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Abstract Knowledge graph representation learning, which aims to represent elements (entities and relations) of
knowledge graphs in low-dimensional continuous vector spaces, is able to effectively perform knowledge graph
completion and improve computational efficiency. And it has been a significant issue throughout the whole process
from knowledge graph construction to application. However, most existing approaches of knowledge graph
representation learning have been developed only on the basis of static structured triples and ignor the time attribute of
knowledge and entity type features, which limits their performance on knowledge graph completion and semantic
computation. To conquer this problem, based on a famous tensor factorization technique, we propose a type-enhanced
temporal knowledge graph representation learning model called T-Temp. The T-Temp model explicitly incorporates
different forms of time information into the process of knowledge graph representation learning, and takes advantage
of type compatibility between entities and their associated relations to fully explore the implicit type features of
entities, so as to further improve the performance of knowledge graph representation learning. In addition, we prove
that T-Temp is fully expressive and compared with competitive models, our model has lower time and space
complexity. Extensive experiments on several real-world temporal knowledge graphs demonstrate the merits and
advancement of our proposed model.
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Fig. 1 An example of temporal knowledge subgraph extracted
from the Wikidata
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B 1AW T T-Temp B 10 RS

ik 1. T-Temp KA.

N WS ain, TLAREE, X RER, B AL
T, MZR SR EN, HEIR KN B, ik ANYEJE ks dFllrgs 74,
FIAS G 2 A, T A

s T SEAR B A 1] fit e € (h, TS A A
Wl ye, FITA O FR B A [0 s roFl Sk /R 28 B ik A )
X, JITA I [E] B A ) T

XA 3% B2 i B {5 2 04 1Y o0 21 150 Es Hk fk 7

Ak B

Qffi F Xavier X e; 1, 1o 75 X Y HEATHI IR AL

@ fori=1to N do

@  for each batch S” of S yun do
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® for each (h, 1,1, 7)€ S?_ do

© TR BB f(h, v, 1) 25K (7) %/

@ end for

end for
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@ end for
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Table 1 Comparison of Our proposed models and State-of-

the-Art Temporal KGE Models on Time
Complexity and Space Complexity
F1 ANERSHARSMIREERREIERNNEES

FEM=HERENLL

B R A ZE LRI
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TeRo o) 2d(|E| + R| +|T])
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Table 2 Statistics of Datasets
=2 HESENSGITER

Blnge T E P I il 1 8 S [R]S FBl4F MERSEA BrEEAE WX
ICEWS14 7129 230 365 2014 72826 8941 8963
ICEWS05-15 10488 251 4017 2005—2015 368962 46275 46 092
YAGOI1k 10623 10 398 ~453—2 844 16 408 2050 2000
Wikidatal2k 12554 24 557 1479—2018 32497 4062 4062
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TransE B9 A 254 R % TTransE. TA-TransE, HyTE.

HET Tucker 43 A 54 ConT LA T CP 43
fift 1) i 25 #5550 DE-SimplE, TComplEx, TNTComplEx
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4.

R DL, AR SCTE B4 NVIDIA Geforce RTX
2080Ti GPU | iz 17 T-Temp I 3% 43 F £ 4 7Y, i FH
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3.60GHz CPU, 128GB P4 7. A< 3| Ji] PyTorch™” 52 B
T-Temp A5 54, Adam™ VE S f Ak 25 . U1 Rt vk Kby
1000, Yl 25 B 56 50k 50, HAF SR U0 IE 1 AR, ik
B UEAE T MRR {8 f 5 WA S 500 A7 k. %
ICEWS14 F1 ICEWS05-15 54 4, e E S B B N
d=2000,k=20,1, =4, =0.01,r,/ 7, = 0.25, 235 0.2;
XFF YAGO1 1k B4l 4, e {280 8 yd = 1800, k =
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BRERLEVE M 48 br AR T SRR, 08 B 78 0 1R &
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PERE. A SCHRE Y T-Temp B8 7E BT 5 B4 45 L 19 45
SR o e S Y I S AR, R B T-Temp 455 Y GE 6%
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FAAK UG, #£ ICEWS14 F ICEWS05-15 3% 2 447
A W] I] 2508 2B R 80 Bl 4R b, T-Temp #5221 1Y
MRR F5 b 45 5 o 8 Sk 1) B 25 B %Y ChronoR 43 71l 4
F T 3.9% F1 1.8%, L[] FE T CP 43 fif 1Y B A 55 )
TNTComplEx 73 5l $2 F T 8.5% 1 16%. i% J2& X Ky T-
Temp A5 75 A AN I FH 55 52 4 B[] 45 8., 38 70 40 42 i 52
PRI ZERIRRAE , T 2 — 2 fb SRR AL T ChronoR
H TNTComplEx & AUAAL il 5 1 B ()45 5., Z20% 1 B
FAE SR R A i 2T B, R TS 1 U AR Y
5L BB, M T ConT Y v () 43 A~ i ] B 75 22 K
HSHORE IR, B U4A, Bk ConT PERE AL, T
H Kt S50t il N ok B G HL 2% 18

YAGOI11k Fll Wikidatal2k J& 2 >4 A i 6] B JE
= 5 7] 8 7 B35 4, ChronoR . DE-SimplE H1 ConT #
RUAREAL X AP SR 5 S, I EA T1E YAGO1 1k
1 Wikidatal2k 3X 2 84l 5 F A 45 3. JS4 TeRo
TR SR FH 5 A SRR AR A [) 19 125 ok Ak B 52 1 o [
{5 ., {3 T-Temp #5 5 i) 45 A5 9K L TeRo B, —J5
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Table 3 Link Prediction Results on ICEWS14 and ICEWS05-15
%3 7£ ICEWS14 1 ICEWS05-15 LSS5 R

- ICEWS14 ICEWS05-15

MRR Hits@] Hits@3 Hits@10 MRR Hits@] Hits@3 Hits@10
TransE 0.280 0.094 0.637 0.294 0.090 0.663
DistMult 0.439 0323 0.672 0.456 0337 0.691
ComplEx 0.467 0.347 0.527 0716 0.481 0362 0.535 0.729
SimplE 0.458 0.341 0516 0.687 0.478 0359 0.539 0.708
RotatE 0418 0.291 0.478 0.690 0.304 0.164 0355 0.595
TTransE 0.255 0.074 0.601 0271 0.084 0.616
TA-TransE 0.275 0.095 0.625 0.299 0.096 0.668
HyTE 0.297 0.108 0416 0.655 0316 0.116 0.445 0.681
ConT 0.185 0.117 0.205 0315 0.163 0.105 0.189 0272
DE-SimplE 0.526 0418 0.592 0.725 0513 0392 0.578 0.748
TComplEx 0.560 0470 0.610 0.730 0.580 0.490 0.640 0.760
TNTComplEx 0.568 0.460 0.610 0.740 0.600 0.500 0.650 0.780
TeRo 0.562 0.468 0.621 0.732 0.586 0.469 0.668 0.795
ChronoR 0.593 0.496 0.654 0.773 0.684 0.610 0.730 0.821
T-Temp 0.616 0.521 0.678 0.790 0.696 0.619 0.749 0.847

ERE Ukt SETELYLN TN
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Table 4 Link Prediction Results on YAGO11k and Wikidatal2k
# 4 7 YAGOI11k 70 Wikidatal2k FRISEERNZE R
o YAGO11k Wikidatal2k
MRR Hits@!1 Hits@3 Hits@10 MRR Hits@1 Hits@3 Hits@10

TransE 0.100 0.015 0.138 0.244 0.178 0.100 0.192 0.339
DistMult 0.158 0.107 0.161 0.268 0.222 0.119 0.238 0.460
ComplEx 0.167 0.106 0.154 0.282 0.233 0.123 0.253 0.436
SimplE 0.175 0.137 0.179 0.247 0.321 0.212 0.354 0.557
RotatE 0.167 0.103 0.167 0.305 0.221 0.116 0.236 0.461
TTransE 0.108 0.020 0.150 0.251 0.172 0.096 0.184 0.329
TA-TransE 0.127 0.027 0.160 0.326 0.178 0.030 0.267 0.429
HyTE 0.105 0.015 0.143 0.272 0.180 0.098 0.197 0.333
TComplEx 0.151 0.094 0.158 0.280 0.240 0.144 0.283 0.438
TNTComplEx 0.189 0.118 0.194 0.347 0.266 0.159 0.301 0.506
TeRo 0.187 0.121 0.197 0.319 0.297 0.197 0.325 0.510
T-Temp 0.261 0.176 0.281 0.410 0.329 0.208 0.364 0.578

T RIBEERH BRI
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Table 5 Results of Ablation Experiments on YAGO11k
®5 YAGOl1k bHHRBSSIEER

i MRR  Hits@l  Hits@3  Hits@10
T-Temp-Type ( Unif) 0.201 0.124 0.205 0.379
T-Temp-Type 0.255 0.176 0.279 0.403
T-Temp 0.261 0.176 0.281 0.410

MFE S HE[ LLFE H, T-Temp 158 H AR (AR Y T-
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Fig.3 The visualization of entity and type embedding
clustering

B3 SRR AR R AT AL

M 3 Hal DU, SRR 975 L S A A 1Y
T, HAR S HE Z 1] A DX 2 BT AR, 7 S A4 A
AT X TR A SR A B G U B 2 R R A S e

0 A7 5 AR SR B — BT SCRRAE, 27 2] SRR B



926

HENR SR E 2023, 60(4)
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Fig. 4 The sensitivity analysis of parameters
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Table 6 Comparison of Link Prediction
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