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[Fader et al. KDD 2014]

¢ @%gg;@ﬁ;l\@@ Paraphrase
® 1E|IU\]:$HXI *HHER::HE_E;‘EEJTBZE 5 million mined operators
® 4R XL RS = oA RS R Parso

Question
How can you tell if
you have the flu?

Question J

\\ hat are signs of the flu?

L0 high-precision templates

Query J

Rewrite x: (7x, sign of, the flu)
 Eask (FONREEE) . (

o
i
e

o
i
<
N

74 million mined operators
Query
7x: (the flu,

. (AR ( [RIR)BRGTRISESCES ) Execute |
Sy mptomb ’x
IR (BEEARREIERR ) 1 R Open I

Probase, and NELL
A
 TER , EIEA)ER chills:

(the flu, symptoms
include, chills)
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@ [Severyn et al, SIGIR2012]

® NOFIEEFRTNAENIF e | 1o ||REL|
® ETMhzZERENTENEIAIITEREE #m

TE(TLT) = 3 > Alm,m -m-mn--mnmm

nie NTI ng €N Ty

REL

REL

VBZ

REL REL REL
JJ

=]

WDTIVBZINNICCI‘RB| INNSH
N v v

e ——
- ‘ﬂ‘ ~ Umappeine. J1T T 7
|

.—-—.k‘r:ﬁ: ,[ LD type annotator ]l train/test |
Wiki ped|a link :> data
annotator ¥

® %Uﬁﬁ%ﬂ%ﬂzﬂl AEQLEDHT :[SY"‘“SS;:‘;M""C]E
R LI ) ()

| ¢ - similarity features
Question classifier.

® ERR A R EIFF AR S =
Perh BT I = T :TT'

Pair repository
Query Search engine answers

[Tymoshenko et al, CIKM 2015]
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ETRERXERNENESR | RERIE

[Berant el al. EMNLP 2014]

=SSR
® MIAAIHENEEEL. “... Water is split, providing a source of elec-

HE R EeANINESY , BR trons and protons (hydrogen ions, H") and giv-
ing off Oz as a by-product. Light absorbed by

A L
23 4

SHHTRT ,
chlorophyll drives a transfer of the electrons

® Nala KRR and hydrogen ions from water to an acceptor
= /— S ~ -+ °
, ERRBNAIFE R ET called NADP™ ...

. . Q What can the splitting of water lead to?
® EEIREATRES L
Bl |, IERRER

a Light absorption

b Transfer of ions

BRI TIREIERE

i}

16



Ea:%ﬁigy Egigyﬁg al. EMNLP 2014]
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. ... Water is split, providing a source of elec- :

: . : : THEME THEME ]

: trons and protons (hydrogen ions, H") and : . | water < split ) (C absorb ) > light
: giving off O as a by-product. Light ab- : :

: : — Step 1 >

: sorbed by chlorophyll drives a transfer of : .

: ; 10ns

 the electrons and hydrogen ions from water THEME

! to an acceptor called NADP+ ...”

Step 3: Answer =b

Q What can the splitting of water lead to?
a Light absorption :

7 Y THEME T\ (Cause|ENaBLE) T THEME [— ;
Lob Tterotions | e i) ~Cabsor )-++">{Tigh
\ / THEME \(CAUSE|ENaBLE) THEME :
Step 2 . | water [ @ ;@ ........... > ions
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* Subjects and objects are represented by vectors in R%: {E kke[1.n,]

FIERelE, 123

7INHe

1% 25 1pR

* Relations are represented by operator between vectors: {Ry }xe[1.n,]

* The learning depending on the similarities of triplets: sim(sub, rel, obj),

it is parameterized by E, R

Subject(Argl) | Relation(Prope | Object(Ar
rty) g2)
Politician subClassOf Person
Hillary type Politician
Clinton
Hillary spouse Bill
Clinton Clinton
Hillary birth place Chicago
Clinton
Hillary height 1.69m
Clinton
birth place domain Person
birth place range Location

7-th entity

i-th
entity

k-th ‘]
relation

w0

21

symbol VS vector (matrix)
R

entity j-th
b entity
Q

N
~

.
/”’

L

o]

k-th
relation

e

Y

EW,E

ESCAL (Nickle, Tresp, and Kriegel 2011)



BT CNNBEIESREIB X ENT s sz

® {5 FHALNIE Rl IR AU SEVNEIAFI R R BRI B o
® X5 FSLiAEIA |, ERACNNZEIESBirARERLARIIILES
® ST R&FfmA , FAACNNEIES BIrAIREFRFEAIILES
— When were DVD players invented
» Question = Relation Pattern” Entity Mention
» Relation Pattern = when were X invented (be-invent-in)
» Entity Mention - dvd players (dvd-player)

Semantic layer: y 500 0
\

Semantic projection matrix: W;

1 ; Indices of #-c-a, c-a-1, a-t-# in the
Max pooling layer: v 500 . i letter-tri-gram list, respectively.
f(cat) =|1
L i N ;
Lo

- i N O W ‘
Max pooling operation (max max (max )

Convolutional layer: s e, s ] XTSRRI AR NHE
Convolution matrix: W, /\ ﬁﬁgdiﬁgg , ;ﬁﬁ%}ﬁ;{j:*u
Word hashing layer: f; | I/D\K | { l/:\K || 1/3\K | I’SFK | ITK | %/Z%Z[Ej H/.\JH%/Z%

Word hashing matrix: Wy ’ ’

Word sequence: x, <s> w; w; wr
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[Borders et al. EMNLP 2014]

® Zi\EAE
— e ERFI TSR
- [AEFRAEFERTINES
- BER RN NEEAREE YN FERR
- BeIFRRER—=ES , I[P ANahESHIRESSLR

Who did Clooney m:
Su bg raph of a candidate
ra (here K. Preston) \

Detection of Freebase
entity in the question

MIKZHYILHEC
Sare 43 RS
= ] | - EanFETERET
P V) e e 51457 - _
@ Embedding matrix W »? Inj@ ' f(q) - ZWECI veC(W)
s cotimm > FE 900 = N vec()
== T - i ERREE FERTHIS
Quesjonq ney marry in 19872" "- | ”m ' ‘-«‘»\_mmm . ! » S(q, a) = f(q)T ) g(a)

» @' = Daeacq) (@ @)
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%C N Ngﬂﬁrﬂ@%j_? [Dong et al. ACL 2015]

® 1z EAE
— EFECNNEREDEY MCCNN
- ERASENAR L TXEER £HICNN
» ERSCR-ERRE

2R ST
» é%x;—}é l’ Score-l\

» BERBMH f when did Avatar release in UK? (2009-12-17)

+ +
Score Layer
Dot Product * _
— 0000
V\ ‘,-' L value_type .

film film_regionzl_release

_daterelease_date

- release_date_s .
type.object.type

vt v ‘
“_ film.film_regional_relezze _"
X . _datefilm_releaze_region film.film_region >
ﬁlm.ﬁlm.dnr@ . [ 3
v film.film relgase [ United Kingdom i

_dates "+l moO7sx *®

Max-Pooling Layer g — Q000
ple CO\U‘H‘“
[

— Nt

[

/ James Cameron
/ m.03_gd

/ e -
. 1 7 7 ST 7 ' / i film_film_region
Convolutional Layer | £ < i - y / type.object.tvp:\ 'wJeG'wpe
(7 N N .’_ type.object.type film.film_regional_releasz
Shared Word OOT 9 ©00 000 (000 \O—T—‘OO \O?Oj (O?oj (O?OD @ film.film_regional_release _d:;r:fe:::_-d;:a :

_date film_releaze_region

. elelele)
—HO0O0O
—HOCO0O
0000
0000

Representations

<| i i <& film.producer -
L>  when did Avatar release in UK R> United States 2009-12-18
of America value_type

. TG
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Eﬂéﬂgﬁif [Yih et al, ACL 2015 SR{EEIRA]

® %*EEE:{T?Eﬁﬁif ,B[a)a)EEHR  “Who first voiced Meg on Family Guy?”
” Meg Griffin
o TELIETIEE | LAY @, )

/‘o,b

_ EAERNEILREMREE o
IR ARETREE @

RRFEIRILE G
® é;éﬁﬁﬁﬁcﬁ% H& EE‘_UEE_&.?FX&% Constraints & Aggregations

“‘1 (I“J"f{ c

( — oo™ .

Family Guy castﬂactor*@ : f
Family Guy :

| Method [Prec. [Rec. | Fy | @ casth{ : >/— or— : )

:................-...,I -S] (Berlnle( l] 701’) 480 41 : 257

S ’@
.......... ] ( (Bordes et al., 2014b) - - 297 \\a"“‘(
'So & L N——— (Yao and Van Durme, 2014) | - - 133.0 %;77 —»@
..................... (Berant and Liang, 2014) | 40.5 | 46.6 | 39.9
%5 (Baoetal., 2014) - - 1375
........ M - (Bordes et al., 2014a) - -[ 39.2
..................... (Yang et al., 2014) - - 41.3
(Wang et al., 2014) - - 1453
Our approach — STAGG 52.8 | 60.7 | 52.5




N

® RERIEPRIANRZR
- FFS&RE
- St
o LR
— RIRFREY
— [A)EE M AR
— HEEAN=S]
® FIRRLS
- XA, HERIRESHIREE
® R

27



RERA

KRR M FE

_____________________________________________________________________________________________

=

ISR A
 SEURRRIRHES i
(RAEN R
v S{HHEX

S 9AE S IR RIS
VEEDHT VBN DT




{S/2 HHEY

v LRRE
v XFRIRE
v SLiRGE
v EHRE




SLURSRZR AN
* N [Zeng et al, COLING 2014 Best Paper Award]

[Zeng et al, EMNLP2015]

O (15 . AT FRLIEZIEHNEN KR

S: 20134F4 H 20 H 8024 P4 ) 1145 22 117 RETT.0

= (el,e2)
O ENKARDE
Il 2
< >| b >|:> = (el,e2) ;/

X HEERPE IR

BREHEVERET —
EBCR MR KR

%MEﬁiﬁiﬁﬁEﬁﬁ%E@%jﬁ
S R R S: 20134F4 1 20 H K024 1Y 1145 ik 2 117 BHETT.0R
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MER - HENELINERE MR RSN FRHIER

A

® (EHMSIHEINEENLPHRME+ A T HIHE
20134F4 20 H 8150243 U 1145 k22 1 RETT.0%
= (el,e2)
AL - | BT 2 RSN
WOl‘dS . /E-L[/gmﬂ, fmf:%gb]/ ﬁEbZ/ ri—Zl
Entity Type : Noun,,, Location,, MV-RNN for Relationship Classification
Parse Tree . Location-VP-PP-Noun " [Cosfervessgerope] \

Kernel Feature:

Q——__igo;)
g = f
=P < VP PR - VP *,
-~ AN r~ RN @‘Fo{'@ @
— < v the [
. 0

(eXo) .
(b\u’ﬂzﬁtk ]| [NP2-PER ]) mOV|e] showed iwars]
\_ NNP NP ;

T
John and Mary got married John and Mary got married

- AR : JITFERONLPRME T BRANSEIRANES | FTiEREBIAHIE
« [BJ@A2 : NLPAMET B5IANR “EiR R
- [@#3 . ALRITHRHIEA—EEE3mES
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Y
0 (0 0 @@ @ @
JEitWord EmbeddingsiSiE@Filis ~ _ "¢ 8/ 6 o o o o e
V) = — Representaton | ®| | ®| ®| ® ® ©®| ©
W& o/ (0) o o 0 0 @
3 :
: ,,_ : T N
l;\f%s?tl Level Features: SLAARBHNE EFizt;fsn lexical level | sentence
1 xrach . feal . level feat
Sentence Level Features: @1iZCNN \ e S ).
R LRISHE S TR BRI STASHIE ‘
(00000000000000)
¢ W B
Output (000000000
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Classifier| Feature Sets Fl1
SVM POS, stemming, syntactic . 60. ]‘/‘
patterns Te--T
+ WordNet 74.8
+ TextRunner, FrameNet.... 82.2
MVRNN | - 79.1
Ours - (" 80.6

‘——’

_ mEEaFl_

state-of-the-art

INEBTALS

42

INEETARIES

+E AR

POS, Prefixes, Levin classed 82.2
morphological, WordNet, FrameNet,

dependency parse, NomLex-Plus,
TextRunner, ProBank, Google n-gram

EFX 80.6
T +WordNet (827

SemEval-2010 Task 8 =X HIEE
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- Frgebase : 40002 5sLiR , ERA M EBMRR | 24221 F3L=
yavAz]
- Dlzpeida : 4002 55LiK , 48,293FBMHXE , 10{2/1ME8L=
JoH
— NELL : 519/5sC{K , 306Fh(ZE , S{Zm%=7tA
— Knowledge Vault: 450053L(K , 4469Fh%R , 2.7{2=7t4H

O N\ THREIGEARTTTT , BRI KTIESEL
SR SR AEMETIA
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— Steve Jobs was the co-founder and CEO of Apple and formerly

Pixar.

— Steve Jobs passed away the day before Apple unveiled iPhone

4S in late 2011.

— The history of Microsoft began on April 4, 1975, when it was

founded by Bill Gates and Paul Allen in Albuquerque.

»+ Instance ]

bag < instance2

4 instancen
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unknown
process
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L0 (1)

® Word2veci)||%4£%;

5 0 3 50 0 5 le-4 5 0

B 250
s : PR 2R
IR AR T n =230 i
& R4 d, =5
18] [A] £ 4E 3K dy =50
Mini-batch X /]y by = 50
AdadeltaZ £ p=095¢=1e"®

Dropout#f p =05



® Held outsCIE4EER

1.0
| - Mintz
11 ——— MultiR
. 1 - MIML
.. —— PCNNs+MIL
3 61
=
B
\M\\_‘\-
4 4 \\—\
2 T
0.0 | 2 3



L@ (2)

® ATTHNSCIRER
Top 100 0.77 0.83 0.85 0.86
Top 200 0.71 0.74 0.75 0.80
Top 500 0.55 0.59 0.61 0.69

Average 0.676 0.720 0.737 0.783



L0 (3)

® SEEAHMUHZSTHIEIRIRR

—— PCNNs+MIL
PCNNs
CNNs+MIL

— CNNs
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0.0 A 2 3
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ag\k‘ _‘_‘j@ EG'IEM%W[He et al, EMNLP 2014]

¢ FERESNORRASHELERED (MSPARQLIEST )

rh
RIT—RXXTARETA AU LR AEEWAIER? 2

[FH]

T AH -
WNHE 5

|
|
| oF w 7 A& 2 7 5 ? | I
| |
I Root dCont | 1
| Feat oss wﬂﬁmc 1 I )
0 Feat -mPre I
1 / 'Quan / ’p Feat \/ Exp \ U3 wﬂu'v \/ Exp \/ / 'Elmv}\' \ 1 1 ﬁﬁEi
ket 8 - 7 A A E 45 A M & ¥E % & ¥ ER 1! Earthquake
I e e e e e e e e e e e e e e e e = 1!
|
|
|
|
|
|

7a)1|
%’ﬂiﬂl
i& | seLecT pisTINGT 2 ﬁﬁftﬂ;lz B : %\gk’ﬁﬂ
e m FEER
X ?y FIBER ?2x; %y WA %p; :: th[EF 102k ]‘

ﬁg 2y B8] ?t; argmin (?t—now) ; EAA
max (?t—now, 0); max(?p, +7A); I =25
i | :
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BRES RIS E IR RIS

& EALR

RIT— XA ARAE A A ERINE &4 A A ESK?

IRV

RIFARET :

EVAA:

A

= SET- N KA

EES

dbo: 1 /7 A\

dbr:ZET- A%

dbo:Earthquake

dbr: g Hh X

dbo:Country

?y, dbr: b1 A2, dbo: /7 AD

?y, dbr:frjE#hX, dbo:?x>

?y, dbr:lsa, dbo:HijE>

?x, dbr:lsa, dbo:[EZF>

SELECT DISTINCT ? X
WHERE {
?y FTEBEZR 7x; %y
72y BJE ?t; argmin

max (?t—now, 0); max(?p, +7A);

}

TN 7p;

(?t-now) ;




&5 aI% - NSRRI EIRTG A

Category
- Words )
o %xﬁgﬂi Syntax : Semantics
Texas NP : texas
borders (S\NP)/NP : Ax. Ay. borders (y, x)
Kansas NP : kansas
PR Kansas city NP : kansas
® BRI

X/Y:f Y:g = X:f(g) (>)
Y:g X\Y:f = X:f(g) (<)

X/)Y:f Y/Z:9g=X/Z: ) x.f(g(x)) (>B)
Y\Z:9g X\Y:f=X\Z:)z.f(g(z)) (<B)

New York borders Vermont what states border texas
NP (S\NP)/NP NP S/(SINP) _ SINP/(S|NP) S\NP/NP NP
ny Az Ay.next_to(y, x) vt AfAaz.f(z) AfAz.state(z)Af(x) )\y)\r.n,e:z.'t_to(l‘,;yg tex
J S|1\rP/JVP
(S\NP) . . VA o
\y.next_to(y, vt) AyAz.state(z) A next_to(z,y) N
< S|NP
¢4 5& t) Az.state(z) A next_to(z,tex)
next_to(ny, vt
v 45 S -

Az.state(x) A next_to(zx,tex)
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o iTE%

— ST ? BET-AZL ?
® L iRRREY
- > TS
— WE>SEHEEF
- WE>AR
® EVAHEF
?y, dbr:lsa, dbo:HiE> ?X, dbr:lsa, dbo:[E x>

K2y, dbrilsa, dbo:if>] [ 2%, dbr:lsa, dbo:[H%> |
?x, dbr:lsa, dbo:HiE> ?y, dbr:lsa, dbo:[EZ>

+ {&5iPipelinetkg , BEBRE— S L iEHR
o« FRE  EERE 2%'51453_
- ERULFBSER EREEmETIREE




BT E/RRIREEMEERIER S

® HTO/RRIKIBIEMAENESES S
- S PSS —HHBEAT
- FIFD/RRRBIERLE S D S TAES AR E RN

KEER
=1 o | AN
E'z.ll:ut)JD hasPhrase(i) The ith candidate phrase has been chosen
’ﬁi}ﬁﬂ%ﬁj hasResource(i, j) The ith phrase is mapped to the jth semantic item
‘F=\Y 45 . .. The semantic item ri and rj can be grouped
= M‘H = BT i) Th 73, together with the relation type rr

p<y>=%exp< Y w Y )

(@w)el e




ZAE R

sfl | priorMatchScore(p,r,s) = hasPhrase(p)

sf2 | priorMatchScore(p,r,s) = hasResource(p)

‘f% phv'n Se PncTng(p ‘T)f—L—\ A 'I'PQ{)II'I'(‘PT'Z’I:DP(T' lf—l—\ = hﬂQRPQn?I’I‘(‘P(:ﬂ 'l‘\

sf4 | phraseDepTag(pl, p2,dp+) A hasResource(pl,r1) A hasResource(p2,12) = hasRelation(rl,r2,rr+)

sf5 | phrasaQepTag(pl, p2, dp-+-) A hasResource(pl,rl) A hasResource(p2,r2)AlhasMeanWord(pl, p2) =>
hasRel 1,72, r74)

sfb ph1aseU\ \Qﬁ}ﬂ— A hasResource(pl,rl) A hasResource(p2,72) A phraseDepOne(pl,p2) =>
hasRelata

sf7 | hasRel ate \Resomce( rl) A hasResource(_,172) = hasRelation(r1,712,_)

5f8 haeQuelyRe\ \Qk: hasRelation(rl,r2,rrl) A hasRelation(r2,r3,172)

\ N
F1Epl %%Zinp2ZI‘Eﬂﬁ7£dpE’J/jY£9‘§%, FE1Ep BRG AEEHrl, HHiEp2
L N B2, W) EAREFH, rI M2 Z AR HE R &R

FFBMarkov Networki&fiZiR% 4\1{%5’9;@\%&7—2;3_5/];—?_—‘,
fE2RT , BRI T Z M MNEE BRI TR SR

- FlJFAMarkov Network EY=S] | %’iﬁ%?%)”umﬂmlaél@ﬁ




j— A3
® EfRAIEFRATENQALD
Test set System #T | #Q | #A P R Fl
—_— CASIA (He et al, | 99 | 52 [ 29 | 0.56 | 0.3 | 0.38
. 2013)
Scalewelis (Joris | 99 | 70 | 32 | 0.46 | 0.32 | 0.38
e ———————— QALD-3 | 41d Ferré, 2013)
\ “ESTI““ “SWEHI“G 0"En lI“KEn n‘m RTV (Cristina et | 99 | 55 | 30 | 0.55 | 0.3 | 0.39
Intui2 (Corina, | 99 | 99 | 28 | 028 | 28 | 0.28
VIIIIIIIIII( 77 / 2013)
s SWIP (Pradeletal., | 99 | 21 [ 15 [ 0.71 | 0.15 | 0.25
7()13)
Ours 99 | 75 | 45 0.6 | 046 | 0.52
SANSWET JU e 10 U.04 U.52 U.45
Intui3 50 | 33 | 10 | 030 | 0.2 | 0.24
QALD-4% [ ISOFT 5050 10 020202
RO FI1 50 | 50 6 01210121012
Ours 50 (26| 15]058( 03 0.4

QALD3, QALD4
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[He et al, CIKM 2015]

® TR SHIAHEME
— SEK : RIZRIA/IN (A vs B5)
- K& - fERIEIRES (BolS vs ERE)

BT B EN T -
® BRI ATS
- ERRETZSHONEEY) ) aw

- SRR R SNSRI CREY) vationalty |

Bl" \ //,"'/ v‘ f (}{ \\\.‘l
) . E/ Chlcago
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® SLRAHENE

B N A e

® REAENHENE
- REMER

2N AEHEN

i/ )\

entity—covariance

TP

——Entire
=T ——Head
st ——Tai

3 =

8 -

—1eo]-

Relaion #Triplet | #Head | #Tail | Type | (log)det | trace
nationality 4198 3755 100 m-1 -4.77 67.90
place_lived 3740 2441 784 m-n -23.02 53.24

rofession 11636 4145 152 m-n -57.45 23.10

gender 3721 3721 2 m-1 -59.53 21.35

place_of_birth 2468 2468 685 m-1 -63.42 19.41
ethnicity 2030 1610 78 m-1 -69.95 15.00
major 260 217 60 m-1 -69.59 14.62

sibling 131 111 113 1-1 -72.98 14.29

religion 1086 963 45 m-1 -75.07 12.98

spouse 427 395 385 1-1 -17.77 12.24

children 77 69 71 1-1 -76.94 12.14

parents 83 74 76 1-1 -77.20 12.03
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F5iR2 : BT oSIRETFERERIANETTIE vietal, act 2015

® LH5TiA | SERECR RIS EIRRYERSLKR | ToARTANR
INEZESES

® FAINTTIE | BN EPRISHAFIR RS ISIRGTAERE | 3R
TANRAIZ 1%

TransD: FEMHR “—XfZ2. X —. X277 KPR A

(BER, LT, BEH)

e M, =rh_+I"™
/ 1A -\\ " pip ; h r . M M
: h. ™ : | LA =—sat N ! ?
tha @ N M =rt +1 \h,ar e LT
5\ -‘\‘ . ‘.“ 21 . —— ~l:_'_l t-\ “.\ ':‘E/:F‘ijj + ) |-‘¥ Eé
h ‘v ) t I'\ ‘\ h - “'l
ro ; (i=1,2,3) A ,
_Vt, / Li} 2w + L7 = BRmlT
L3 - ' )

Entity Space Relauou Space (BER, LT, BEIO
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® FWN18FIFB15k L5016

Data sets WNI18 FB15K
Metric Mean Rank Hits@10 Mean Rank Hits@10

Raw Filt Raw Filt | Raw Filt | Raw Filt

Unstructured (Bordes et al. 2012) 315 304 35.3 382 | 1,074 979 4.5 6.3

RESCAL (Nickel, Tresp, and Kriegel 2011) | 1,180 1,163 | 37.2 52.8 828 683 | 284 44.1

SE (Bordes et al. 2011) 1,011 985 68.5 80.5 273 162 | 28.8 39.8

SME (linear) (Bordes et al.2012) 545 533 65.1 74.1 274 154 | 30.7 40.8

SME (Bilinear) (Bordes et al. 2012) 526 509 547 61.3 284 158 | 31.3 413

LFM (Jenatton et al. 2012) 469 456 71.4 81.6 283 164 | 26.0 33.1

TransE (Bordes et al. 2013) 263 251 75.4 892 243 125 | 349 47.1

TransH (unif) (Wang et al. 2014) 318 303 75.4 86.7 211 84 42,5 58.5

TransH (bern) (Wang et al. 2014) 401 388 73.0 823 212 87 457 644

TransR (unif) (Lin et al. 2015) 232 219 783 91.7 226 78 43.8 65.5

TransR (bern) (Lin et al. 2015) 238 225 79.8 92.0 198 77 48.2 68.7

CTransR (unif) (Lin et al. 2015) 243 230 789 923 233 82 44.0 66.3

CTransRtherm-Hen-etal2005 234 24 o923 09 75 e d— 702

TransD (unif) 242 229 79.2 925 | 211 67 | 49.4 742

TransD (bern) 224 212 79.6 922 194 91 534 773

— 1 “H/4— N J
® FB15k ERIEAEIBIERIRZHI TN
Tasks Prediction Head (Hits@10) Prediction Tail (Hits@10)
Relation Category 1-to-1  1-to-N  N-to-1 N-to-N | 1-to-1 1-to-N  N-to-1 N-to-N
Unstructured (Bordes et al. 2012) 34.5 2.5 6.1 6.6 34.3 4.2 1.9 6.6
SE (Bordes et al. 2011) 35.6 62.6 17.2 375 34.9 14.6 68.3 41.3

SME (linear) (Bordes et al.2012) 35.1 53.7 19.0 40.3 32.7 14.9 61.6 43.3
SME (Bilinear) (Bordes et al. 2012) 30.9 69.6 19.9 38.6 28.2 13.1 76.0 41.8
TransE (Bordes et al. 2013) 437 65.7 18.2 472 437 19.7 66.7 50.0
TransH (unif) (Wang et al. 2014) 66.7 81.7 30.2 574 63.7 30.1 83.2 60.8
TransH (bern) (Wang et al. 2014) 66.8 87.6 28.7 64.5 65.5 39.8 83.3 67.2
TransR (unif) (Lin et al. 2015) 76.9 77.9 38.1 66.9 76.2 38.4 76.2 69.1
TransR (bern) (Lin et al. 2015) 78.8 89.2 34.1 69.2 79.2 37.4 90.4 72.1
CTransR (unif) (Lin et al. 2015) 78.6 77.8 36.4 68.0 77.4 37.8 78.0 70.3
CTransR (bern) (Lin et al. 2015) 81.5 89.0 34.7 71.2 80.8 38.6 90.1 73.8

TransD (unif) 80.7 85.8 47.1 75.6 80.0 54.5 80.7 77.9
TransD (bern) 86.1 95.5 39.8 78.5 85.4 50.6 94.4 81.2
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ZIEHEEMNIZS): FFSRIGE

¢ EBIAIT RREBENHEINERFIERFOR IR N
[Schoenmackers et al, EMNLP 2010]
— TRBIHAERMEERYZEBIFIX £ BRI LA (SLARSTHIFRER)
- RIMSHERR (KAL)
- RS R S R AR A R R mE R
SX&R) Contains(ingredient, chemical);
® BT SLINEEEFREERIFIXRE SRR | BRIBRERSXRAAE
TEHIM [Lao et al, EMNLP 2011]
- FILARTE TR RIS KRR
— IRECR RIS AR NS SRR F/ILE
— IREME XAV F/OIZ K RATHERRZ

athletePlaysForTeam

w athletePlaysInLeague leaguePlayers athletePlaysForTeam . . , \
Loe > C : ¢ (teams with many players in the athlete’s league)
athletePlaysInLeague leagueTeams teamAgainstTeam . . s
W2 ¢ > C c ¢ (teams that play against many teams in the athlete’s league)
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ZIEHEEMNIZES): DHhRRTE

® ETMIREEEHNRTFIFERR

2015]
- ETRTFEFY | BEXREERESEZTEPRIF ( AEERER )
- BEXRARRAREETT A BRIEERR
» v(rl) + v(r2) = v(r3) 8¢ m(rl)em(r2) = m(r3) 82 r1 A r2 => r3
® HEIZIENFIHETIEIN (Neelakantan et al, ACL 2015]
- XEAEEER S —

oo

- BEEITERTTI (RNN ) #HTRR —

CountryOfHeadquarters

,mu 9&? [Yang et al, ICLR

----------------------------------------------------------------------------------------- oo
IsBasedIn StateLocatedIn CountryLocatedIn y T
@ @ e Compositon |
headquartered in n the U.S. state of state part of
headquarters located in located in the state of state in the NW region of I esssss} _ o I H o
founded in beautiful city in located in country ‘: Mi c‘os"ﬁ ’M ( S attle :’ Statel ocatedin ""::.V,:‘_Nasmng'onr 7- —CountyLooaiedn b ( USA,.:‘

based in in state democratic state in 6 1
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entity - #triplet
® EIAER i
= 70 m.02rwv9s || Salih Jaber

m.032djO0 | Murray Silverstein

m.022yxx |l Brook Benton
m.026td49 | Anton Amelchenko

mM.018I4f | Whittaker Chambers
Hillary Clintor.
m.0dO6m5

/4
N7/ M
® XEZMATHEME oo
relation - #triplet
Iiiiiiiﬁﬁiﬁnm__
& & _.;
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ZRIRRS

KGs Textual Triples
(Chicago, be most city in, the United States)
Chicago Iocation.containedby. United States
of America
Tllinois (Charlotte, grandpa, Bill Clinton)

person.place_of birth

person. nationality
{Chicago, locate in, lllinois)

Hillary Clinton
pelitician.party Democratic
Hillary, be politician in, the democratic part
persan.spouse person.children Party ( Y P P y)
Bill Clinton Chelsea Clinton {Edward H. Allegretti, be born in, Chicago)

persan.children

person.profession
Charlotte Clinton
Mezvinsky

Politician
Jointly

Learning

Some of the United States' tallest towers are located in Chicago.

Edward H. Allegretti, age 67, a resident of Naperville, IL for 26 years, passed away June 14, 2015.
He was born July 15, 1947 in Chicago.

Naperville is a suburb of Chicago, located in DuPage and Will counties in the State of lllinais.
Chicago is the third most populous city in the United States.

Bill Clinton has opened up to ... the joys of being a grandpa to Chelsea Clinton's daughter Charlotte.
Chicago is located in northeastern lllinois on the southwestern shores of Lake Michigan.

Hillary (born QOctober 26, 1947) is an American politician in the Democratic Party .

Texts

E‘.l‘i%m%"—%ﬂﬂﬂiﬂia &5 JIT

1. FRSAFIHENSE L E9 L
TICFIRFSEIRBIRER | TR
FNRAERI)RR ;

2. FBANRENEFNMENEESLE
79 L SCAISCARILE
SRKNICANTE XA BRTRRYE)RE

BITEAEFS , NMNEEEHTTA

IR#NFE , BAILIZESNESRSE

FIRAFSIERIKER, PCECAIHETE

000
_________________ grandpa
4~ 900 YY)
_BIII ——children - Ch.elsea ——children —»{ Charlotte
------------ Clinton 4 Clinton
be husband of spouse be wife of be most city in
; / locatein e
| A
» Hilary <7 - . B country
Clinton ~place_of_birth = Chicago " containedBy USA

BY

nationality

SN A F—FS
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® Google Research Award
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U

33EIE

— Representing and Reasoning Knowledge by Jointly
Learning on Knowledge Graphs, Textual Triples and
Unstructured Texts
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