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Towards Time-aware Knowledge Hypergraph Link Prediction

CHEN Zi-Rui'?, WANG Xin"?, WANG Chen-Xu'?, ZHANG Shao-Wei'?, YAN Hao-Yu'?

!(College of Intelligence and Computing, Tianjin University, Tianjin 300350, China)
(Tianjin Key Laboratory of Cognitive Computing and Application, Tianjin 300350, China)

Abstract: A knowledge hypergraph is a form of a heterogeneous graph that represents the real world through n-ary relations. However,
both in general and specific domains, existing knowledge hypergraphs often suffer from incompleteness. Therefore, it is a challenging task
to reason the missing links through the existing links in the knowledge hypergraph. Currently, most research employs knowledge
representation learning methods based on n-ary relations to carry out link prediction tasks in knowledge hypergraphs. However, these
methods only learn embedding vectors of entities and relations from hyperedges with unknown temporal information, neglecting the
impact of temporal factors on the dynamic evolution of facts, resulting in poor predictive performance in dynamic environments. Firstly,
based on the definition of temporal knowledge hypergraph that proposed by this study for the first time, a link prediction model is
proposed for temporal knowledge hypergraphs. Simultaneously, static and dynamic representations of entities are learnt from their roles,
positions, and timestamps of temporal hyperedges, which are merged in a certain proportion and utilized as final entity embedding vectors
for link prediction tasks to realize the full exploitation of hyperedge temporal information. At the same time, it is theoretically proved that

the proposed model is fully expressive and has linear space complexity. In addition, a temporal knowledge hypergraph dataset CB67 is
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constructed from the public business data of listed companies, and a large number of experimental evaluations are conducted on this
dataset. The experimental results show that the proposed model can effectively perform the link prediction task on the temporal
knowledge hypergraph dataset.

Key words: temporal knowledge hypergraph; link prediction; knowledge representation; embedding learning; temporal information
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WG THM 7 %8R R 00 N 7T CASE Bl 58 & R v, B4 X PR E L T Sk i KB AT 23 5 5 N
z,[k]1=€[k]-sin(F'[k]-t + D'[k]) )
z,[k]=e][k] (10)
AL RAIE S, KR SCHER[30], TEE BB AT Y (v, p) ce, ph i eysent) €S B (1, p 2, Py i €gsest) 2 S
I, B 7 68 32 45 53 BT o3 5l D — /S TE B 5 4, SR IE B o s #E
& d=|R|E[|T-L, HHd, L R—A BRI XLesepRik A b & U8 RN |ENT-L s, XT3 j
NRFR ry, AIAREE 2 RIREE j B 1 4F, HABRTA TR & 0. @ X ARt AR 77 =X, B8 4T 7 5 ik
UNGESIENE Y PN ey EATE G N
55 7 AR (5 AR BTE BRARL) N|E| T1-L, BT LA E VR R IEI KB NIT-L BT E. ST 5 i A seik
e Xz EBREE i N TFHSMOFTE FHIERN 0. 7 TIXBEMME S, ZRE AN FBamEs, A% 4
B i A TR BB, FEE, XA THH AN E SR e MSCR 7y (I 76810 4 2 ME— ). BUK & 53
5 AHEIEE AT
B ANHE AT YN T-L, WA TN B Lo MR SRR, TE L 2
KEEBT, W@ RE 2. F WD IME, & =, 0, 5 p MRz GRZHAN 1, 4 ¢ =2 1, ZHMET FE
B, N0, VER, BTG E L e KR r A EEL ¢ (1055 788120 3 /2 — 1.
BT EREMSET N, ATEIY (7, p] ce,p):€nt) €S B (1, p 1€, D) €yyent) & S B, B 7 RBIL 11355
A AN TE Rk 5 5
B T SeRIEMEAL, AAEBIAE T X KA 7 AR E A R o N R R TR, N e 2 B
SE T THM FIZe k28 5 2% B
EIE 2. THM BRI (125 [ 5 44 2 O(md+Lmom,), Fort, m, /& SEAR KL, m, /2 58 R AEL, m & I 7 R0 U
P o ) B R SR R T AL
W TR F BT R RBUR D BT 700K 2), il SHm FREAR S 3, SmiaEE st
A= LS E N md, ERRKAEMIEE LS EZ N Lnm,, 1ERpMAEORE & F 1S5
%N Lmm+Ld, $H BB H %2 N O(md+Lmm+Ld+Lmm)=O(m.d+Lm,m,). B, THM KR )53 (8] 5 4% 5
N O(md+Lm,my).
x2 BIRESIEER

TR WA RFRH 25u# 3JuH 4uB sooH e gnB =7 ouH KA X [A]
JF17K 29 177 322 56332 34550 9509 2230 37 0 I -
FB-AUTO 3388 8 3786 0 215 7212 0 0 x -
M-FBI15k 10314 71 400 027 26 11 220 0 0 0 T -
WikiPeople 47 765 707 337914 25820 15188 2514 718 75 x -
CB67 7 840 67 6200 957 476 300 205 138 W A 2014.10.1-2021.8.4
5 £ I

AT LIGAE L HR AR LI UE THM A Rt S BEVERIEHEIE. Bt BN (1) 7E R SERI 7 R
P B 4 b 55 2 T AR SRR P 79 20 AT W S AR P RE X L, DABS IR BT A5 Rt (2) RAT T AL SE
%, DURUER B AR, ) M S UK ESE R, DU IR R BT R, £ > M SR A5 R R
5 U W I R R 1 3 S KA 4R A S T 3 B 2 BT B ) R R R BN A BRI SRR B AR
JE 45 7€ SR PF A TR AR
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5.1 HiR&E

ASCE T BT A B A REREE, DA EERBARALEE T CB67 £(#E 4 (company business, CB), F%}
AT T AU, AR A T RB AL 7 840 . KRRIKE A A N IERE KRS A F 8] 14t
MFISRJE R R IL 67 Fhy X RICHORER 2 TUE 7 J6; FUE 5 RN B TR B R A SLAR I AR I P
B AT, KAZBHKRRLIR M TR R TG ROE 1 B SRR P RoRFriid A & 1 E 4o
F), A A RIS S 310 2 i 20 R A R 06 R Z Sz, Wil dn <t = 37 A1 W 2 473 il RoR FE A i 3 N
4 AN ANYE RIS S, AR N G SR BRI N I TR R 4 I HE S, Blin AR D FIATE E 5T
2020-03-14 11 2020-07-21 AN A T 4 FIBEREE, AT B T 2020-12-02 38 A A 4 KBRS EE, AR 4 F 2020
FEFN 2021 F LR 5 R I PRI 4 ) 3RO R (BERE 2,4,8,C,2020-01-01) (87 3,4,C,D,E,2021-01-01). EA-%
AR N R IL 3L 8 276 AN, I I BRES B2 2 2014-10-01 £ 2021-08-04. 33 1 FL IS 2 48 32 42 it WL 4t B 89% Fr %
PEE NI, FRBARENRIEEMMRE. R 2 Bon T Z0 5 5 G B EE 542 5 400 A T 1 5 B 5
PRI G HE, R PX TTHD RN X TR R (NP )L AL

H A, CB67 ¥4 4 ©.IT U5 £ https:/github.com/zirui-chen/CB67.

5.2 BGRBFLIEIGE

1T H AT 3A W] B S T 0 TRRR R A A B B B IO B Y D AT B, AR S R e B[R] R Tk
0 R I N R R O AR R, ARRE TR B R SIS i R S B B, i — P i k H RR g A B RA R
[F] TCH 0% Z HOE AR R AT UL
(1)  m-TransHP!: ¥ TransH Bkt 0y B E L0k R, @ HUZHN 2 0% RIATEREL, #1347
5 BRBLRR I X R A L 2 BAETE AT AT 43
(2) m-CP™: CP (canonical polyadic)s i /& — P X b AL FE — J0 ¢ R (K56 T 9k & 40 10 7 25, m-CP A58 A )
A LA GNAE AT I 08 R, SIS S0 188 P 1) 0% R A
(3) m-DistMult™: %} DistMult HIiEHATY &, K EMR » mEZ A E LK R, ULSLI K Al

HIF 55
(4) HSimplE®?: 22 SimplE A () 5 K, % B EMRIE STARLE R R 5% 2ot B0 P R R AL B, N SEik iR
BEA ] BN R AL

(5) HypER?\: Shysiz k78 5 i P 8 4 b AR AN A A (0 60 B 2% 51— AN AR 7 B B B R e ds, AR
I o7 £ (10 S A D A 7 7 e 2% SR AR SRR ON, B S 5 R RIS B NI 0 R B, 7 AR R n i
TEAE 2
(6) RAMUZ: 3x 7 H A0 iR B AR T 1 SOTA MERY MR M STk £ (8 2 TN T, AR K
AR IAAR T A B RN, BE S ARSI A B R R R R s
XA AT TR AN A B 2 R 0 % RN SRR AT S EORAR, BRI & BUTE JF17K HE4E LI i
B 2 B0 52 BRSE B I S5 5 TN B 78 0, BT 49 S0 208 F T AR B PE R L. AR BB 5 A FH B e R
i} A B AR B AT R B I 25
5.3 1N IEFR
7E CB67 HdE % I, T E % HEZ MRR Ay dh & Hits@k (k=1,3,10)1X 7 AN T4 78 br 5o 45 80 14 R k47
WAL, FORFETEINR: G — AP REES, H b BaRRE R TR — AP ER. X+ hHrE
i FHISEAER e, R E—{e;} FISEARBAT B 4, MIfiMIE HE S g B PR, XSG H T — MR T
I EA I b ALE @ B R B S NJ(h). 2 Hy(h)={h}ON,(h), rank(h)FErIETVE5) & () T8
WIER b 7E H (W) RIHEES . & r AR FRILIER b SRR R, cond()NFIFREL, A& MFROIREN 1, &
MI{E A 0. MRR 1 Hits@k AR5 A 240 5A
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1 Aol
Y h; Pz::lmnkp(h)’

heH ey

MRR

7]

> Zcond(mnkp (hHh<k)
Hits @k = 2 e 2! S
-

heH g,

54 SLWLER

MY VA 2T 0 R P R B B T B THM RO ek, JRATIAFE 7 LR 5 AN il .

(1) QU: ALK F s F B > 0 VLR P 4 A0 15 5 1) R UL EE PR B N BB M8 8 0000 46 7P B A5 IR 1
THM #5558 15 3545 58 00 00 T 4 SR 2

2) Q2 YUWEANFITTHKART EERTM, 7RSS THM A1 ARE R SOTA AR
RAM (¥4 BER I ] 2 72

(3)  Q3: THM HH ) B 75 &5 R R HRL L 50 25 A0 30 A B A 2 765 AL EEASS B 14 201 6 2 75 A9 i 2 0000 205 2 S A PO 8 T
772

(4) Q4: THM BLH S HOMB & B =BG AR, it — D mBi A iz (hEE 12

(5) Q5: MM AFEHES IR T ESYIZE, THM AR 5 B S M2

(1) Q1: THM ()4 % 1.

3T THM A5 BRI S0 i i (16 3l 1 13 1 56 28 58 A 7E B4 25 CB67 Lkt LU i s Bt 45

®3OEERTNGE R

7Y MRR Hit@l Hit@3 Hit@10
m-TransH  0.063  0.053  0.065 0.076
m-CP 0.196 0.171  0.215 0.234

m-DistMult 0238  0.216  0.256 0.268

HSimplE 0.222 0.199 0.236 0.257

HypE 0.214 0.193 0.228 0.246

RAM 0.221 0.192 0.237 0.267

THM 0.257 0.235 0.281 0.289
TG LA R K, ASCHR P THM AEEBLTE 7 508 B R 5 L AT B VRN e AR S8 T 2R 2R Y. 7t
MRR & ¥R =, THM R 5 T 50 PUEB RN ) SOTA K8 RAM 42 FF T 14.01%, % W1 iZ M8 G865 47 20 )
FH I 2 8 300 B A5 B 58 OB S BAE 5%, ST Ha 82 R i A5 B RCR . AR R 3 Sedn g R B
T L SRR P B AR I R R O AR R SIS ORI AN B A, N T TR S A A R0 A A B SRR AR
RN S B, 3B EE 78 3 ) FH I 8 3 ke A IR IS 7 20 2545 50 DL S8 R 2 T I 7 e R ] 5 A ) A 4 Tt
M. NE SRS BB MESN, RAM & HATHI SOTA AR, (B {245 B 78 25 S B i) 2 I 3 e 1 ) S s 4
CB67 LIySes g R Box, HAER P BEE S N ITBUS I 8CR H4E R . 0k, THM W EUFRRLE R,
ZREFMIBE RN RS CB67 BiREM E R, HILZM RN EZEFFEZ: CB67 Hiidh /i
J TR 2L PN P S A 4 TR S A I NI T D 336 366 T 5, T Al 248 %o e TR ST A A €8 19 AN [ T 43 T S A B E 1 AL
&) — B P B 3 A TR SEAR AT R B AH R M . 90, B i (ERY. 3,4,C,D,E,2021-01-01), BR T AF 4%
ANEREE AR RE P ABRATSN G 3 A EH R AL SRR AR A B R AR, H e S IR R ZE R
TETF N ZAERLEE (I [RS8 R AN, ESET SN, AT RAM 5 225 RSk A1 (65 2 IR 1R, THM 34 SE 7RI
7 58 R NSRRI A5 73 B A B TE S REFH R CB67 Hid 88 v Iy 3 BB A S AR 7 AE IS [A] B R 22 . S Be B sk
— BRI R A R B B R R A SRR R R RN B I . ABNES A R B A R A
RAM 5 5K T THM 11 32 B2 5 R 7E T 5 £ RAM A EU AR SO N 7 TR i — 25 38 9 Sk hr B A5 R
TR S A AR SO BN S RN TT I, W58 2% A B IE AR S m BN B, a0 LRg R, THM
F5E B SR AT A M 1 R P 2 T SR RN TR T 0 R i R S S WS B S5 R, SE RN T I 3 Jn R I kR I RS
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BAENBhASRN, IRE— @ LB A PG BN &, 720 R 2R B &k B P E R,
DA 50 B 42 TOUI0 (1 6 R

(2) Q2: THM 7EA R JGHC R T B RER I

B 3 WoR T THM fEARRKRICE T 000 RE. HAE CB67 ARICRH FRERIL—5, @l T
RAM AL e85 n i P B bR DUAR X B 55, 162 T 303 & B o B A A s, Rk n &
R 2 PAETTH R TR B 5E; AN, THM £ ek AR E3A 7T EZEMER, XBIET
HAEZ UK R LRz

035 MRR(RAM)
Hits@I(RAM)
e MRR(THM)
0.30 m— Hits@I(THM)
025
0.20 +
1=3
=]
& 0.15
&
0.10 +
0.05 -
0 = = — —
27T 37T 47T S5TRIME

RETH
Bl 3 AFESCARIECT K0 fE

(3) Q3: VHEhSLL:.

T BEAE S AR B BE BRI, AR SCEEF THM BEELBETT T7 6 AR, £ 4 A L R A R AR A 4y
BIONGEGEN . AR, AiRE . IR EMRE ., SR RE. R 4 70, THM BERE S i de b -1
T H 6 AN, Bikth, i Hits@1 fa b5 5, THM SRR T2 R FIEE T T 8.93%. 94.47%. 95.32%.
1.70%. 2.12%- 93.61%. 4R, BRAMEA] — MR SRR RUR A 22, HAHL T 200 R - & 0 715 B
BEATREHE T, AR S A RN A RO B 4. 30K 3 HH 50 285 1R N AR T A A 28 AT 0 T 00 T 2 A B 115 8,
T A5 B BN T SIS A B E 5 (5 B RE, $RTHE B v A, THM AR FR S ERN I [R5 B B TR AR
A A5 1R 0 R A0 e B S 5 0¢ R R 22 B K S S B R R) R R AR A g

R4 CB6T Hdlnfe L Ah L I8 45 R

Y MRR Hit@l Hit@3 Hit@10
THM-S 0233 0214 0.251 0.259
THM-F 0.014 0.013 0016  0.017
THM-W  0.010 0.011  0.016  0.016
THM-SF 0253 0231  0.273 0.279

THM-SW 0251 0230 0274  0.281
THM-FW  0.016 0.015 0017  0.018
THM-SFW 0257  0.235  0.281 0.289

(4) Q4: THM J& B 17 7V it L 4 L 4.

FUAT KB B A R 1R 5 5 R I R0 P A e 0L A B 5, T 02 A T W 2 e e 2 B
N T Wil THM 76540 77 T 02630, 7EIZ60 7 b PR 5 R TR0 5 e LA LS. 1 d(a)
4(b) 175 B2 T LA MRR AR A S I 25 B 2. B 5 U 25 03 A HEAT, MRR 8 AR7E 2t B4 T} I 38
B FUCHIOIR A % TSR A, 6 BT 300 2K 300-700 Yok (R 117 5 5 Bt M1 S AR IR, 36E 700 1K 7%
115 TR T,
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0.3
3.00 | ok
025 |
2.50
0.20 [ |
2.00
L Bl |
& 015 % 1.50[
2 .
0.10 [ 1.00[
0.05 | 0.50 [
| MRR r
0 9 200 400 600 800 1000 0 9 200 400 600 800 1000
AU AR EL
(a) MRR vs. 4R (b) 12K vs. EARUEL

K4 M MRR MR KSR TG IR

(5) Q5: THM & #EtE.
N T ERAE THM AR @ ke i, BRI BT 3 MBS ——MNYESE d. TURFEZR g LLABE R
AL 3 ANYEE, 7E CB67 HUE4E Loy Wit 2 4 e it vk e RE I g . & R N4EIE de {50,100,150,200,250,300,
350,400}, FiCRFER ge{2,4,6,8,10,12,14,16} UL KB AR Ll A€ {0,0.2,0.4,0.6,0.8,1}, 34T 5401
. 5(a) AT AN [l RN 4R FE R RS R R AT 2 P o o A i N A 2 P 38 v, SRS 1M e 1 S 3R A PR
PTFE, FEMNLEREIES] 300 JFSLEL T 4 MEREFRAR 1R,
. S(b)FTA AR SRR T P RPE R T R B, AT WL: FORBEZER NS THM RV AR 2 m EE il 1%
S HUT AR M R T 5 R AR E [, A2 BRI FURFE R AR = A K MR RE I 22 57
o HE 5(0)FiRAAREZNARN LA T R R IT R B, WL BhA IR BN THM B8R —AN80R
BURIIFE SR, ESHA N E BRI, A58 3 5 5] B A U B N S 45015 2, i B & 3
AN G T &, BALE 4 TR b5 6 P R W R 4R T (R 93 S B KT 0.8 J5, HEAIHRE
SRR W, RIS SEME BRGNS B AT S FHE R B T o A, T ik b pE s M
P B 2 50T REXT AL 55 S oo WO 2 B0 T AR S b B2 17 10 R AN () F) HRLAE.

0.3 03 ¥
- R -5 T Aecccoloeols 53
- - A -
025 [ 025 @ - — -u
020 [ 0.20 [
il s
& o015 [ & o015 [
1t 1t
0.10 [ 0.10 [
—@— Hits@! —@— Hits@l
—A&—  Hits@3 —&— Hits@3
0.05 [ Hits@10 0.05 [ Hits@10
—l— MRR —@— MRR
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0 100 200 300 400 0 2 4 6 8 10 12 14 16
[ONEE iHE3 FORRE %
O G INGE ¥ JEssiraiol 2 (b) 205 TR 2 6 T A B
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020 | :
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—A—  His@ |

0.05 [ Hits@10 |

—— MRR :
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EIEN 1 INER ]

(©) ZHEHHRN LLHIX AR A
K5 ZHUSE > Hr(8R)

6 = &

AR ST I R PR A S SR AN I R R P B R IS Y THM, B8 R I e i R
BAGHEE, BRFLERNMENAERRUARRSLAMORFRERGER, R, AP RE R
AN FELE, ERE EBE KA EFR, P58 LR S P RN 1) 5 A s 2 (R SRR AE, R A
I A E T DA AN S B, $—TT TR TNAE S R RE SR AR, RIS, AFEAE EIEW] T THM R A
ARV R MR W RE. A, B AT E SRR T E N PRI ESESE CB67, R
P BT TORESCIGVRAG. SEIG S5 RAR ], THM R 8 75 I Fr &N 1R 181 800 4 b A R0t H AT B 52 FNAE 55

AR ATAT (KIIF 7E 77 150 A 3 K If e R R PR A Dy — A 52 B 0 s 2 B HEAT B AR PR S, T AR 0 1T ¥ 2 b
S GBI P RACA GG HK, LIRS, P X AR UIZREE A I TRD BT ) SE AR 5 R AT A
RALHIBE .

References:

[1] Wang X, Zou L, Wang CK, Peng P, Feng ZY. Research on knowledge graph data management: A survey. Ruan Jian Xue Bao/
Journal of Software, 2019, 30(7): 2139-2174 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5841.htm [doi:
10.13328/j.cnki.jos.005841]

[2] Bollacker K, Evans C, Paritosh P, Sturge T, Taylor J. Freebase: A collaboratively created graph database for structuring human
knowledge. In: Proc. of the 2008 ACM SIGMOD Int’l Conf. on Management of Data. New York: Association for Computing
Machinery, 2008. 1247-1250.

[3] Wen J, Li J, Mao Y, Chen S, Zhang R. On the representation and embedding of knowledge bases beyond binary relations.
arXiv:1604.08642, 2016.

[4] Fatemi B, Taslakian P, Vazquez D, Poole D. Knowledge hypergraphs: Prediction beyond binary relations. arXiv:1906.00137, 2019.

[5] Ernst P, Siu A, Weikum G. Highlife: Higher-arity fact harvesting. In: Proc. of the 2018 World Wide Web Conf. Int’l World Wide
Web Conf. Steering Committee, 2018. 1013-1022.

[6] Zhang F, Yuan NJ, Lian D, Xie X, Ma WY. Collaborative knowledge base embedding for recommender systems. In: Proc. of the
22nd ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. New York: Association for Computing Machinery,
2016. 353-362.

[7] Lukovnikov D, Fischer A, Lehmann J, Auer S. Neural network-based question answering over knowledge graphs on word and
character level. In: Proc. of the 26th Int’l Conf. on World Wide Web. Int’l World Wide Web Conf. Steering Committee, 2017.
1211-1220.

© TEBREEEEIEDT  htp/ www. jos. org. cn



4546 AR 2023 55 34 K% 104

[8] Hou ZN, Jin XL, Chen JY, Guan SP, Wang YZ, Cheng XQ. Survey of interpretable reasoning on knowledge graphs. Ruan Jian Xue
Bao/Journal of Software, 2022, 33(12): 4644—4667 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6522.htm
[doi: 10.13328/j.cnki.jos.006522]

[9] Yang DH, He T, Wang HZ, Wang JB. Survey on knowledge graph embedding learning. Ruan Jian Xue Bao/Journal of Software,
2022, 33(9): 3370-3390 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6426.htm [doi: 10.13328/j.cnki.jos.
006426]

[10] Richardson M, Domingos P. Markov logic networks. Machine Learning, 2006, 62(1): 107-136.

[11] Wang Z, Zhang J, Feng J, Chen Z. Knowledge graph embedding by translating on hyperplanes. In: Proc. of the AAAI Conf. on
Artificial Intelligence. Palo Alto: AAAIL 2014. 1112-1119.

[12] Liu Y, Yao Q, Li Y. Role-aware modeling for n-ary relational knowledge bases. In: Proc. of the Web Conf. 2021. New York:
Association for Computing Machinery, 2021. 2660-2671.

[13] XuF, HeF, Xie E, Li L. Fast OBDD reordering using neural message passing on hypergraph. arXiv:1811.02178, 2018.

[14] Hu BD, Wang XG, Wang XY, Song ML, Chen C. Survey on hypergraph learning: Algorithm classification and application analysis.
Ruan Jian Xue Bao/Journal of Software, 2022, 33(2): 498-523 (in Chinese with English abstract). http://www.jos.org.cn/1000-
9825/6353.htm [doi: 10.13328/j.cnki.jos.006353]

[15] Yang B, Yih WT, He X, Gao J, Deng L. Embedding entities and relations for learning and inference in knowledge bases. arXiv:
1412.6575, 2014.

[16] Trivedi R, Dai H, Wang Y, Song L. Know-evolve: Deep temporal reasoning for dynamic knowledge graphs. In: Proc. of the Int’l
Conf. on Machine Learning. 2017. 3462-3471.

[17] Garcia-Duran A, Dumanci¢ S, Niepert M. Learning sequence encoders for temporal knowledge graph completion. arXiv:1809.
03202, 2018.

[18] Bordes A, Usunier N, Garcia-Duran A, Weston J, Yakhnenko O. Translating embeddings for modeling multi-relational data. In:
Proc. of the 26th Int’l Conf. on Neural Information Processing Systems. New York: Curran Associates, Inc., 2013. 2787-2795.

[19] Leblay J, Chekol MW. Deriving validity time in knowledge graph. In: Companion Proc. of the the Web Conf. 2018. Int’l World
Wide Web Conf. Steering Committee, 2018. 1771-1776.

[20] Sadeghian A, Armandpour M, Colas A, Wang DZ. ChronoR: Rotation based temporal knowledge graph embedding. In: Proc. of the
AAALI Conf. on Artificial Intelligence. Palo Alto: AAAI 2021. 6471-6479.

[21] Schlichtkrull M, Kipf TN, Bloem P, Berg RV, Titov I, Welling M. Modeling relational data with graph convolutional networks. In:
Proc. of the European Semantic Web Conf. Cham: Springer, 2018. 593-607.

[22] Li Z, Jin X, Li W, Guan S, Guo J, Shen H, Wang Y, Cheng X. Temporal knowledge graph reasoning based on evolutional
representation learning. In: Proc. of the 44th Int’l ACM SIGIR Conf. on Research and Development in Information Retrieval. New
York: Association for Computing Machinery, 2021. 408-417.

[23] Kazemi SM, Buchman D, Kersting K, Natarajan S, Poole D. Relational logistic regression. In: Proc. of the 14th Int’l Conf. on the
Principles of Knowledge Representation and Reasoning. Vancouver: University of British Columbia, 2014.

[24] Zhang R, Li J, Mei J, Mao Y. Scalable instance reconstruction in knowledge bases via relatedness affiliated embedding. In: Proc. of
the 2018 World Wide Web Conf. Int’l World Wide Web Conf. Steering Committee, 2018. 1185-1194.

[25] Abboud R, Ceylan I, Lukasiewicz T, Salvatori T. Boxe: A box embedding model for knowledge base completion. In: Advances in
Neural Information Processing Systems. New York: Curran Associates, Inc., 2020. 9649-9661.

[26] LiuY, Yao Q, Li Y. Generalizing tensor decomposition for n-ary relational knowledge bases. In: Proc. of the Web Conf. New York:
Association for Computing Machinery, 2020. 1104-1114.

[27] Balazevi¢ I, Allen C, Hospedales TM. Tucker: Tensor factorization for knowledge graph completion. arXiv:1901.09590, 2019.

[28] Hitchcock FL. The expression of a tensor or a polyadic as a sum of products. Journal of Mathematics and Physics, 1927, 6(1-4):
164-189.

[29] Fatemi B, Taslakian P, Vazquez D, Poole D. Knowledge hypergraphs: Prediction beyond binary relations. arXiv:1906.00137, 2019.

[30] Kazemi SM, Poole D. Simple embedding for link prediction in knowledge graphs. In: Advances in Neural Information Processing

Systems. Red Hook: Curran Associates Inc., 2018. 4289-4300.

© TEBREEEEIEDT  htp/ www. jos. org. cn



W& 5 @G ] e 6 e iR A2 B 4R IETRN) 4547

[31] Di 8, Yao Q, Chen L. Searching to sparsify tensor decomposition for n-ary relational data. In: Proc. of the Web Conf. New York:
Association for Computing Machinery, 2021. 4043-4054.

[32] Guan S, Jin X, Wang Y, Cheng X. Link prediction on n-ary relational data. In: Proc. of the World Wide Web Conf. New York:
Association for Computing Machinery, 2019. 583-593.

[33] Rosso P, Yang D, Cudré-Mauroux P. Beyond triplets: Hyper-relational knowledge graph embedding for link prediction. In: Proc. of
the Web Conf. New York: Association for Computing Machinery, 2020. 1885-1896.

[34] Guan S, Jin X, Guo J, Wang Y, Cheng X. Neuinfer: Knowledge inference on n-ary facts. In: Proc. of the 58th Annual Meeting of
the Association for Computational Linguistics. Association for Computational Linguistics, 2020. 6141-6151.

[35] Galkin M, Trivedi P, Maheshwari G, Usbeck R, Lehmann J. Message passing for hyper-relational knowledge graphs. arXiv:2009.
10847, 2020.

B HH 325 3 STRiK:

[1] E&, 404, TRb, 20, HER. AR RS EYE & R gl 45k, 2019, 30(7): 2139-2174. http://www.jos.org.cn/
1000-9825/5841.htm [doi: 10.13328/j.cnki jos.005841]

[8] i, /A, BRER, B2EH, Foos, B, AR EE v R 5 0R . AR E R, 2022, 33(12): 4644-4667.
http://www.jos.org.cn/1000-9825/6522 . htm [doi: 10.13328/j.cnki.jos.006522]

[91 WaZte, (¥, FEE, T4, A E G BRI 0 Rt R, 54k, 2022, 33(9): 3370-3390. http://www.jos.org.
¢n/1000-9825/6426.htm [doi: 10.13328/j.cnki jos.006426]

[14] HASEAE, FHiR, EHF, KRR, Bra. BES%I5R: FiEaR 5N, Sk, 2022, 33(2): 498-523. http://www.
jos.org.cn/1000-9825/6353htm [doi: 10.13328/j.cnki.jos.006353]

BRFE(1998—), J, tli4, I ZHF 59 WAME(1996—), B, wit, MK
WONARER R 2], KENE S A, ‘ BONARER RS 2, kiR R A

EZ181-), B, ft, #R, L&
S, CCF A4 R, FZRF 5N Fn
T e, RO A, K EE o A
AL H.

EiEF0997—), 5, Wwit, FEHAN
HWOA KR ER RS,

FRBA998—), B, Wit, CCF 44
By, AW AU R IR R R 2

© HFBIERAIEIFIDN  hipsswww. jos. org. en



