

~]



SRRV B PRERZEY

FIAREFAA AR ISZFKENZE. BILBERS

HE

?%?f(A,Rk)+g(A,Rk)

Hep/ (AR, ZETRERAEL
f(AR,) (ZHY ~ARA"[ j

o R RIERHLTR :
e(AR) =32 1AL+ DR






TREIRIRERE

0 £

Bill . John :

\ / pam -_ party /

|
vice msldentOt \ Party X vice msldemOt

', L\ndon )

\/

T
a, R a ~a, . R

party € partyX Lyndon — aAl ~ a

party paﬁyX Lyndon

T
aAl vicePresidentOf aBill ~ aLyndonRVicePresidentOf aJohn — aBill ~ aJohn



PREINTE LA

= EHETA

-1
A« {ZYkAR,f +YkTARkHZBk +C, +/II}
k=1 k=1

B, =R A'"AR,, C,=R _A"AR,

= BFTR, R, « (ZTZ+/11)_1 Z vec(Yk)
7=A R A

- EREE ARV < HEBIRAERRE. & RIREM— MBI



ET#hFEAIREY © TransE

» AEEFRSERFIRR., <ESSE = (head, relation,
tail) @5 R (hrt) , EONAEEERSRNS (ht)

"\ b+ A=
AN e e F 7

R+ =B R

Bordes, et al. Translating embeddings for modeling multi-relational data. In Advances in Neural Information Processing Systems, 2013 (pp. 2787-2795).



BNFRENES)

» HEERREY
- WFESLESN=JtH (hrt) , BXKh+r=t;
XTI =T AN 124

f(hrt)=|h+r—t|,

fOE AT dE50) > fOkB HAET ki)



R ERF >

DI>—]}

A A

ZJRFAM -

- BIREREN

>

Y [r+flhr)=f(H,rt))],

(hrt)eA (K r it )ed

=max(0,x),

A FRTAREF=THNES A" RrR=TTHRINHFA

(hrt)  Inl<tl|<tlg <t



ERTEARTTIE

. SREAEE RS

AT

1. ?%?14‘%@%@%&%5@%”0’) , B (hr. )RR h(0), ERTREET (7.r.1)
B (hrot),

2. EEEFEERLAAIIR | AERTEBYESAR SRR , MEE
BEXRER r RERSRESHRETIEE. a0

XHTRERSEAERET , RIEAEMARER "EE" W "B
& MASERARHITER.

WkBA AT ki)



ANRENSEUE

- ARENEFXREREE "1-1"

EZ SIS

t
-

"1—N" R "N—1" R ”N—N"
=R SR 1
h+rat, SIS
3
h+r~t, =P t ~t,~t,
h+r=~t,



IR S22 TransR

= TranH, TransR, TransD

TransH h) =h-—w, hw, t, =t—w, tw,

fr(h,t) =|[(h— w:—hwr) +d, —(t - w:—twr)||§

TransR h, =hM, t, = tM,

4

L ) . 2
Bp— M fr(h,t) = By + 1= .3
A A
A ¢ TransD M,;, = ryh] + I7xn
A ‘
AOA\ ‘ M, = I‘pt; + Imxn
h, =M,;h, t; =Myt
Entity Space Relation Space of r

fr(ht) = —|hy +r—t.[3

Wang, et al. Knowledge Graph Embedding by Translating on Hyperplanes. In Proceedings of AAA/ 2014

Lin, et al. Learning Entity and Relation Embeddings for Knowledge Graph Completion. In Proceedings of AAA/ 2015
Ji, et al. Knowledge graph embedding via dynamic mapping matrix. In Proceedings of ACL 2015



AR E S 200l

. EAXRERSHIES N FRN=TTET | ST
MR AT e
9B

continent contains country country contains city

. country contains universit
state contains county y y



MRS ZERIA R RHIAE

al
H}

» SHEHDHERTAS
- BWEREFRZASHMNERERN)
- IR ERBERRA TSNS HIE (N REN)
- BEELWE | ZSLUNE ]HkERE
- REMER | KR ELS!

USA

. nationality
(" Bill Clinton )
Chicago
\ Spouse |
. place of birth

HIIIaryji_nD

He, et al. Learning to represent knowledge graphs with Gaussian embedding. In Proceedings of CIKM 2015



KG2E

P=H-T~N(u,-u,2,+2.,) P=R~Nu,2,)

E(h,r,t) = E(Pe,Pr) = Dxc(Pe, Pr)

. N(z;p,, )
- ./'\" ‘j'; ‘o~ y 2T‘ l r = d"‘
./.7:1672.’“(: (l s ) o8 N (I; Hos 27‘) !

1 ) .
- §{t"‘(2r o) + (1 — 1) S0 (1, — )

det(Ze) }
det(S,) °

— log

%@i& E(h T, t) = (DICC (Pc , pv) + D}CC(Pr, p(:))

b | =

Absid £= Y > [E(hyr,t) +v — E(R 7', )]+

(h,rt)EL (B’ .r' t')ETY, . 4



G R T P Do

= R IIZSTREY

- Neural Tensor Network
- Semantic Matching Energy Network

R M IRBLAYZ O RS | (ERMEME =70 HE X BEEREL , )15 BiR
EP EXIEHN=Tc HEERENEEE | mxtI=THEEREAREE. &Y
SRR = TR TR , B IERN = AR = T AR R —
NABHISFRE,

L= Y > [E(h, 7, t) +~v = ER 7, 1))+

(h.rt)EL (h' . r' t")ET, | 4



Neural Tensor Network

= REFR

Linear Slices of Standard Bias Confidence for Triplet
Layer Tensor Layer Layer

=

: Neural

Tensor

f : + R Network

r =
lal
D

—_— @)

( Bengal rtiger, has part, tail)

A%k

Does a Bengal tiger have a tail?

Socher, et al. Reasoning with neural tensor networks for knowledge base completion. In Advances in Neural Information Processing Systems 2013



Neural Tensor Network

= BEEREER

Linear Slices of Standard Bias
Layer Tensor Layer Layer
(e | N\
|@0® | [ee0] | a
=l
f ' ® || | cooooo + B
L - == 000000[} X o)
P g
| @8 ® | o
= | o}
| @ |
(I 1 S
\l o /

v o vIih!| ¥
g(h,r,t)=u’ f| W+ v [P,



Neural Tensor Network

I
= SCIRERIR

Knowledge Base VVord Vector Space

BankOfChina = (Bank + Of + China) / 3



Neural Tensor Network

]
= JIIEEBRIEE

N C

7(9)= 3 Smax(0.1-¢(1) v (1)) + 210

= YIREREREA 70 = (1,0, 1)
o frEA 1V = (A0, ), BENLER LR RS R RS
- ¥ QRTHESEINSY  QEAER  XROKE B

= {Uft73iE : L-BFGS



Semantic Matching Energy Network

ﬁ%ﬁzfcéﬂ‘ﬁ’ﬂ RERHH

£((Ihs fel,rhs))

. ~
N
/ N,
7 )
A” \

] e N
X LA Eri__ B %3 AR
& T S ARCHEFTLH A
RABATHL SERBETAL A
“““““““““ Orerl-) | Grighels)
_________ .L ‘ ’:;, ‘L'-__.___'
Eihs a=="" # Lo Secai s
D 1'4" PR
(ilhs, irely irhs)
'—';-d |_.=_a l—-‘:
'o" E \\
]

L= > > [E(h,r,t) +v — ER 7' 1))+

(h.rt)€L (W' t)ETY, |\

Bordes, et al. A semantic matching energy function for learning with multi-relational data. Machine Learning, 94(2), 233-259, 2014.



Semantic Matching Energy Network

E((Ihs, rel rhs))

/@\

/hs(re/) rhs(re/)

gleft(~) gright(-)

E lhs

Ere/

=~ _~

4
(lhs, rel, rhs)

Erhs

Linear Form
Eins (Tel) = gleft(Eth, Erel) WllEth + WiE rel + bT
EThS(rel) = g?"ight(Erhsa rel) E'rhs + W, 2E rel + bT
E((ths,rel,Ths)) = (WllElhs + ngETel + bT) (W”Erhs + WT2Erel + bT)

Bi-linear Form

Ens(rel) = gieft(Eins, Eret) = (WixsE]) Elhs + b/
E'f‘hs (rel) = gT’ight(E"‘hS’ Erel) (W X3Erel) rhs + bT
E((ths,rel,rhs)) = (WixsE},) Efy, +b])T (WrxsE],,) E]

rel rhs

+b7)



TEUMES SEES

= =TEDE
- (ESHER
FlreER =eHE A2 1EMRY. B
(BB HETFT L) v (BkBR HET AER) x

- TR
XE— N oIS | D RERRATNET.

- HIES
= HENEUESES WN1L, FB13, FB15k,

< WNITT: JIZEE112,581 =5, HirtE2,609=>Jc4, MliX410,544=c4, 05
S4£38,6967, KART1HH,

FB13 : JIIZ5k5£316,232 =Ju4, RiF45,908 = cdl, MkEE23,733 =78, wEsL
£75,0434, RFK13M0,

FB15Kk : VI1%:4:483,142 =74, ¥iF££50,000=7c4H, Mik4£50,000=7c4H, 05
SEAR14,9514, J5%1,345F,




TEUMES SEES

o TN
ES A
FEAR=ITHRPRISHAEERR | AL (RR ) EFERELE (XK ) FHibE
(BkBA HEFT L£8) (PkBR BET 7 ) pEf b= L ...
(BB HEFT L£8) (WkBR 7 L) ¥ BEth HET ...

M S
THEIERSCRAHESR |, HEREEERT , BRESEL. TR ERrE =JoH LR ERsLRRI N IHE
2 mean rank#0HERERIL0A9ELAI @Hits10,

HiEeE
ERRNEEESES WN18 , FB15k,

WN18 : JIZ5141,442 =504, %AE55,000=Jc4, MALES5,000=TJc4, wl&5%
£40,9431, R 18%,

o FB15k : JI%:4483,142 =7t4H, HiF450,000 =704, WMIA4E50,000 =704, A5
SEIR14,9514, F5R1,345F,
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o
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N
o
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FB13(=c45r2%)

89.1 88.2

85.3

Il Tensor Factorization
[ Translation-based
[ INeural Network
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SME(bilinear)




FB15k(= 76419 %)

100
Il Tensor Factorization
[ I Translation-based
g0l 88,0 882 89.3 |[__INeural Network

S
>
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&
3
68.2
&J 70 >
=
60

50



WN11(= 764141 2K)

100 r
I Tensor Factorization
[ Translation-based
90l [ INeural Network
85.9 86.4 86.8 85.4
g 80
oy
©
§ 70.4 70.0
g E
= 5
=
60 ﬁ,
=
175}
50
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FB15k (£ 1l @Hits 10)

100 r
I Tensor Factorization
90 - 88.7 [ Translation-based
[ INeural Network
80y 74.0
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= ARENEZEA TERERARHIELEMY
= FHRENSAEARSHI R AR RELS
= ANRENE |==F1R

= fﬁ 'UE/J%D'LR%T
- _Jﬁqcﬁ: IV

- MELAKHUER, 1%)4:1'3/3

n B 73413::\.!3’]5@»&% H
- _J—?—j o8, EBEAHURE. Frrus
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XUEE kliu@nlpr.ia.ac.cn
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