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Prediction of relation among entities is important for ontology construction. TransE and TransR are the methods
for such prediction. In this research, we developed RDFDNN that predicts a predicate from a subject and an object.
Experimental results showed that the accuracies of predictions from subjects and objects by RDFDNN are higher

than those by TransE and TransR.

1. O0O0odg

gbooboobobooboooboobooboooo
gooooobooooobooboobooobo.obooobooob
goobogooboobobobooo,0obooboobobobob
ggboboobooooboboboooobobobooo
gooobooooooobooboooboooobooobooo
00000000000000. OD0O0D0O000 Knowledge
GraphOOOOOOOOODOOOODOOOOOOOOOOOO
gooboooooo,boobooobooboboboobooob
gooboooooooooboboboboboboboon.

00000 Resource Description Framework(O O RDF)
gooooooooooooooooooooooooo.
RDFOOOOOOOCOOOOOOO0OO00O0O0O0O0O0O0. DO
000 (bo,00,000)03000O00LOOoLULoUOoOO.
gobooooooooboobo,obbboooooobboo.ooob
(0oO,00,00)00000000000P00000O00O0
goooo”0000fdoooOooD. 000oogooooon
goor’oo’o”oo’0dbo0obocgbooooor»ooro
gooooobooooobo.booboooobooooob
0O00,000000000000 Deep Neural Network(O
0 DNN)OOOODO.

00000 FreeBase D Wordnet O 2000000000
gob. obooboobuoobo,oobooboo,boo
gooooooboboboobobo,oooboobobooboob
goooboobob. bobobo,oboboboooob
O00000000000000000 TransE[Borders 13]
O TransR[Yankai 15| 0000000000000 0O0O0OO
gooooooooooo. oo, RDEDNNOOOOOOO
gooooobooboboD.

good:0bo00ob boobbo obboo
000000000200 12-1 W8-59
E-mail:oonuki@net.c.titech.ac.jp

2. 000D

O000O0 DNNOOOO RDFOOOOODOOODO
O00. RDFOODOOD (hI{,t)0 RO ¢000,I0000
OO0o0oo0oo0O ARO¢tO0D!O00D0OCODNNDOOOOO. OO
DNNOOODOD RDFDNNODODO.

i 73:label

softmax
(relation_dimxrelation_voc)

O O

tanh2
(2entity_dimxrelation_dim)
OO0 O
N ACA /

entity_embedding
(entity_vocxentity_dim)

OENOOE)

entity_embedding
(entity_vocxentity_dim)

a

OO0

A F3:tail

AJ1:head

0 1: RDFDNN O OO

RDFDNNOOOODO 1000.00000000O,000
goo0oooooooOo,0b0o0ob0oooooobooobo
0.000AO0¢t0ODO0D00D00D0O0DODODODO,O000
(0000000000000 000000o0oooo0. oo
goboboobob,n0o0obboobboob :0Oo0obbo
gooopoooO,00o0oboO«-.000000 1,00000
000 00 nO00O00O0O0OO0O0OOOOODOOO0O0O0O
goooo.

0) (1)

entity_voc O relationvoc 00000000 OOOOOO

(00...010



000000. entity-dim O relation_.dim 00000000
0000o0o0ooo. RbFOO0OO0O0O0OO0OOOOO0OO0Ooog
00o0o0oo0o0o0o00Oo. 0opooooooooooooo
0o0ooooooooooooo.

RDFDNN 0O 0O entity_embedding, tanhl, concat, tanh2,
softmar0 500000000000000. tanhl O tanh2
Otanh 0000000000000, softmax 0 softmax [
00000000000 00000. concat 00O AO ¢tO0O
ooo0ooOooOoooooD,000000o 20000000
J0O00D00D000. entity_embedding0 00000000
0000000000000000. 00 entity-embedding,
tanhl, tanh2, softmax 000000000 L2O00O00O00O0O
0o0ooooooooon.

RDFDNNOOOOD(O0O0OOO0O0OODOODOODODOOOO
oooooooo,RDFDNNOOOOOOODOOOOOOO
ooOooOoopoooOoo. soopooouoooooooopgog
ooooooooo, P(h,t)O RO t000000 RDFDNN
000000000o00o0dd, k0 0<k < relation_vocO
oo0oo0oooOO0o0o0oooOooODO.0ooooooooooo
00000000 Adam[Kingma 15/ 0000.

D

(h,t,l)eS kcrelation_voc

lklOgP(h, t)k (2)

3. Oonono

3.1 TransE
TransE[Borders 13] 0000000000000 O0ODOO
pgoboobooboo,booboboobooboobo
goooooo. oooboodo A0 00 t0OOOOOO,
AhO+t00 000000 0OOCODODOODOCOO. TranskE O
goooooooooooooboobobob.

d(h+1,t)=0 (3)

d02000000000000000000000000
oo.

3.2 TransR

TransR[Yankai 15] 0 TransE 000 000000O0OO,
TransEOOOOOOO0 10 NOOOOOOOOOOOOD
0. 10NOOOOODQO (bo,00,00)00,00,0
0)0o00000 RO IODDOOOD¢0O0OODODOODOO
0/000000. TransEOOO d(h+1,t)=000000
goboooooooooooboooOo,oooooocoooon
0000000000 00000000C0O0000. TransR
o0 hrOt0l0000000OO M;OOOOODOODODODOO
pooobobooobobooobobooag.

TransROOOO0OOO0O0O0O0O0OO0OOODOODOOODOO.
M;OOD!ODDOOOOOOoOoOoooo.

d(hM; + 1,tM;) = 0 (4)

4. DOO0OOO

O00000D00 2000000000000000
O000O0O0 FBI5k O WNIS 00 OODOOOOOO.
FBI15k 0 WN18 OODOOO 1000. 00000000
[Borders 13][Yankai 15| 0 0 00000000000000.
FB15k0 WN180OODOOOOOOOO0O0OO0O0D00000OO
ooooo.

Freebase[Bollacker 08]
WikipediaODOOOOOOOOOOO0OO0O0OOO0OOOOO

Wordnet[Miller 95]
ooooooogoooo

O 1. 0000000CCOO0OO FB15kO WN1BO OO

FB15k WN18
gooo Freebase = Wordnet
000 (entity_voc) 14,951 40,943
000 (relation_voc) 1,345 18
ooooooo 483,142 141,442
oooooooo 59,071 5,000

5. UOoon0n

5.1 0O0OOO

00000 kerasO0O0O0O TensorFlow 00 RDFDNN O
OO0OO0O0. kerasOO DNNOOOO CuDNNOOO GPUO
000000. keras(https://keras.io) O python 00000
TensorFlow 000 Theano OO OOOOOOOOODOOOO
O00000o0oo00oOoo. oo0oooog python, 0 OO
OO0 keras O tensorflow OO0 0O. ODOOO PCO CPUO
Intel Xeon CPU E5-2609, GPU O GeForce GTX 1080 O
oo.

000000 top-kaccuracy 000, OOOOODO 100
O0000000o0oo0oooo0ooooOoooooooood
hO¢tO000,000171000 top-k accuracy DO DODOO.
top-kaccuracy 0000000000000 0O0ODOOOODOO
O kOOO0O,000000000000000ooogoo1
O,0000000o00000000000.00O0UOOOQ
0000000000 00000. 0000000 DNNOO
000000o0o0o0U00oooooooooooooOO kO
oooog.

00ooU0ooooo,FB15k O (entity-dim,
relation_dim) (30,30) DO0ODOUOOUODOOOODOOOO.
000 WNI18 0O (entity_dim, relation_dim) = (30,30) O
00000000000000. 0000000000 FB15k
O (entity-dim,relation_dim) = (30,30) 0 0 0 RDFDNN
goooO0o0oooooooopooD.Dgoooooooood
0000 FB15k O RDFDNN O entity_dim O relation_dim
0000 24,68,1000000000000 top-k accuracy
00000000.0000000000000000 FB15k
0 RDFDNN O entity_dim O 60,120,180,240, relation_dim
O 20406080 000000000000 ODOOOOO.

5.2 0OOOO

000000000 [Yankai 15|00 00000000000
TransE 000 TransROOOOOO0OO0O. TransE OO 0O0O
00 o0.01,v0 1000 FB15kO WNISOOUOOODODOOO
0. 000000DbO00og bso0,100000. TransRODOO
Ooo0 o0.001,yO0 1000 FB15kO WN1SOOOOOOO
0d0.0b0o0o0ooooooo so,100000.

6. UUboODOOOd

0000 ,FB15k O (entity_dim, relation_dim) = (30, 30)
gooooboobobooobooa. 000 WN18 OO



(entity_dim, relation_dim) = (30,30) DO0O00D0O0OOOO
gooooo.

top-k accuracy(FB15k))

g
o

_0-——"'.--.‘_—“_—4
-
0.9} _ e |
& .
< o8l 7 e - -1
5ol e
, _ -
O 07k .- e
(@] L T
(Uols, .// ",J”‘.— i
L] ’ -
1 ; P
Q'OS, // .
° . e o RDFDNN
7
- 04f 7 e o TransR
7
e o TransE
0.3 L

1 2 3 4 5 6 7 8 9 10

0 2. FB15kO00O0O0O0O0O

top-k accuracy(WN18)

T P W S————
A
0.95 |- -8- . |
- -
(.’3» ool *».0 ,
VS P
A4 °
g 085 ,’// K ,
/
© 080fs / / R
8] rg
@® o7sf," i
/
'Mu 070 R
Q /
O o065f / o o RDFDNN [
) /
/ e o TransR
0.60 |
e o TranskE
0.55 . . . . . . T T
2 3 4 5 6 7 8 9 10

03 wNISOOoooog

0O 200 30 FB1bk O WNISOOODODOOO
goooboooboobooooo. oogd k DODDO
top-k accuracy 00 0. RDFDNN OOOOOOOOOO
(entity_dim, relation_dim) = (30,30) 0000 0O0O.

000000o0o0O0ooOD0OO0O0O0 RDFDNNOOOOO
0 TransE,‘TransR OO0 O00O0OOCOODOO. OOOODO
RDFDNNOOOOOODOODOOOODOO FB15kOOODO
go000.00000000000 FB5kOODODOOOODO
00.00000000D000000000D00000O FB15k
goooo wN 8soooooooooooooooooao.
FB15kOOO0OO 134500000000 wN1sSODOOO
1 8000. 00000 bo0ooobooobobooooooag,
oo odggg. booboo
WNISODOOO FB15kOOODOO 20000000,0000
000000 oO000obOO0o0oobOoDooooobooooo
goooooooo.

7. ODooooood

0000,FB15k O (entity-dim, relation_dim) =
(30,30) 000 RDFDNNOOOOOOOOODOOOOOO.
RDFDNNOOOOODODOODODODOOOOOOOO 4000
ogoooooag.

ADD0OOoOOoOoOoOoOoOCOOoOoOoogooooo

B:OODOOODOOOO

c:ooooooo

D:O0O0O0ODO

O 2: RDFDNNOOOOOOOOO0OO0gooooo

goooooo (oooo
A 49
B 14
C 5
D 32

(entity_dim, relation_dim) (30,30) DOODOODO
RDFDNNOOOO, 00000000 4000000000
gboooboboobooo 200b000bob.oboboooboobooo
RDFDNNOOOOOODOOOOO0OOOOOO 1000000
gobobgobobobooboobooon.

02000000000000000000ADO0OO. AC
00000/ Leslie Dilley’0700000000000O00O0O”
goooooooo,0oo0’o0gooooogroooo
goor’0oo”0oocd0ooooobooOobD. boooboo,o
gOoooooboOoOoooogoboor’obobor»oooooo
goooooo”oocoo”ooobooobOooooboobooo
O0.00000 RDFDNNOOOOO 1000000 A,B,CO
es0000oo0oooooooooooo.

gbooboobogooobobooan

0000 FB15k O RDFDNN O entity.dim O
relation.dim 0000 2468,10 000000000
00 top-kaccuracy OO0 OD0O0OO.

8.

10 top-k accuracy of RDFDNN (FB15k) (relation_dim = 10)

o
©
T

o
o

o
IS

relation_dim:
relation_dim:
relation_dim:
relation_dim:
relation_dim:
0.0 . . . . .
1 2 3 4 5 6 7 8 9

top-k accuracy

H 00 o N

0

10

0 4: FBI15k 0O RDFDNN O top-k accuracy (rela-
tion_dim=10)

0 40 entity_dim O relation_dim 0000 2,4,6,8,10 0
O000000o00ooo0ooooooO0. OoO k000
top-k accuracy 00 0. relation-dim 0000000000
gooooOoOoooooOo,00000 50000000O00d
goooog.

entity dim 0000000000 top-kaccuracy 1000
00D o0.100000, relationdim 00000000000



00000oooooood. 0400 relationdim 000
00000 (000000000000 DO0O)0DD0OO0O0
oo0ooDO0O00000O00.00000000 relation_dim
0000 entitydim 000 RDFDNNOOOOOOOODOO
goooooodog.

9. ggbobbuoooobbodao

0000 FB15k 0 RDFDNN O entity_dim O 60,120,
180,240, relation_dim 0 20,40,60,80 0000 O0OO0OO0OO
gooooooa.

Computation time of RDFDNN

5 1300 - -
b e o relation_dim = 20
&£ 1250 * relat!on_d!m =40 /’/j,
© e @ relation_dim = 60 ,/”/
< 1200| e @ relation_dim = 80 P 1
s
o— .
7
+ 1150) 3~ 7
o v
o P
.= 1100 | o R
= P
M L
+ 1050} e’ ,
3 e 4
Q P
E 1000 |- =% R
P
950 . . .
O 100 150 200
entity dim

05 FB15kOOOOOOOOOOOOOO RDFDNN OO
gooooo

050 RDFDNNOOOOOOOOOOOoOOOoDoOoo
0000ooo0OoDoooOO. 000 entity-dim, 00000
00 (0)0O0D0. 00000000000 relationdim O
RDFDNNOOODODODOODOOOOOODDO,O entity_dim
0000000o0ooU0ooOoooo.opooo10ooooo
00 entity-voc >> relation.voc 0000000 entity-dim
OO0 RDFDNNOOOOOOOOODOOOOOOOOOO.

10. OO

RDFDNNOOOODOOODOOOOOO relation_dim 00O
gooooood. Oo,RDFDNNOOOOOO entity-dim
0ddodopooobOoO0. 0oobo0o0o0dd RDFDNN O
goo0o RDFOOOOOOOODOOO,

1. 0000000000000 00000000d entity-dim
O relation.dm 000000000 OO0O

2. entity_dim = relation-dim 000000000000
0ooooooooooo 200100000

3. relation.dim 000 0O0O0O0DODODDOOOODODOO
entity dim 0 200 100000

goooooooooboooboobooooooooooooo
0000og RDFDNNOOOODODO. ODODODODODODODDODOD
ooooooo200100000000000, RDFDNN
goboooooooboooooboooboooooooo,oooon
gooooooooooooboboboooooooooooooon
goboooooooobooooo.

11. 0O0odn

oooooooooooobooOooOobOOoOoOoCboOoOoOooooo
oooooooooobooboooo. oDbooob0oo00 RDFDNN
goboobooboobooboooboobbooboon.
RDFDNNOOOOOODODODOOOOOOODOOOOOOOO
gooooooogo.

e JO00O0O0DBDOOD0OODOO0O,relationdimI00000O
ooooooon

e NO00O0OOODOOOO,entity dim 00000000
goooo

e JOOOOODOODOOCO,ODOC0COOOOOODODODOO
goooo

000000000 RDFDNNOO ADOIDDO tODOOO
gobooooboooooooo,oo0o0obo0ooobooooo.

goog
[Bollacker 08] Bollacker K., Evans C., Paritosh P,
Sturge T, Taylor J., ”"Freebase: a collabora-

tively created graph database for structuring hu-
man knowledge.” In Proceedings of KDD, 12471250.
(2008), https://developers.google.com/freebase/data,
(2017/1/2700)

[Borders 13] Bordes A., Usunier N., Garcia-Duran A., We-
ston J., Yakhnenko O.: ”Translating Embeddings for
Modeling Multi-relational Data”, Part of Advances in
Neural Information Processing Systems 26, p. 2787-
2795.(2013)

[Hinton 06] Hinton, G. E., Osindero, S., Teh, Y.: 7A fast
learning algorithm for deep belief nets.” Neural Com-
putation, 18, pp 1527-1554. (2006)

[Kingma 15] Kingma D., Ba J.: ”"Adam: A Method for
Stochastic Optimization”, International Conference
for Learning Representations, Published as a confer-
ence paper at the 3rd International Conference for
Learning Representations, San Diego(2015)

[Lassila 99] Lassila O., Swick R.: ”Resource Description
Framework(RDF) Model and Syntax Specification”,
https://www.w3.org/TR/1999/REC-rdf-syntax-
19990222/ (2017/1/26 0 O )(1999)

[Miller 95] Miller G.: "WordNet: A Lexical Database for
English.”, Communications of the ACM Vol. 38, No.
11: 39-41. (1995)

[Yankai 15] Yankai Lin, Zhiyuan Liu, Maosong Sun, Yang
Liu, Xuan Zhu: ”Learning Entity and Relation Em-
beddings for Knowledge Graph Completion”, Twenty-
Ninth AAAT Conference on Artificial Intelligence,p.
2181-2187. (2015)



