s
T =727 DIEDHAHE
Z DL

AIRM RIS G =E
hayashi.katsuhiko@lab.ntt.co. jp

NTT DX 2 =4 —> 3 VRIZERWRAT



» AT 5T &3



M (FLyY) 5T ER?

» FIF%: Entity D Relation TECiR

. MHSST G = (V.6
» V EROES (JER = Entity)
» ECVxRxV: BDESE (@ s5 o= Fact(s,r,0))
» R: Relation DEH
» s % Subject, o %Z Object &R

Spock SciFi Obi-Wan Kenobi
played genre genre played
characterin characterln
g starredin 4)(/ M‘carredln —g
Leonard Nimoy Star Trek Star Wars Alec Guinness

» EfI: WordNet, Freebase, DBPedia, Yago /& & [LSST11]



WordNet [Fel98]

#PRINCETON UNIVERSITY =

WordNet
Alexical database for English

Whetis
WordNet?

Peogle

News

Use Wordhet

onine
Downioad
Cing
WordNet

Lense and

WordNet Documentation

WordNet 3.0 Reference Manual

ee  aossary ofWorde trms for an explanation of someterminlogy

https://wordnet.princeton.

edu/wordnet/documentation/

Innovative RED by NTT

BEY)—TAT—Y

» A&RFETIL—7 (synset) DI
& (%11 /5 5 T1E%E)
» %5, 215, AR, EIFEOK 15
ER AN
> synset HICEARZ E&H
> hypernym (E£IFE), hyponym (T
fiIZ8), holonym (£145E),

meronym (Z84358)
dwelling;adobe Kitchen

mero.

mero.

bekyard hyper. | hypo.
O—

g mero. bedroom

veranda house;home

O «—— mero.
mero. hyper hyper

T4 T

guestroom hermitage


https://wordnet.princeton.edu/wordnet/documentation/
https://wordnet.princeton.edu/wordnet/documentation/

BabelNet [NP10]

http://babelnet.org/

» Wikipedia D/RX—2/ (Entity) Z WordNet NY v E>

» Wikpedia DY > 27> Google BIFRAZEZFAL T, 271
BICEDRBEEGYY — 2 A ZEBE

[l


http://babelnet.org/

Freebase [BEP708]

r~ Frechase

https://developers.google.com/freebase/

» NED—AEFIHZ 77 K ICHEEE
» Google ICIRINE 1, Knowledge Graph APl THRZRAIEE
» Wikidata NDOFEED TN TS [PTVST16]



https://developers.google.com/freebase/

» AT 5T &3
» AT Z 7L T BEREE
» BEREIR



BREZEOH [ES 09, AE 16]

[ eana
» BmEBEY AT A
» BREEMEDBEOBRR GHEPEE) - 1750 X TKIR
» 2 DDA Y & Z ITHR (TVT dITHNR)

A d A
~ J T
BE X BE Y

* 2 FERRE argminy 7 | X-YZT|2 2R/IMEL THE

» B i DFEm j NDREFRZ FH
>y YD IIRI ML, 2 Z D AN ML

T
Xij~Yi Zj



3RBEETVVIVICE BRI F7RE -~ (4

» Relation r [CX9 B BT X,

o '
2
Qi?} )1 (sro)€cE
Xs.ro =
0 (s,rno)¢E
of1|ofo|of1|o0]1
Sbj. 1|lofofofofo]o]o
Y
L/ olojofo|1|lo]o]o
Y
Y o|lo|ofo|o|o|ofoO
D ofoflofo|ofofo]o
Ob;j. ofof[1]ofofofo]o
ofolo|o|o|ofo]o
ofo|1]|o|ofofo]o

= X510~ f(s,1,0,0) 735 T RIBEEBZRET LW
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Innovative RED by NTT

[T
T FRIEH f(s,r,0,0) | KTX—=% ©
CP 7M# (Wr,Ys. Zo) W, Y,,2, € RY
DistMult [YYH*14] (Wr,¥sYo) WY, Y, € RY
RESCAL [NT13] yIW,y, Yoy, € R% W, € RYxd
HolE [NRP16] wl(ysxy,) WY, Y, € RY
ComplEx [TWR*16] Re((wr,Ys,¥o)) WYY, € CY
T mn, ¥Ys:¥Yo € Rm+2n
ANALOGY [LWY17] yIwmny

W:rm c R(m+2n)x(m+2n)

SE [BWCBLI]
TransE [BUGD'13]
TransH [WZFC14]
TransR [LLST15]

—[[Wr1ys— W2y, |11
—||(y5+wr) _yng

—[[(ys— w7l yw,) +2,— (yo— w; yow,)|[3

7HyEW,+ Zr— YEWA ‘%

Ye.Yo ERY, W, 1, W,, € R
WrYs Yo € R

Ys: Yo, Wr, Zr € R

Yo ¥o ERY, 2z, €R", W, RI*"

E-MRP [SCMN13]
ER-MRP [DGH*14]

NTN [SCMN13]

v?tanh(y;fW[,l“‘”]yo-&- z! [ :5

w] tanh(ZT [ Ys })
Yo
yS
vitanh(Z" | y, |)

Wy

o

Yo, ¥o € RY, w, € R", Z, € R2¥x"

WY, Y, € RY veR" ZeR3dxn

Yo Yo €RY v, b, € R"
Z e dexn WP"] c Rdxdxn

= WIE, BB ZB-1—JIxRv hRERAL



FHEHMDOEE

[ eana
s BEWERETIL: & xsr0 1 © D SEWNCIRIIC 4R

Vi [V [R|
P(X[©) = [T TTI1IBer(xsrolo(f(s,1,0:0)))

s=lo=1r=1

« YTEA KRB o(a) =

1+exp a)

* N)LX—A1 D10 Ber(X\P):{ 1ij ::ii(];

» OYZT 1 v 7 EREE: SGD 43 & TR

© = argmin{—logP(X|©)}
€]

= argmm{ Y xsrologo(f(s,r,0,0))

(s,r,0)

+(1 _Xs7r7o) Iog(l - G(f(sv r, O'@)))}




ae>7I29

» Closed world assumption

» FE LA Fact IZE6
» M7 27 DAREEENGWGE, BREKRE

» Open world assumption

» FEE LA Fact IERA
» T 27 DATZEENEWESR, BUWRIKE

» Local-closed world assumption
» (s,r,0) € EDIFH, Vec VICHUT, (sre) ¢E Z&H
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Innovative RED by NTT

» HiT 271312 TH S

Melinda Bill Microsoft
O~\7 spouseOf %(iirmanof *(f
livesIn?? livesin headquarteredin
Seattle

» f(Melinda, livesn,Seattle;®) IC &> TU > T FHl
» UL Fact DB

> fICH
» Entity/Relation DRIZE¥IE
» Entity/Relation DYV 2 X5 YV
» Entity/Relation D> F >




T 7 7WEDNRNYFI—7 4

» WN18, FB15k 7—%!
» WordNet & Freebase D—8RZ it [BWU14, BUGD'13]

» T 2 7HMTEY XD
» TART—=FD (s,r,0) [CXHFLT, (?,r,0) RV (s,1,7) &&
T®D Entity XU TETE
» FIIBIELL (Mean Reciprocal Rank)

where Q X7 TV DES, rank; [FIEEDIESL

Ffcld, TopON (rank; < N IC7R 2 E|E) T2

Ihttps://everest.hds.utc.fr/doku.php?id=en:transe
2Filtered EX7E: (e,r,0) € E &£72% e ZERWLWTEH (o ICX U THRER)


https://everest.hds.utc.fr/doku.php?id=en:transe

Innovative RED by NTT

» JFT T 7 &F?

» FFT 7109 2ERES
» BEAZEIR
» EANLGFRIEKETIL



RRICED  FRIEHOEFT

» (s,r,0) € EIcX¥LT

» FRIBEEL f(s,r,0,0) =ulQ,u,

> /\05)(_9 ©= {Qr}VreRU{U}

> Relation r DEEEE1THI X, Z 3018

IV

X,

Q

d

Q,




RESCAL E£F/L [NTK11] (1/2)

» Entity DES VI T B1T5): Y e RIVIXd

» Relation r [T 9 2EIFE AT W, € RI*d

V]

Q

V] X,

= BEAXEZDED

V]

d

—

d

Y

d

W,

d

V]

YT




RESCAL E£F/L [NTK11] (2/2)

» TV )& @ RIx R — RIxd

> WU X = [XO,X]_7X2], y= [}/07}’1a)/2]

X0 X1 X2
B Yo @
z = ve(x®y)
= [xoy0,X0y1. %02, n (=) ©)
X1Y0,X1Y1,X1Y2,
X20, X2Y1,X2Y2] (=) (=)
> PRI EHEE O(F) = SAREMFHEL

frescai(s,1,0) = ya Wy, = w; vec(y;®y,)

= o> EEEMEDODRWFHIBERIIRET TE N7




» M7 27 &7
» HET 271N EREE
» BEAEIR
» ERNRFRBEKETIL
» ENITINCIRE U 7o FRIBS



B35 & HABITINEE S o DR -

aaaaaaaaaaa

EF (RIEATIIDERNAL)

RIEATE Q e R BHAFTII W e R EERTTSI
0 cR™" (00T =0"0=1)%Z{E>T Q=0WO" &3 &
=, Q I FEXTIICL D NALTTRETH 2

n n n n




DistMult EFJL [YYH14]

V]

V] X,

d

» FRBEE: O(d) TEHERTRE

d

—

Q,

Q

d

d

d{or

V]

UT

d

OT

fpistnute(s,1,0) = uL OW,0"u, = yTW,y, = (w,y.,y,)

* w, = diag(W,) T W, ODIARASZNT UL




DistMult EFI)LDRIER ‘-

EIE (AR NLEE ([5EH 13] 25%))
EIEATH Q NERITIIC L DT ALTETH ZNE+HE
#iE Q AEMTIIDZETHS Q=Q",q;=q;)

> fpistmult(s; 1, 0) = fpistmui(0, 1, 5)
» XIHFRAR Relation: is_identical, is_married_to

» HFET T 7 ICIFFEXIFRIR Relation HIFTE
» 1 X¥Z D Relation: is_parent_of
» %% 1 O Relation: is_child_of

= FEX + SHEHRDORWFRBEKIIRETTE 5077




» M7 27 &7
» HET 2 7ICNT EREE
» EAEIE
» ERNRFRBEKRETIL
» SEFRMTINICERTE U = FRIBE %L
» RIERITINICRRE U o FRIEE %



KEB A & AEHE (1/2) ‘s

» KEIEMAH x: RIx RY — RY

X0 X1 X2

Yo Z=XxxYy

29

20 = XoYo + X1y2 +Xxoy1

Y1

2 z1 = Xoy1 +Xx1Y0 + Xo)2
' Z) = XpY2 +X1y1+ X2 Y0

z2
» 48

> Eﬁi&&'ﬂiﬁﬁﬁ’& Xky =Yy*X
» BET7—UIEBICED O(dlogd)

xxy =3 (F(x)OF(y))



HMEIEHAH EHEHERE (2/2) 4

» XK[OIMEEAEE « : RY x RY — R

X0 X1 X2
2y z Z2

Y0
Z=Xxxy

yi
g = XoYo + Xx1y1 + X2 )2

, Z1 = XoY2 +X1Y0 + Xoy1
Z2 = Xoy1+ X1y2 + X2 )0

» 4B

> HHEERIIEIF AT xxy # yxx
> BET7—UIEBICKD O(dlogd)

xxy =F 1 (F(x)0F(y))



HolE 5L [NRP16]

» THEMEBEICED < FRIFEHK
» ssoc V& dRITNY Ml y,,y, € RY
» re R & d RITTNT ML w, € R

fHO/E(Sa r, O) = W?(ys*yo)

» HolE EFILDF &

» 518 E O(dlogd), Relation r DY ~NJLRITE O(d)
» AR IERRE

> fHole(S, 1, 0) # fHoie(0, 1 5)

> X, ZIEXIRITIE U TREAEE




ERTHICDOWT -

EE&E (EFTH)

BREATI QeC™ A Q' Q=QQ" D=, Q ZIEAITI
EER. 2L, Q' =Q" FHRKRERE

» IERTTHIIDH:
» BRI QT =Q
» EXIITI (Skew-symmetric): QT = —Q (g = —q;1)
» T)LX— K1T5] (Hermitian): Q" =Q
» ETI)LI— MTHI (Skew-Hermitian): Q* = —Q

= EX (RNH) ELIRZ S




1= VU5 E BT EE S - DR 0

aaaaaaaaaaaa

TR (BREATINOI=FY KAL)

BRIEATTH Qe C™ AT WeC™ £1=45 Y175
0cC™ (00*=0°0=1) %fF>T Q=0WO* £ E[F 3=,
O F2=#VUTAIC L DIAILAIEETH S

n n n n
n\ Q n (0} n\ n{ o*

BREATI QL5 VT K D AERIRETH D E
TG Q NERTIIDHZETH S

TR (AR NVER (R 96 25%))




ComplEx €FJL [TWR'16] (1/3) 4.

R (RERTIOI=5 XA [TDW17))
EIFRTI Qe R LT, Q=Re(OWO*) &7 31=%
U175 0 € C9 EXATTHI W e CI NEFET B

» BEXADHEZZZ % BRBODIITIEFFRWIC<W

aj1+biii - argt+bigi

0O = : . : e qdxd
ag1+bgii - add+ bgqi
bi1 a1 - big aid

o = : - : : c R9x2d

ba1 ad1i -+ bdd add



» —B, E{7

E5IL [TWR*16] (2/3)

ai1+biai - 0
. . c (Cd><d
0 o+ apn+bnni
a1 —b171 ce 0 0
bii a1 - O 0
. . . . . e R2d><2d
0 0 ct0 ddd _bd,d
0 0 cee bd,d ad7d
FITHRIR

Re(OWO*) = O'W"0Q""



ComplEx €FJL [TWR'16] (3/3)

Innovative RED by NTT

T
V] d V]
~ d{ Q- d{ u’t
V] X, V]
d 2d 2d d
d{ Q| d{ o’
2d{ N\ W\ | 2d{|0'T
» FRIEIE: O(d) TEHERRE
fComp.(sarvo) = UEO,W/r/O/Tuo:y,sTW/r/y:)

= Re(ysTWrTO) = Re(<wra ysaTo>)



HolE & ComplEx Dl [HS17]

>

>

HolE iﬁi&%&%ﬁiﬁ?‘%ﬁmﬁ%

> 0= F(w), 3(ys): Vo =35(yo)
> W’F/*ﬁﬁffﬁﬁa@ﬁm

T HE R [EpiE2
fHoIE(Sar,O) = W, (YS*yO) ANFE ax aF(x)
LT ow) a1 O I
— ~o BHIA xky —  F(x)oOF(y
d r (V0 v) HEEE  xxy = FH)OI()
PR xy = 80030

HIRI N D s = #% T

froie(s,r,0) =

2
afComp.(sa r, O)



ANALOGY EFIL [LWY17] (1/2) o

INERR (RERTIIDER 7O Y I WAL [LWY17])

EIFHETY Q IFEXRTH 0 &7 0Oy VAT W ZE>T
OWOT £EW3. 2L, WODKATOvYIE (1) =¥, £

& (2) [Z ‘;’] EE3

> W%?ﬁ'ﬁu WZm e R(m+2n)><(m+2n): d=m+n
» mEDORKE nBD 2x2 7AVY

ai1 —big - 0 0 o - 0
b171 aii 0 0 0 0
0 0 -4 —b o --- 0

mn __ n,n n,n
Wi'=1 0 0 by am |0 - 0
0 0 0 0 cag - 0
0 0 0 0 0 - cm




ANALOGY EFIL [LWY17] (2/2)

V]

X,

d{Q,

-

Q

d

Q

m—|—2n{

m+2n

OT

» DistMult & ComplEx DIRFES

fanaLocy(s, r,0) = fpistmuie(s, 1, 0) + fcomp. (S, 1, 0)

m

g

2n




» MY 27 &7

» HEHT 271N EREE
» EARE
» 2R FRBEKETIL
» ENITINICIRE U 7o FRIES
» RIERITINICIRE U o FRIEE %
» XEH



FEH

TV | FERE  FENIRE RITE
RESCAL | O(&) 7 P
DistMult O(d) X d

HolE | O(dlogd) v d
ComplEx O(d) v 2d
ANALOGY |  0(d) v m+2n(d=m+n)

» BEEECEE =21 —F LRy MMcED S FRIEHK

> BARER BB [BH 15] ADOADPT L



AE: BRFFIORA—EILDOWVT

EIE (B [LWY17] &£ D)

EERITIDES Q1, Qa,... HIAIHEK
QiR = Q;Q; Vij
ZHHRT5EE, HBOBREEZHEE URITNIXRSERL

>Vl eRICHUT, Q,Qr BAHEERZHHZEEZ T
Bc®, MALDRICHBOER (=45 V) 1751 0B
E



()

WN18 LT Filtered SREIC K 2BEER

0.9

0.

=]

0.

3

0.

o

0.

al

0.4

Innovative RED by NTT

MRR o
Hitsat3 ——

| | | Hitsat 5 s

ANALOGY  ComplEx HolE DistMult RESCAL TransE

= T—YDEVHE, NM/IK—IFTA-FDHE, ¥
RE(LEEDRREVWTHH S I EITER [KBKL7)

%S_I



» FFET 27 &7
» JFT T 7ICNT BHEREE

» HEAREIR
EANGERTATTIL
SRITIICERTE U 7o T RIBE %
RIERITIICERTE U 7o FRIBEEL
E )

v

v Vv Vv

> IGF



HEEmAR A DI [YYHT14]

> HEFRARA
bornInCity(a, b) A cityOfCountry(b, c¢) = nationality(a, c)
» FTU N Fact DERK
> J#Y 57 DAY NRIEH
> BERHERY AT L

» RS kK OFAIZHE (EBRTIE k=2,3 ICRE)
» Relation r IEX¥ U, X, & ), % Subject, Object IEEDES
fA%A Relation £5& S = {s: XN X, £ 0}
» #&Uf Relation &8 O = {t: V:NY, # 0}
» S & O DSHBER Relation path r,...,r, =52
> Yo W, my, R y[W,, =y D5 y; W, W, =y,
dist(W,,W,, ...W,,)

TRIEZ X 2 #EmAR A = i

v



ISR T HEWNIE [GML15] (1/2)

» KRV T [q] =:s/n/r/.../rm
Oﬁ played *)C} characterin @7 genre *}O

Leonar d Nimoy

» BOKR: BENLER
HIHRE [s] =: {s}
BIRBE [q/r] =: {0:3s€ [q],(s,r,0) € E}

» RV VRREETIL: RTKMNIVICKBERER
N7 NIVIIERME [s]y=:es
N7 NVEBBE [q/1v=:T[qd]V)
N2 N LEHERIE g, 0) = M([d]v. [o]v)

=T & M IBEABZEK?



KR TYHEIE [GML15] (2/2) -~

» DistMult or RESCAL €T/
B T/ (x) =xTW,
SHMEAEL M(x,y) =xTy
IRZT T ) FRIBE A(s/ri/r2/ ... /rk0) =yiW,, ...W, y,

» TransE ET /L
BBEK T(x) =x+w,
TR M (x,y) = —||x —y||
JINZ U T FRIEEE
fls/ri/r2/ ... /rk,0) = —[lys+Wr 4+ +wp —y,||



A—=T72 R XA VERILE [BWU14]

>

>

BR/N\Y > & Fact hSERIXZAER

g: what are afraid of cats?
t: (rats, afraidOf, cats)

KB Fact ~ ER/X¥> | KBFact BRI YY

(?,r,0) who ro? (?,r,0) what is o's r ?
(?,r,0) what r o ? (s,r,?) who is r by s 7
(s,r,7) who does s r? | (s,r-in,?) when did sr?

BIX & Fact ZIEMITE LS ICEE
flg,t) = (WTq)T (V')

qc{0,1}™, tc{0,1}™: g & t D 2 ERMEXRT ML
W e Rm>d V¢ R2x9: 1B 8HAH(TF




» T 27 &k
» M7 2 7Icdd 2EREE

» HAEIE
BEXRAWLZRERTRHETIL
EXFIRITIICRE U 7= FRIE %
KIERITIICERE U 7o T RIBIE
F&EH

v

vy v VY

Y;:
» SEOEE



S DERE 4

» RYFV—VDREEUPALT—5 D5
» EFILORIBH, INSA—=5# BHEICAELEDER%E
O FIT < W

» BT TV RENIRER & DIFE
» RESCAL + BIfRT—F RX—2X [KNT14]
» ComplEx + —BEREEHIE (Deep Prolog) [Rocl7]
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[BEP*08]

[Bis06]

[BUGD*13]

Kurt Bollacker, Colin Evans, Praveen Paritosh, Tim
Sturge, and Jamie Taylor. Freebase: a collaboratively
created graph database for structuring human
knowledge. In Proceedings of the 2008 ACM
SIGMOD, pp. 1247-1250. AcM, 2008.

Christopher M. Bishop. Pattern Recognition and
Machine Learning. Springer, 2006.

Antoine Bordes, Nicolas Usunier, Alberto
Garcia-Duran, Jason Weston, and Oksana Yakhnenko.
Translating embeddings for modeling multi-relational
data. In NIPS, pp. 2787-2795, 2013.
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[BWCB11] Antoine Bordes, Jason Weston, Ronan Collobert, and
Yoshua Bengio. Learning structured embeddings of
knowledge bases. In Proceedings of the 25th AAAI,
2011.

[BWU14] Antoine Bordes, Jason Weston, and Nicolas Usunier.
Open question answering with weakly supervised

embedding models. In Proceedings of
ECML-PKDD'14, pp. 165-180, 2014.

[DGH*14] Xin Dong, Evgeniy Gabrilovich, Geremy Heitz, Wilko
Horn, Ni Lao, Kevin Murphy, Thomas Strohmann,
Shaohua Sun, and Wei Zhang. Knowledge vault: A
web-scale approach to probabilistic knowledge fusion.
In Proceedings of the 20th ACM SIGKDD, pp.
601-610, 2014.
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[Fel9s]

[GML15]

[HS17]

[KBK17]

Christiane Fellbaum, editor. WordNet: An Electronic
Lexical Database. Language, Speech, and
Communication. MIT Press, Cambridge, MA, 1998.

Kelvin Guu, John Miller, and Percy Liang. Traversing
knowledge graphs in vector space. In Proceedings of
the 2015 EMNLP, pp. 318-327, 2015.

Katsuhiko Hayashi and Masashi Shimbo. On the
equivalence of holographic and complex embeddings
for link prediction. arXiv preprint arXiv:1702.05563,
2017.

Rudolf Kadlec, Ondrej Bajgar, and Jan Kleindienst.
Knowledge base completion: Baselines strike back.
arXiv preprint arXiv:1705.10744, 2017.
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[KNT14]

[LLST15]

[LSST11]

Denis KrompaB, Maximilian Nickel, and Volker Tresp.
Querying factorized probabilistic triple databases. In
International Semantic Web Conference, pp. 114-129.
Springer, 2014.

Yankai Lin, Zhiyuan Liu, Maosong Sun, Yang Liu,
and Xuan Zhu. Learning entity and relation
embeddings for knowledge graph completion. In
Proceedings of the 29th AAAI, pp. 2181-2187, 2015.

Hady W. Lauw, Ralf Schenkel, Fabian Suchanek,
Martin Theobald, and Gerhard Weikum. Semantic
knowledge bases from web sources.
http://ijcai-11.iiia.csic.es/files/
proceedings/IJCAI-T5.pdf, 2011.


http://ijcai-11.iiia.csic.es/files/proceedings/IJCAI-T5.pdf
http://ijcai-11.iiia.csic.es/files/proceedings/IJCAI-T5.pdf

[LWY17] Hanxiao Liu, Yuexin Wu, and Yiming Yang.
Analogical inference for multi-relational embeddings.
arXiv preprint arXiv:1705.02426, 2017.

[NMTG16] Maximilian Nickel, Kevin Murphy, Volker Tresp, and
Evgeniy Gabrilovich. A review of relational machine
learning for knowledge graphs. Proceedings of the
IEEE, Vol. 104, No. 1, pp. 11-33, 2016.

[NP10] Roberto Navigli and Simone Paolo Ponzetto.
Babelnet: Building a very large multilingual semantic
network. In Proceedings of the 48th ACL, pp.
216-225. Association for Computational Linguistics,
2010.
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[NRP16] Maximilian Nickel, Lorenzo Rosasco, and Tomaso

[NT13]

[NTK11]

Poggio. Holographic embeddings of knowledge
graphs. In Proceedings of the 30th AAAI, pp.
1955-1961, 2016.

Maximilian Nickel and Volker Tresp. Logistic tensor
factorization for multi-relational data. arXiv preprint
arXiv:1306.2084, 2013.

Maximilian Nickel, Volker Tresp, and Hans-Peter
Kriegel. A three-way model for collective learning on
multi-relational data. In Proceedings of the 28th
ICML, pp. 809-816, 2011.
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[PTVS+16]

[Rocl7]

[SCMN13]

Thomas Pellissier Tanon, Denny Vrandeci¢, Sebastian
Schaffert, Thomas Steiner, and Lydia Pintscher.
From freebase to wikidata: The great migration. In
Proceedings of the 25th WWW/, pp. 1419-1428, 2016.

Tim Rocktaschel. Deep prolog: End-to-end
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