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Abstract  Knowledge representation learning is the foundation of knowledge acquisition and
reasoning. It is widely used in entity extraction, entity alignment, recommendation system and other
fields. It has become an important issue throughout the whole process of knowledge graph
construction and application. With the development of large-scale knowledge graphs containing time
labels, time-aware knowledge representation learning has become one of the research hotspots in this
field in recent years. Traditional time-aware knowledge representation learning methods can not
effectively use the distribution of knowledge valid duration. In this paper, we propose an improved
time-aware knowledge representation learning method combined hyperplane model and duration
modeling to solve this problem. Firstly, we divide meta facts into persistent facts and instantaneous
facts according to their valid duration. Then we model the valid duration of knowledge, so we get the
calculation method of valid reliability. Finally, we propose a new knowledge representation learning
method by improving score function with valid reliability. Wikidatal2K and YAGO11K are two
knowledge graph data sets containing time labels. We extract two new persistent facts datasets from
these two datasets. We do a series of comparative experiments on these four data sets. The results
show that Duration-HyTE method of link prediction and time prediction performance has been
effectively promoted. Especially on Wikidatal2K dataset, the accuracy of link prediction of the head
entity and tail entity of the Duration-HyTE method is improved by 25.7% and 35.8% respectively

compared with other traditional and advanced knowledge representation methods.

Key words knowledge graph; duration models; time aware; knowledge representation; link prediction;

valid reliability
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A C13) PR [ 24 J3E 5 4 Sk A R S A LA L
b Bsf T A7 0EL A B ) e 1 JE 8 i) T 3 S A O
FEA.

2 (12) 2 — P 22 W Bsf ] 4 B2 09 7R A 7 1, X
Tl 7 v SR AR A5 B 10 SRR A S B T SR RO &R )
SIS A B T D40 ARG 1Y SE A o — i T
SRR O &R BNATE 55 B9 SR AR D7 05 s X (13) 02 —
o RS o [ ) 70 R AR 5 X R 7 1 R B A B A 7
HREZAS S B[R] - TS B0 I 2k A BT X g
A ST B P () - T 2 — b 3 T I ) 5000 4T 55 Y
TCRAE T Wk T AR S 638 73 v, S0 O & I AT
55 R FH B AR A 3k 2 X (12) o A ) 98000 £ 55 5%
A R AE 7 2 2 (13).

PO i NI o N = P A N 7 | o S8 = e N e
M VB SR neg _sample K PR 57UREA 1%L
H . neg_sample 377 B4~ 1EFE A X B ) 57 RE AR L
H TS R AE I AN TEAE AR X 7 A 674 AR > BT
B B 7E neg _sample P35 DT BR i T 674 AR (1) 5
O O H S TR SR AT ROR R BETE A
B A I T BRAE IR TT B 22 A 67 R A IR DR A
FEI S5t T vy B X N7 ) TE R AR — 3 il A 3R
WAL T Z YN IEREAR I E B R R E TR
EHATROCE.

il 5 P T R 4R 88 I i) A 114 AR R IR 2 2T 1Y
BRI G5 a5 1 i

% 1. Duration-HyTE Rl 255 1.

WA NG S IR ELCRE RO 4E
T hF y R T g AR dim EAREN

s SR AR Ve KR ) R Ve (B[R]
i V.

O E 44 e BEHLBI UG AL dim A7 7] &, 15 3

Vi R aEA r BEOLWI IR AL dim 7 1] 5

B8 Ve, T a4« BEPLRIIR AL dim 17
)L 58 Vs

@ ENAL Vi FaA

Q@ BIFEEFEARES S, TARERES S,

@ FOR EACH (hyrsts[ T stead]) €S

FOR EACH 7€ [T gu s Tena )
TR« B Chsr s B ¢ s
S BEAIEREARCh yr ot 3T 5 C i) 3
FOR &K EL j=1,2,+* sneg_sample

FRFEIF A AREARLE S s

END FOR

END FOR

END FOR

FOR #MRW®H i=1.2,.N
ENAE Vi Vo draEAS i)
IERFRBIEFHEAED
ARBUEFEARSEXT N B A BEAREE D 5
P28 10) QD THE R R
WESHE VL Vi Ve

@ END FOR

@ it R SHE Ve Vi V.

® 606606000660 e

3 XBWERELHN

N T 83E Duration-HyTE J7 % W9 H %t . 70 5
7 H i A I R RS 25 0 $0E 45 Wikidatal 2K,
YAGOILIK AT 7 52 1A B 42 00 5 5y L OC 3R 5 4%
T S 56 5 ) T 52 G O 5 R 285 AR

N T i — 8 E Duration-HyTE 7E 3 22 1l ¢
FRAVERAE R TN AL, R 2 SRRSO
ZEHRE WDP12K, YGP10K [ T 3 — 25 i 52 44
A5G 22 i 122 900000 52 56
3.1 HIEE

Wikidata™" il YAGO & 2 A~ KB ) HH B 3
2 R R 2 ) G BIGE T ) 80 46 YAGOLIK,
Wikidatal2K J& Mix 2 /4> % i 46 v il 0T 4 5 i [a]
Pric {5 8B o 3 2 4 R A Ak ) JER 0 4 A 2 O AR
PH R SR 2. YAGOL1K 0H 4 & M YAGO #
Fi: S A5 5 F (1B T i 5 S0 b o B0 L b S
i8] b5 25 19 T S L (C# factlD s occurSince s ts)
(# factID soccurUntil , te) W JE =X -7, Ho b 0 &
20500 4> =041 .10623 LR 10 MHE X R 5
YAGO11K 24, Wikidatal2K & M Wikidata i
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L s B n, K s 24 DI C R .40 621
A= ICHLRN 12 554 52,

g T 2 B AR SRR AR R I R R A R 2k
BGRB8 4 B A &bk, FATX Wikidatal2K,
YAGOTL0K %idi v A2 1 47 22 8 OC & 09 4l i 47 iF
— L N YAGO B8 45 19 14 0 41 B i e T
VUL AL & RS G R Y 15 525 oo 3 S
IRIE B TC S AL A 1 10 143 AN S2R AT 8 A4S R
B o, T BB B 5 22 7 56 R 8 HE 48 YGP10K. X
Wikidata £ 46 >R FF [8) 4 09 il 7 2%, il A )
WDP12K, H b4 20 F oG & .11 943 4~ SR 1
34496 oo I EE. S8 T A AR AR N3k 2 BT .

Table 2 Test Datasets
2 TRHPEE

Dataset R HE # Train # Test £ Valid
Wikidatal2K 24 12554 32497 4062 4062
YAGO11K 10 10623 16408 2051 2046

WDP12K 20 11943 27666 3398 3432

YGP10K 8 10143 12608 1444 1473

3.2 EWIETE

L) VR 48 B5. O T 1 B 2 PPk 3R AT A AR T
Pe  FRATR TR % 3R 7 2 2 B 4 000 e Y
P AR AR X T R — A 75 R = o4l 4 )
A Sk R SR e, SR TR TR 4R v i i AT S A R
PR WS 0 ) (] R S 1 S5 AN BRI T 43 4 i A
) SEAR A 45 SR AT HE . AR M o = e 2 i ¢
F o) B B L SR 5 T ECHE 46 vh BIr A 56 2R AR L JF
FHYEAT BRECEAT 73 PR 8 A5 247 3 1.

@ ¥ HE4 (mean rank, MR). 45+ 1F #f 3244
B R A T AT SR G R 7 2 HE 44 D S AR
0K FR B2 WO AN 48 A

@ Hits@10. 581 1E ) S AR 78 i A7 52 44 b HE 4

B 10 B8 A o5 1 2 He AR DRy S 1A 5 0 1) 3 i
&5

@ Hits@ 1. G IER X RIEFTA KR D HEA
1 AR B o 17 0 HE A DA O 2R B 4 TR0 DA 46 .

2) FELWE 1AW ILE TransE, iX 2
BET BRI 1 SRR I R OT 2 BN F RS
FARICTE B 8 = e AR MU AE B> SR 4
A K F LA 1 HolE J& —Fh AR SRR 2
TR TT I BRI AR 2 H AT A IR R R A O
PP OB S Y B — O 2B IR ] AR A Y T
k. TransH &7 TransE Al b okt o i) — Fh AR 3R
7N IR T U A TR B AR SRR A
L HYTE ik RIEW K B Fib.+- TransE )& —
ol 5 IR R R AR L B K B T A R T R
FR¥ > . HyTE Z7E TransE Ml TransH 9 &l I
R Y )RR B R IR SRR A ) T R R
Duration-HyTE J& 78 SCH#E (1) Jr 1.

3) ZRBE N T AT ke 2 SRR b
HREREE 6 =50 000,k A4EBE dim € {64.128.256) .31
Hyel{l1,2,5,10},2 2 % [ € {0.01,0.001,0.000 1},
P ¢ € {0.5,0.6,0.7), L REE neg sample €
{1,2,5}. 950 il Z 508 € N - dim =128, 7y = 10,
1=0.000 1,374 bR AL £, norm 5, ¢ =0.6 B}
¢=0.7 (Wikidatal2K $t#E %N 0.6, YAGOL1K %
PEEN 0.7) yneg _sample =5.

3.3 ERgEETNSLE

T UE R Y T T S A BE e TN A AROR L TE
Wikidatal 2K, YAGO11K ¥ 4 I+, 43 5iI4E T 3k 5
TACRIT S S A ity e T 0 5 L 04K Y v O T s D
75 2 ZRA5 20 A9 AR I X 4R rh i = ou ek R S
PRSI, 00 25 2R 59 37 O 45 AR 2 IR B Sk R SRR Y
MR Fl Hits@ 10. Duration-HyTE 15 H fih 75 3% 9 5
B PERERT L SR AN 3 B

Table 3 Results of Entity Prediction
*3 LEWMMERRE

Wikidatal 2K YAGO11K

Metric MR Hits@10/ % MR Hits@10/%
Tail Head Tail Head Tail Head Tail Head
HolEM! 734 808 25.0 12.3 1828 1953 29.4 13.7
TransEM! 520 740 11.0 6.0 504 2020 4.4 1.2
TransH2! 423 648 23.7 11.8 354 1808 5.8 1.5
t-TransE6) 283 413 24.5 14.5 292 1692 6.2 1.3
HyTEN] 179 237 41.6 25.0 107 1069 38.4 16.0
Duration-HyTE 115 176 47.0 31.4 110 816 39.6 20.6

Note: The best values are in bold.
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Wk 3 Frs .78 2 8R4 L, Duration-Hy TE
() S g e RR AR AL T3 0E 0 i, Horh YAGO11K i)
S SRR R AR T T 23.7 % 8 S R 1 B 4 T
SRR, Wikidatal 2K I 1 3k J2 58 7R & 52 308 43
BRI T 25.7% 1 35.8%. Ui Duration-HyTE i
V) JE K RT3 2 7S 2 2T Bk 6 1 A0 5 e R) s 85 B4 TR
P13 B0 4 119 2 20 L LAt T 3 TR A AL

R T it — 2 BT A SCH O 6 Hy TE ) g it
WME, 14 1 T HyTE 1 DurationrHyTE 78
Wikidatal2K _E R/ 500 4~ epoch I 75 FI| il A5 R i) 512
REEE TN ZE 5. & 4 O B/R T 2 Fh oy ik &
PRI AT, 8 S 1R T 000 2550 S 114 78 Ak A7 L.

600

—— Duration-HyTE

500 —e— HyTE

400

300 |

Mean Rank

200 [
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Fig. 4 Comparison chart of prediction mean rank

of tail entities

P4 R S A T S 3% 44 B 1 £ 1

MIE 4 LU & B, HyTE il Duration- HyTE & 2K
PR TII AY 22 1k i 2 AH AL, Hy TE ££ 5 320 4> epoch
it 45 3] A L /R BB, Duration-HyTE 7£ %28 280 4~
epoch A 15 Fl| iz {4 & /R B, Duration-HyTE J7 5 1%
BN BRI T 45 R — B LT HyTE J5 k43 2 B8,

73 —IPEH 48 b e SR 0 45 2R 1Y Hits@ 10
At 2 &l 5 s

60
50 |
\
. 40p »
R
® 30T
= 20 ¢
—&— Duration-HyTE
10 | —e— HyTE

0
20 60 100 140 180 220 260 300 340 380 420 460 500
Epoch

Fig. 5 Comparison chart of prediction Hits@10
of tail entities

B 5 BEIAER Hits@10 284k th £ &

3.4 XEREEEMNEE

1 Wikidatal2K, YAGO11K % 4% 4 . %f
Duration-HyTE J7 ¥k I 2515 B B R 47 X R W
BEFEFU W4 Ty 2 2 A 07 R U 2RAs 3 Y Bt
TR X A 9 = 0 21 i G R B O S 1Y
A Fa b o2 TE A OC & 1) 4 19 °F- 24 HE 24 (MR) il v
1 BYE 5T T Hits @ 106 52 56 25 R 5 B i J7 5 %
L, LI g5 RANER 4 P .

Table 4 Results of Relation Prediction
T4 XERTMERK

Wikidatal2K YAGOI1K
Metric
MR Hits@1/% MR Hits@1/%

HolE 2.23 83.96 2.57 69.3
TransE 1.35 88.4 1.7 78.4
TransH 1.4 88.1 1.53 76.1
t-TransE 1.97 74.2 1.66 75.5
HyTE 1.13 92.6 1.23 81.2
Duration-HyTE 1.10 92.9 1.14 86.1

Note: The best values are in bold.

% 4 LR I R, 7E Wikidatal 2K, YAGO11K
B4 |, Duration-HyTE % 3 1) ¢ & T il #5 1t 3%
Y7 T IR, O FR A BU RO A AR T T 2.7 %
A 7.3%.

6 il T HyTE F1A 3C 77 2% I 2545 3] (1 B
RN T 56 Z2 T (4 45 J Bl epoch A8k A il 26 R
HyTE Jrxt F 26 & W B HF 4 © 48238 1.t fk
23 [B] AR/ H & Duration-Hy TE JriEX TR R 1Y
T AR ARG AL T Hy TE.

1.80
1.60¢g
1.40 -\

1.20 44—

1.00

0.80

0.60

0.40 | —— Duration-HyTE
—e— HyTE

Mean Rank

020

000l e v
20 60 100 140 180 220 260 300 340 380 420 460 500
Epoch
Fig. 6 Comparison chart of prediction mean

rank of relation

6 5% 2 I - 2 44 114 22 Ak i 2k 18]
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o FRAE B U Y 55 — AN FE AR Hits@1 (%
Fegh SR 7 s, 5 SRR B0 Y Hits@10 48
Al £ AH 4R, Duration-Hy TE J7 3% Il 2145 21 45 7Y 1)
25 AT HyTE J7ik.

SR TR B M R N 2 A AR AR G R I K 4
AR TR AT G 2R 114 T 25 5% v 4 B0 T 52 50 45
rf it — 26 gAY 5] >R X HyTE #l Duration- Hy TE
XFAS TR 5 22 1 T0I 4 5 iR,

5 H 1 RMER R Cdl .5 2,3 4
W& HyTE Hl Duration-HyTE XJ it 2 3¢ £ fi% 75 il
HE# BT 2 45, F e inoRL A% G 28 A 15 A 39000 11

Fig

94
L A
o) H‘“m**ﬁrtﬂfmmh
90}
s\?
® 88}
2
£
86
—— Duration-HyTE
84t —e— HyTE

............

...........

82
20 60 100 140 180 220 260 300 340 380 420 460 500
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. 7 Comparison chart of prediction Hits@1 of relation

B 7 KRB Hits@1 2k il £k &

Table 5 Comparison of Relation Prediction Between HyTE and Duration-HyTE
x5 XEWM LR

Test Quadruples

HyTE

Duration-HyTE

Norman_Borlaug, 7, University_of Minnesota,[ 1937—1942]
Francisco_Gallardo, 7, Puskas_Akadémia_FC,[2013—2014]
Konstantinos_Tsatsos , 7, Independent_politician, [ 1967—1974 ]

Donovan_Leitch_(actor) . 7, London,[ 1946—1967 ]
Kate_O'Mara. 7, Leicester,[ 1939—1939]

Ida_Halpern, 7, University_of_Vienna,[ 1938— £ ## £ |

Luis_Walter_Alvarez, 7, Berkeley,_California,[ 1988—1988]
Shohei_Ooka, 7, Asahi_Prize,[1976— # £ # £ ]

Ahn_Hyo-yeon, 7, South Korea national under 20 football team[ 1997— £ # 5 # |
#a8#]
Shafi_Goldwasser, 7, IEEE_Emanuel_R._Piore_ Award[2011— £ ## |

Shields Warren, ?, Harvard Medical_School,[ 1923

Florence_Augusta_Merriam_Bailey,? Smith_College[ 1882—1896 ]

Martha_Smith, ?,Cleveland[ 1953—1953]

isMarriedTo , graduatedFrom
isMarriedTo , playsFor
isMarriedTo , isAffiliated To
diedIn, wasBornIn
isMarriedTo , wasBornIn
hasWonPrize, graduatedFrom
wasBornln, diedIn
Created , hasWonPrize
isMarriedTo , playsFor
isMarried To , graduatedFrom
isMarried To , hasWonPrize
hasWonPrize, graduatedFrom

isMarriedTo , wasBornIn

graduatedFrom, wasBornln
playsFor,isMarried To
isAffiliatedTo , isMarried To
wasBornIn, diedIn
wasBornIn, diedIn
graduatedFrom, worksAt
diedIn, wasBornln
hasWonPrize , created
playsFor , isMarried To
graduatedFrom, hasWonPrize
hasWonPrize, isMarried To
graduatedFrom, worksAt

wasBornIn, diedIn

Note: The right relations are in bold.

3.5 HHERXARBESETRNLRE

2.1 WA T HTREH A R 28, Hoo ¢
FRAG MRRRELIN (] 73 R 2R B OC R BRI BRI SC R 2 2801
A RCHR S I ) A A X g R R RS R OC R
JIT LAAS 54 7 47 22 8 ¢ R B 04 4 | X4 Duration-
HyTE J5 ik — 2 W RIE.3.1 b 4 TR AT

Wikidatal 2K, YAGO11K HliHC T r & 6 & 152k A
KA MBI B T 2 MRS AC R AU 4 WDP12K,
YGP10K.HyTE, Duration-HyTE Il 2 5 12 16 5 4
£ WDP12K, YGP10K | i 47 X He S 56, A 0 iR %
71N A 20 Aok B A AR TR Al 22 S0 L A5 3 A S IR B 4 T
M2 6 FiR , & REEH T 45 R a4k 7 Ui,

Table 6 Results of Entity Prediction in Persistent Relation Dataset
Fo6 BEMXAHBFEEIFMUERE

WDP12K YGP10K
Metric MR Hits@10/ % MR Hits@10/ %
Tail Head Tail Head Tail Head Tail Head
HyTE 224 329 34.6 18.4 112 298 43.1 22.4
Duration-HyTE 194 286 38.7 21.0 102 258 42.9 27.3

Note: The best values are in bold.
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Table 7 Results of Relation Prediction in Persistent

Relation Dataset

R7T BEMXAYEEXRMNUERE

WDP12K YGP10K
Metric -
MR Hits@1/% MR Hits@1/%
HyTE 1.17 94.4 1.14 94.2
Duration-HyTE 1.15 95.4 1.04 97.1

Note: The best values are in bold.

Duration-HyTE J7 3 15 2] f4) A5 A 7 F5 22 A 5¢
ZHn4E EHUS T I HyTE W47 145 5 78 2 3L
P 5 by R S A T oy i B T 13,16 F0 13.4 %,
S SR i 2 T 14 B 430 T T 13.4 61 8.9 %0, K
FOEEH WO M Be A AR T T 1.7 26 F 8.8 00 X it —
AR T FRATT AR B SR B E A R 2 B OC R A AR
YA .

3.6 B8] i SE 36

H A R S rp A B [RLAR 1A 6% 50 8 L R 1
{50 7" 5, PRI R0 PR S5 s ] S — T AT 5 B
(i) 500 AF: 55 3 S 2 o8 MK A X 5 Chowr st 5T, ) S TE T
A B[R] T R = on A B Ok R RS AR, T
VINESE @ VN oy = s g s W 1 2R T O | o 1 B
WX G &R L2 R G R = Judl, B4 2% S8 AT WA [ [a)
W8 v e AR %) A P TR] - TR HE 44 7R AT 55 19 U 2
AEFIRATRA TR 12) (13) 3k 2 FhfiCRFETT %,
oAt (YN Zi ot B 5 i 42 00 52 36— B X L S 0 4
LUk 8 .

Table 8 Mean Rank of Time Prediction
*8 METNTFHHBERRE

Method(Sampling Method) Wikidatal 2K YAGOI11K
HyTE (TANS) 29.3 14.0
HyTE (TDNS) 17.6 9.9

Duration-HyTE (TANS) 22.0 13.6
Duration-HyTE (TDNS) 11.4 9.4

Note: The best values are in bold.

# 8 B/8 T HyTE Ml Duration-HyTE £ 2% F
2 T 7 R AE T U S A B[R] S50 A 55 b 00 X B S 0 4
SRS 248 5 e B AR B [ 19 97 SR A 75 (TDNS) B
15 A FHAE RS [ BN AT 55 b, 33 2 R B B & v
P ][] - T, DT 2 T 07 ] S50 2R

2 R EETE Wikidatal 2K B8 45 5% TDNS
HRAE Ty 15 (S B HE 24 19 A8 Ak il e ) Ee 45 S an & 8
JIi7R -

25
20+
4 y
-
s I5r
[
g 10} I
=
5t —— Duration-HyTE
—e— HyTE
0 YRS T SN T N SN N TN S N TR SN SN SN [N SN T S TN Y TN SO T N (N S T
100 600 1100 1600 2100 2600

Epoch

Fig. 8 Comparison chart of prediction mean

rank of time

PRl 8 I [ F5U00 P 24 i 45 14728 fh i & 5]

AR B2 A S I B A HD RS A 0 TR RO 22
BF 1) 43 A1 ) R, 6 R DA A AR B2 ) (] AR AT A
VR AR TE A R B[] b A 850RT {5 B R AR
T UNZRad FE VT4 R BORD 2% eR Ry 35 B2 T
B 7 T RIS 8 B[] AR F B[R] J88 R N IR R R 2 )
J7 1k Duration-Hy TE. 78 2 A 38 FH £k P54 A1 pr
) 2 A FRE A OC R BE B BB T LS TR S 5
L 28 B R W Duration-HyTE 8331 25145 2 it A5
TS T SR 5 2% B 4 TR 5 I (] S0 RGCR AT
B F T, e IR AE Wikidata B8 8 A3k R Sk
T T BE 2 S T 25.7 0 35.8 0%

A B TR AR 2 i R B A R s Ry kA, B
B C A 10776 R 28 HOBOA e REUR /ME, X 45
Y T B0 b~ > I [) RT3 T BB PR L FRATT
3 Uk SR 5T I [A] AR 28 118 R 0P IR 3% 15F R] AR 2 1Y
LI 2 AR 4 T 85, 412 v R bR 4 A B o i B
B b N R R B v B A TN A A R E T IRAT Y
PR 7R 2 5 H R F B ALY B R FE 5 0 AR SCHE 5
AT 55 By >k H B9 TANS J7 5 J& — Rl AL A9 1
SRAE 7 1, ] S £ SRR T i ARAN T R BT R Y 7
FEA AL S — MR A BT FE 5. 53 50 W7 K% Duration-
Hy TE 4 B[] J8% 1 R 3R 2% 2 J7 125 1 FH T B[]
H O B 5C 28 Al 0L TR Rl 5 R4 B A L R (AR TR A
WEFE T3 ).

2 % X #
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