y oA O3 7 4 2026 4 5 55
hom B ij tE AR A DOI;:10. 20009/j. cnki. 21-1106/TP. 2025-0181 S RSH
Journal of Chinese Computer Systems Vol.47 No.5 2026

HE F Transformer F135 44 = =) B9 B 7 S00 B & b & 5 %
kTR E B, BER AR, REE

VORFB TR SRR FsE, 178 b 030600)
TORFILT R MR TRRERE, ILTE T 030600)

E-mail ; xiejun@ tyut. edu. cn

B OE: ANAAS AR B EEEF AR KESRB R AR AR HERZ 6P, Rk T —F 4 4 Transform-
er FniRAL 3 M0 A St B EAN AR AR R E T R T — A S ERBRYIE E R W%, 5 R
BREETIHBERHEFSBEIABCAEMA. HL,HF B RBENR BEZANSEHAEEEAN X RLT
bR T AR ] B AR AR A ok, B2 BT U440 4 )] Transformer H30 %80 S E4 55, R T REERBE
R Bk, Sh4EIR S B AR SR 1T ER 2 L AT Sh VR TR, 4290 T IR A A b, e sh AT 3t B0 Al 55 M P, TR RN T —
AR R BRI AL BN R B R SRR ERBARIR SRR R A RAR AL RS A4 A
NTEHEIEE B IH o F AT, B R AV TR 44454 MRR # Hits@ k L3 &7 397 TR I

% 7 B ARE RS #4584k 2% 5 ; Transformer ; 3 i R %

HmESHEE . TP91 SCERERINAD : A X EF 4 2.1000-1220( 2026 ) 05-1108-09

Temporal Knowledge Graph Completion Method Based on Transformer and Reinforcement
Learning
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Abstract ; Aiming at the problem that the existing temporal knowledge graph reasoning has insufficient ability to capture long-distance
dependencies and lack of interpretability, a temporal knowledge graph completion model combining Transformer and reinforcement
learning is proposed. This model uses reinforcement learning to design a new highly interpretive strategy network,which is composed
of three core components ; time-aware encoder, path context encoder and action scoring device. First, the time-aware encoder uses the
self attention mechanism to embed the time information into the relational representation, which enhances the ability to deal with the
time dynamics; Secondly,the path context encoder uses Transformer to efficiently encode historical event sequences, capturing long-
distance dependencies ; Thirdly,the action scorer uses the two-way gated cycle unit to predict actions,which improves the accuracy of
prediction. In addition, for the problem of reward sparsity , the proposed model introduces a new reward function, which comprehensive-
ly considers time shaping reward, path length reward and path diversity reward ,and provides more detailed feedback to optimize path
selection. This paper compares the proposed model with the existing advanced methods on four public datasets, and the results show
that the proposed model is effective in evaluating the MRR and Hits@ k. Compared with the baseline method,the above method has
improved.

Keywords :temporal knowledge graph completion ;reinforcement learning ; Transformer ;reward function
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2)DE-SimpleE™ . %71 F 2020 47 G 37 ¥ 315 FH 7 5
SLARER A, 7 TKG A 56 [ 5 9 SRR T Zh 2R AE .

3)RE-NET-'*). % J7 T 2020 4F42 4 F) TG EF 22 I 4%
X 3 SRR A TR

4)CyGNet'™ . %y i TF 2021 4E T — A& Hl 42 AL
Al TR e v A R A

S)GHT'"'. % itk T 2022 FH|RHEAE R HFLRES
Transformer R4 25 & 17 B AL B 35 H A IR 4.

6) TPath'"* . %7 (6 T 2021 4R4 i T fd i LSTM F13& 4k
27 S HEBR AR 5 AR I MR

7) TAgent" 7 T 2021 4EF] FIHR fb 2% 3 R 5 6 4
KR BRI FHRRIEWTE R, HR AT —Fr T4 HLH K
YR YRS E.

8) Tlter' ™. %7 ¥k T 2021 448t A FI3BAL 2 3 SR %
S TEAR.

9) HierarT-™ . %77 2T 2024 4303 2 IR AL 3R 122 > 6
TR AR Ay 6 2 M BN SC A FE 2.

10) MPNet'™™! . %75 5 T 2024 4543 51 A SCARFISE R B4
7 T A RS e P 24 T < T A A s Bl AR,

4.3 HmASEE

4 T ST TeRL 51700 1 4141 17 %o 1 R ) TT R 2 , o

17 7R SeEs. LI ICEWS18 B4 kv, A kit 76 4
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Table 2 Ablation study results( % )
yiRis MRR Hits@1 Hits@3 Hits@ 10
TeRL w/0 TAE 28.05 19.72  31.47 44.05
TeRL w/0 PCE 30.11  22.01 33.78 45.27
TeRL w/0 ASL 29.94 21.95 33.49 44.78
TeRL w/0 TSR 28.89 21.36 32.21 43.10
TeRL w/0 PLR 29.69 21.59 33.24 44.72
TeRL w/0 PDR 30.28 22.24 34.12 45.21
TeRL 33.45 23.85 36.87 50.05

1) TeRL w/o TAE: FR I T 7 BAA S5, (U %
B S R .

2)TeRL w/o PCE: RARHH T ¥ b F 4, (U
R 261022 JE R B AR AR B o R4 B S .

3)TeRL w/o ASL:RRHIR T SIEEA 28, (LI
By LSTM {4 BiGRU 47 S E T AY A 4.

4) TeRL w/o TSR : F74 I A9H S5 M B L5 o B
RS TE.

5)TeRL w/o PLR  F 774 I 6 KA SR M BT L% o B
R IR IS,

6)TeRL w/o PDR : 27 ¢ I 1 % P %2 i M 7 20 %2l
RERREEE.

M 2 AT LAt , %2 B TAE PCE 1 ASL /5 (KR 15
MRR il Hits@ k $447 |- @3 F TeRL . 15 TAE 5
{70 S 3% ICEWS1S 1 Hits@ 10 3§/ T 6. 0% , X =W FI
17328 9 B A R A1 26 R A S BB 7 TKGC
MR 0122 5T B 17, AT BY T TeRL AS5780 5 Ml 3 2 PR LE T 2R,
28 PCE J5 iy B A § 2t ICEWS18 A Hits@ 10 3% 2> T
4.78% , R 5 6 2. % 2B A HLAR b, 44 A Transformer g
Bt FF SO AR A O I ROR L SR B,
% ASL J5 U BU%I 75 MRR 1 Hits@ k $57 1 @ 34 T 5214
TeRL Ry 2. ;X F WA b+ LSTM, {5 A BiGRU By a1k

PRoa BE 6 TE G MO A HE I 1 R AR 22 R T 3h 4E B ) A
k.

Zk TSR J5 YR B! 3 3 ICEWS18 & Hits@ 10 ¥ /0 T
6.95% , X R[N A 5 it [ BRI i , Touk AR U e B A
iR BE P9 B9 R IR T TKG B4 4 f8. K% PLR J5 /Y
fEAI S 2 ICEWS18 H Hits@ 10 3§ /0T 5.33% , X EE N &=
BRERAC I BERG , BAE R BE A AR B IR ], i R BEARTIA
TRHEAR BTG T ARG L. Bk PDR J5 R
SEICEWS1S # Hits@ 10 /b 1 4. 84% , X R b E R
BRI R R TR RS RE, AR T
FRELB SRR, FEE IR AR AR,
RS T HEHE A MR 2.

£5 BB, TeRL S A iif /32 B A 4 s 4 B A2 BT S
TAs BRI 45 LS B B0 % ol bR K A 45— VAR XA 2
BERRTHE R T A AT SR FE R
4.4 ¥fLbsRE

N T BAE TeRL AU RN , 48 30 5 HoAbSE AR RIfE 4
AN FFEUHE & ICEWS14 | ICEWS18 , Wikidatal 2k , YAGO11k
FI_EREATRS B, X o0 L AR A A A AT LASr A 3 41 6T
WY TKGC BER B TR 2R 4% 59 TKGC SMERLEL L K 5
TRl B9 TKGC SMERLRL, SCR SRR AR 3 FIk 4 Fin.
A TeRL $AL S YIa AT BIEE RO 6. W4 3 fik 4 B
7~ ,TeRL 7 ICEWS14 . ICEWS18 , Wikidatal2k Fl YAGOI11k4
ML EM MRR H5r 51K 8] T 4. 74% , 33.45%
83.18% ,89. 88% , A b T Z A~ sk AL 2 > B vER T 7 39
MRR {EFH#EE T 2.11,2.96,5.34,1. 66 N EH A8 X—55
SRARW], TeRL 7R 8 fAHh 2 1V 05 T T BUA 0 #9316
7275k, L HAE Wikidatal 2k $i¥iasR BRI B F.

M3 IR 4 1 HIFBLRE, A LLAERT HH BUR 4 4
458

1) #E4A b AMER) TKGC BERIBURIEA FALTER 1
TN TKGC LR, 33002 RN N A2 22 1 I ] J s
XTI A S Y A

%3 ICEWSI14 #1 ICEWSIS8 $iR&E 1 4] LI 4558 (% )
Table 3 Comparative experimental results on the ICEWS14 and ICEWS18 datasets( % )

B ICEWS14 ICEWS18
Jrgk MRR  His@1 His®3 Hits@10 MRR  Hits@1 Hits@3 Hits@ 10

TTransE 13.43 9.4 17.32 34.55 8.31 1.92 8.56 21.89
DE-SimpleE  32.67 24.43 35.69 49.11 19.30 11.53 21.86 34.80
RE-NET 38.28 28.68 41.34 54.52 28.81 19.05 32.44 47.51
CyGNet 32.73 23.69 36.31 50.67 24.93 15.90 28.28 42.61
GHT 37.40 27.77 41.66 56.19 27.40 18.08 30.76 45.76
Tpath 38.9 29.4 42.5 54.6 27.4 21.1 31.3 42.8
TAgent 39.1 30.7 43.2 55.2 27.2 20. 1 30.7 42.3
Tlter 40.9 32.1 45.5 57.6 29.98 22.05 33.46 44.83
HierarT 43,24 34,14 48.27 60. 66 31.00 21,92 34.96 48.85
MPNet 43.76 34.85 48.32 60. 61 - - - -
TeRL(ours) 44.74 34.99 50.38 61.83 33.45 23.85 36.87 50.05

i AR SOBE R S g 25 R B AR T ROR IR , IRABES R FRIZR W R, -7 BRI SCP b SL s R
BRIAR T L T+ RE-NET #2502 R 24 1 fil g & 5K
AT S P51 Hh B Bl A A vl s S 2o LRI AR

2) ASCER I AR A TeRL TEFTA WM 45 EERL T4 2
YLEL T2 P 2% R SMIE LA AR A , AT 3, A SR SR A
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WS, Bt — 2R AR SUT SRAR T B4 T 4 4 b B I B
ES ¥

3)ASCHE B TeRL 7EFTA PN IR AR EREAERL T
5 3 HEET R AL S B SMEE LA XN 4 TeRL #ER
H B B RS L B, (AR T BE A B 1 AR T i
BRI R TR RROR.

4y ARSI R E Wikidatal2k F1 YAGO11k g &
R SR B O B . X AT B2 R Oy Wikidatal2k I YA-
GOllk RAMBMAIREE R E , 08 T8 HEEMR
B, NS ERAKE , TeRL BRI GBS B 4740 15 X L A% B0

BErss, @ 1T B2 AR RE A SCR I TR
ZHGEIR LRI @, HTE YAGOL 1k HiESEH Hits@ 3 18478
Jr T R e T MPNet B8, 53X —BIZR M 4 T MPNet £
B 53530 A SE A1 5 38 191 T S A SR g 100 4%, S e AL 36 7
Hits@3 X283 AU AL B2 IR A B 35 40 L B A LE, L HAE
YAGO11k JX 5 SR F A i 0 R 35 25 4 B0 A B 5
Pese s, R MPNet B KA REHMHREER. MILZ
T ASCHTREEAITE Hits@ 1 il Hits@ 10 #8473 LR BE M, &
AR AT M S R e LA R R R BB R T EAL T
MPNet.

F# 4 wikidatal2k 1 YAGO11k $0iE4E FXF B 4E R (% )
Table 4 Comparative experimental results on the Wikidatal2k and YAGO11k datasets( % )

HatE ICEWS14 ICEWS18
i MRR Hits@ 1 Hits@3  Hits@ 10 MRR Hits@ 1 Hits@3  Hits@ 10
TTransE 29.27 21.67 34.43 42.39 31.19 18.12 40.91 51.21
DE-SimpleE 45.43 42.6 47.71 49.55 54.91 51.61 57.30 60.17
RE-NET 49. 66 46. 88 51.19 53.48 58.02 53.06 61.08 66.29
CyGNet 33.89 29.06 36.10 41.86 52.07 45.36 56.12 63.77
GHT - - - - - - - -
Tpath - - - - - - - -
TAgent 27.66 17.51 - 46.68 - - - -
TIter 75.50 72.96 77.49 79.02 87.47 84.89 89.96 90.27
HierarT 78.50 76.14 80.87 81.51 87.55 85.14 90.07 90.32
MPNet 79.54 76. 14 82.45 84.13 89. 66 87.00 92.23 92.59
TeRL(ours) 83.18 82.03 84.70 86.22 89.88 88.02 91.19 92,61

T8 A ORI S B R B IR T RCR IR R RS R PRI MR, - 7 R U SOP SR ET R

4.5 HRESKE ST

1) AR KB TR AL 0 o IR B R I A R — 1>
BEREEMFE. SLHRIEAFER S TKG i, nf A 24k 2
BB R AR AR BRI N E . DA SO PR HE B
AR EE p=12,3,4,5,6,7,8 | M iUk or A o BB HHK
TERER RIS 5] B0 #E BB 42 1K p 75 ICEWS14 Fil Wikida-
tal2k ¥ ge Bx TR BRI N , SEIRAL R ANE 4 FR.

90
81.53 82.13 81.78 81.21
80 Bg3.18 8?04 805.80 a

70

. —&— Wikidatal 2k
E 60 -eo-ICEWSI14
= 50
40914174 40,67 4055
40 o TEE T s
) N < L
1 2 3 4 5 6 7 8 9
Bk E

B4 BRI AR
Fig.4 Effect of path length on model performance

ME 4 BRLUE Y, fE ICEWS14 Bidm s £ p Oy 3 i,
BRI AR PR, HE— P30 p I A SR Y
&7t T p =4 B W BUKIE TR, B85 2B Eh 3. X 2
AT KR HEB AR 2 T B IR R B RO 2 2RI 0, A
TR RS A XE. o 1 SR A B ) B e, 7 SCAE Wiikida-
tal2k Bk EtAT T EESLE SREEE LR R E A F

R 45 SRR 4 R R R P SRR AR AE p O 3 PR
AL

2) it s N e T i b ) ARE R SRS )
HRNE—TBEERERE R EZENR. 8 T IRANR
RLESEBCR LT R B BAR I, AR G T A
(] g Ko sl (R AU RETE ICEWS14 SR AR b VEAT AU Ar. B
PRSRL , MRS R E NV st B 110,20,30,40,50,60, 70}
AR FC A A 2 S Ak .

45

4174
40.95_m_40.9341.07
10754039
a0f ;
38.19

ll() ZIO 3I0 4I0 5I0 6I0 7I0 8IO
e R
B EkafEgR R M R A RN
Fig.5 Effect of the number of candidate actions on

MRR/%

model performance
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TeRL 3R i34k 2 > AR, # TKGC 52 SO — 4T /R F
RIFGS R, FF TN B SR R B AT AR HE R T
EOULH 7R TeRL ASLRL G faf 1) FT A2 AT HE AR 6, AR SC I
BT ICEWSI4 S 2 iy 3 N EBR R, A2 T H
TeRL BRI B HERL B4, N3R5 .

1) TeRL 8 2 {5575 )8 5 75 ) 35 S AR SR ) By SR B4 F
51 AT F IR H Y Y ST 4 ( Citizen ( Yemen ) , Use
unconventional violence , Armed Rebel ( Yemen ) ,2014-06-28 ) ,
HEW B ARSE AR BUFI T, TeRL BEZY 25 H L o i — SR HERE PR A2
R 5 P, W LAE B TeRL ¥ T 2014 £4£6 H 21 HERY
TR AR — T, (X R IATE FRE B % 18
I ¥ivicgia [P G

2) TeRL KR AEAE F1 F I ] f5 B X S A AL 3. NSRS

] DLE S B VRS AH R A R S5 4R Citizen ( Yeren )
F1%Z Use unconventional violence , ME— A [B] ({12 B AT 07 B
B RS, 4332 2014 426 H 28 HF12014 4 11 A 11 H. X F
F1 -2, #1218 17 Use unconventional violence-1 3% 4 #|
Armed Rebel( Yemen) , % T4 2 ~2rif), W28 & Carry out
suicide bombing 3% T Combatant ( Houthis ) , 3% {5 ] TeRL
B REAE AR X 43 3T I A5 SR B ER A 2R

3) TeRL HEARIAR4E £ 3E b bR R S M E S
AFR(15) Pizm, 2 TeRL IR AMLRE Y S AEA N, 28 a,
SR RS PRTLIE I, X T4 3 21 ( Kazakhstan, Ex-
press intent to cooperate, China, 2014-12-14), & ¥ a, K
0. 95, L FHI P20 1 W InAL R F (43549 0. 35 F10.45).
XRERE X R BF, TeRL 5 2 H AR T 52 4 8] 1 % &
AR B E B] P 5 AR B R B AR XERBRT A
HNGE, SRERAHET BEWEXFER, FEER G
BRI ERER.

#F 5 ICEWS14 HrERHfE s n] 1k
Table 5 Path visualization on ICEWS14
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IR AL oy

( Citizen ( Yemen ) , Use unconventional vio-
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(Citizen ( Yemen ) , Use unconventional vio-
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