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Entity Alignment Optimization Method for Multiple Knowledge Graphs Fusion

WANG Shuo, LI Ke, LIZelin
(Smart City College, Beijing Union University, Beijing 100101, China)

[ Abstract] Entity Alignment (EA) is a key step in the fusion of Knowledge Graphs (KGs). Existing EA methods
only consider EA between two KGs, whereas manysScenarios require the EA across multiple KGs. Existing
methods transform the EA tasks of multiple KGs_toysevéral pairwise EA tasks, while ignoring the inherent
connections and constraints among equivalent entities across all KGs. To address this problem, based on an
analysis of existing EA optimization methods, Entity/Alignment Optimization for Multiple knowledge Graphs
Fusion (MGEAO) is proposed by leveraging the trahsitivity constraints of equivalent entities across multiple KGs.
A general framework for EA optimization across multiple KGs is proposed by combining it with existing pairwise
EA methods. First, the pre-alignment mattix for each KG pair is computed on the basis of entity embeddings. The
matrix is then corrected to obtain ‘the\final alignment through multiple KGs alignment optimization, which
integrates Bidirectional Normalization (BN), Deferred Acceptance Algorithm (DAA), Relation-Entity Aware
adjustment (REA) and Trdnsitivity Constrained Optimization (TCO). Experiments on the DBP15K, FBI15K, and
YAGOI15K datasets indicatesthat the performance is significantly improved in relation to that of baseline EA
models, i.e., Hits@1 and Hits@10 are improved by up to 18.8 and 18.05 percentage points, respectively.
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Table 2 Alignment optimization and adjustment algorithms

in entity alignment models
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Table 3 Statistics for various datasets BN A

Bl sE TR E KEHE SRR THEE
DBP15K (1) 19 388 1701 70 414
DBP15K o (3) 34 342 2121 210 864
DBP15K g () 19 661 1299 105 998
FBI5K 14 951 1367 592 213
DBI5K 12 842 263 99 028
YAGOI15K 15 404 32 122 886
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Fig.5 Distribution of entities in datasets
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Table 4 Comparison of entity alignment results in cross-lingual datasets
Model ZH-EN FR-EN ZH-FR
Hits@1/% Hits@10/% MRR Hits@1/% Hits@10/% MRR Hits@1/% Hits@10/% MRR
RAGA 89.72 94. 85 0.914 2 96. 35 98.21 0.969 7 86.92 93.77 0.891 5
RAGA+MGEAO 92. 89 96. 71 0.942 4 97. 64 98.91 0.980 8 94.79 96. 72 0.954 4
TTEA 89. 90 95. 10 0.916 9 96. 72 98.70 0.973 9 88. 82 94. 06 0. 906 4
TTEA+MGEAO 93. 14 97. 15 0.945 5 98. 04 99. 26 0.984 6 95. 41 97.09 0.959 5
OTIEA 89. 71 94. 92 0.915 0 97.00 98. 87 0.976 5 87.98 94. 46 0.901 3
OTIEA-+MGEAO 93. 04 97. 11 0.944 7 98. 16 99. 37 0.986 0 95.48 97. 30 0. 960 7
MCLEA 96. 84 98. 76 0.975 1 99. 48 99. 82 0.996 1 95. 63 98. 14 0.965 0
MCLEA+MGEAO 97. 82 99. 22 0.9835 99. 71 99.91 0.998 0 98.72 99.23 0.989 6
MOGNN 95. 58 97. 46 0.962 4 99. 42 99.72 0.995 3 95.12 9%, 30 0.957 8
MOGNN+MGEAO 96. 24 97.90 0. 968 2 99. 56 99. 77 0.996 5 98.03 98. 72 0.9825
MHEA 98. 11 99. 25 0.984 9 99. 46 99. 86 0.996 1 97. 67 99.13 0.981 8
MHEA-+MGEAO 98. 44 99. 45 0.988 1 99. 61 99. 90 0.997 1 99.16 99. 56 0.993 3
Improve best/percentage points 3.33 2.19 0.297 0 1.32 0.70 or111 0 7.87 3.03 0.062 9
il S 1 T2 ST O Bkt — 5 AR Ak 7
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Fig.6 Comparison of entity alignment results

in cross-lingual KGs

3R 4 LU et & BALTE i A MGEAO
JEPEREAF R T W T b Hits@1, Hits@ 10
A MRR 43 51 i K AT 42 55 7. 87.3. 03 H 4 45 fil
0.062 9, iEM] T iAb T ik A 8PE. T ATy
et A0 5000 4 5 i 2 1) 3090 A AR T S AR i [
FEfE — 26 22 5, H oW T X b 4% 3k 28 B8 AU R
MGEAO &b # 5 ) 1 8 22 5 . I A SCX 6 A~ 3
LA AT T 2B

Al LA 2] FR-EN 945 #5 $2 7+ #H 4 T ZH-FR
Al ZH-EN B&AIG, R PRUE iE B g h & 2 1 X
R I ERABAI RS O 2R, BT A
. ZH-FR 2% 30 48 b5 46 5 s 38 43 s DX AT g
2 FR TR B AR X 5 1 R A X 5 S AR T
ZH-EN F1 FR-EN HviA 4 & K a8 5 43 X 55 5244 1
32 M 24 R A B T 22 0 2 A0 Ak 4 X 5% S AR
MTE ZH-FR (35 b FHE O AR . BTk, A

TRXFFF , B 456 5 S A A 1E Al XoF 5 2 el 35 43 X 5%
SR XS FEPERE R T
MAEARAY 245 R Eok A FHits@ 1 #4078 45
%, B 2x #2 7F 3 1 WHits @ 1 A8 3 89 K %, 1
FHits@1 (R 243 WHits@1 3 21 $ 75 A
P HEbRI TR A L E  FHits@ 1 £ X0 1Y & 4 %)
FESLA T WHits@ 1 B 5% (1) 2 42 X6 55 SR FER 43
X FF SR J5 3 4RI T K i ARG 4 T
JEARBH B, WHits@1 (925 R AR T Z BE X 57
MR AR K, A e AR T i — e T
MGEAO 1A 5%
4.4.2 XFHSZE 2(FB-DB-YAGO %t#42)

AT 3 — 4 7E B4 4 FBISK, DBISK M
YAGOI5K w75 [ 33 1) SE AR 55 S 56, 25 3R 4n
5 PR, ATLLAE W IMA MGEAO 5485396
AE AR . Hr Hits@1, Hits@10 F1 MRR
Febr o ) B K AT R T 18, 8, 18. 05 43 A5 A
0.184 6, A L F % 7 FBI5K-DB15K f FB15K-



5245 £5H/2026 £5 R/ATENTRE

147
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Table 5 Comparison of entity alignment results in cross-graph datasets

FB15K-DB15K

FB15K-YAGO15K DBI5K-YAGO15K

Modd Hits@1/% Hits@10/%  MRR Hits@1/% Hits@10/%  MRR Hits@1/% Hits@10/%  MRR
RAGA 63. 94 71. 34 0.667 6 53.15 57.75 0.550 0 99. 20 99. 43 0.992 9
RAGA+MGEAO 71. 42 77.18 0.736 0 69. 50 72.26 0.706 0 99.24 99. 43 0.993 2
TTEA 65. 03 73. 60 0.6830 58.33 64. 81 0.607 1 99. 39 99. 48 0.994 4
TTEA-+MGEAO 74.53 80. 88 0.769 8 73.51 77.58 0.751 0 99. 39 99:.48 0.994 4
OTIEA 66. 67 75. 04 0.697 5 59. 54 66. 41 0.622 9 99. 62 99. 67 0.996 5
OTIEA-+MGEAO 75. 66 81.74 0.778 3 74. 68 78. 74 0.763 1 99. 67 99.72 0.996 9
MCLEA 81.78 90. 93 0.849 3 75. 44 88. 34 0.798 5 99. 48 99. 62 0.9955
MCLEA+MGEAO 87. 66 94. 16 0.899 0 86.78 93.75 0.891 2 99.53 99. 62 0.995 8
MOGNN 60. 12 64. 06 0.616 4 46. 54 48. 68 0.474 3 99.53 99. 58 0.995 4
MOGNN-+MGEAO 67.10 70. 52 0.684 1 64. 81 66. 06 0.6532 99. 53 99. 58 0.995 4
MHEA 62. 69 65. 58 0.637 6 48. 46 50. L1 0.492°6 99. 53 99. 53 0.995 3
MHEA+MGEAO 70. 25 72.82 0.711 6 67.26 68.16 0. 677 2 99. 53 99. 53 0.995 3
Improve best/percentage points 9. 50 7.28 0.086 8 18. 80 185,05 0,184 6 0. 05 0. 05 0. 000 4
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Fig.7 Comparison of entity alignment performance of TCO under different processing methods
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Table 6 Comparison of experimental results of different alignment optimization methods
Model ZH-EN FR-EN ZH-FR
ode
Hits@1/% Hits@10/% MRR Hits@1/% Hits@10/% MRR Hits@1/% Hits@10/% MRR
BN 77.98 93.12 0.834 8 87.23 96. 19 0. 906 1 73. 84 91. 95 0. 803 0
DAA 86. 87 93. 83 0.891 8 93. 67 96. 98 0.947 9 83.93 92.75 0.868 7
REA 81.71 95.19 0. 868 5 88. 17 97. 30 0.916 2 77.45 93. 55 0.8327
TCO 79.70 93. 31 0.847 1 89. 88 96. 86 0.924 7 81. 60 93.11 0.858 0
BN-+DAA 89. 72 94. 85 0.914 2 96. 35 98. 21 0.969 7 86. 92 93. 77 0.891 5
REA+TCO 82. 65 95. 34 0.874 8 89. 87 97.63 0.928 2 85. 43 95. 05 0. 888 8
BN+DAA+REA 92.24 96. 43 0.937 2 97.15 98.75 0.976 9 89. 29 95.19 0.912 6
BN-+DAA+TCO 90. 56 95.18 0.920 9 97.08 98. 49 0.975 3 92. 90 95. 45 0.937 6
MGEAO 92.89 96.71 0.942 4 97. 64 98.91 0.980 8 94.79 96..72 0.954 4
5 #RiE SE 3
}ﬂﬁ E{J%%iﬁg}(ﬁ}'ﬁ:*ﬁﬂﬁﬁ{lﬁmﬁﬁ\giﬂg [1] CAOY X, WANG X, HE X'N, et al. Unifying knowledge
N s R graph leafning_and recommendation: towards a better
350 P A BN g 3 :
)R AL 55 ORI H B2 K T[] SR 5 understanding(of user preferences [C] //Proceedings of the
% 3 ,'%.%?&Ef u;[%% [giﬂérﬁ] E@Xﬂ‘%,{f %%ﬂ:jﬁ%/l\ World Wide Web./Conference. New York, USA: ACM
Press;,2019:7151-161
i L Y ] 3 3. SR A T 4 4 N : el R
PRI A9 X 57 AL 95 0F B3R A LR BB EAT AL (o7 o Nl o st P e i B L0 561
S B A 64 120 P8 T 4 7 5 Mgl 220, 17(1); 237213
R CHEN«#X J, XIANG Y. Construction and application of
N 2 Jr g S
AR N FEROR RAESF R, Pt AR T enterprise risk knowledge graph [J]. Computer Science,
— I ) 22 0 TR R RS B S AR X 5 Ak O vk N i&?iﬁﬁéglé&: Zngziz ;i“ZCh;g:?) Vot Ml
- . N [ s , et al. ulti-tas
(MGEAO) fil— ﬁq i JEH E/‘J g lgl 1%2 9; Mi 5@ 3)? ﬁE ’f’[ﬁ *E feature  learning  for  knowledge graph  enhanced
;115 , #&i+?%ﬁ§i E/‘J;J:E;*/ﬁﬂeiilzm g [Z;{Ifé:x;]-;i:;riﬁgo iecofmmenda;ion [C]k// Pr(Xeeingl\jI of the World Wide Web
R N “onference. New York, USA: ACM Press, 2019: 2000-2010.
MGEAO # 4¢i i3 BN fl DAA )25 1 A Xt 55 78 (4] BIZER C, LEHMANN J, KOBILAROV G, et al. DBpedia-
[§$ , %ﬁﬁﬁﬁﬁ%tﬂ E{J?‘é% iﬁ:@%ﬂi}%%g% , ;FIJJEH a crystallization point for the web of data[]]. Journal of Web
N . N . . Semantics, 2009, 7(3): 154-165.
SEARFN G R 1 A HAE 2P AR SE I X 5545 [57 SUCHANEK F M, KASNECI G, WEIKUM G. YAGO: a
% , %E%?f?ﬁﬁ@ %JII—IJIJ!IJ %Eé Hj #mﬁﬁfgﬁ,ri ?/‘Jﬁi,ﬁ[‘: large ontology from Wikipedia and WordNet [J]. Journal of
. N e . < Web Semantics, 2008, 6(3): 203-217.
A ST 2 IR (8] B 32 3 S E e X 55 B T A7 [6] SPEER R, CHIN J, HAVASI C. ConceptNet 5.5: an open
&ﬁ%ﬂ%g@ E"Jg@ﬁ% I‘ETJ 9212!:5@??@%‘5 . iiﬂz%ﬂg@ multilingual graph of general knowledge [C] //Proceedings of
¥ R the AAAI Conference on Artificial Intelligence. New York,
FHAHEAR IR AE AT 1 TR 3R 2 > W 3T #4525 %) USA: ACM Press, 2017: 4444-4451.
A, fﬁﬁﬁ MGEAO fE jﬁ;ﬁéﬁﬁ}iﬁﬁ%;ﬁ i %t [7] VRANDECIC D, KROTZSCH M. Wikidata: a free
SRR A collaborative knowledgebase [J]. Communications of the
AT o ACM, 2014, 57(10): 78-85.

AYRAT 6 FhiL s 7E DBPISK Fi T (8] ‘Rer, ERK, KIE. BT ZM{E BRI A 19 AR
. PERERE B X S50 ). HHREHLT AR, 2025, 51(3): 64-75.
B8 H B9 SR X 57 S5, 7F FBISK, DBISK FlI ZHU H, WANG K R, ZHU T. Entity similarity metrics and

~ ¥ . N b AT TS M e 4E alignment method based on the wunion of multi-side
YAGO15K 584 I i 17 5 5 ) S i, B 3145 1
. .. et s . . information representations [ J |. Computer Engineering,
B PERESR T . TH R SIS | ML T 2025, 51(3): 64-75. (in Chinese)
E"Jﬁﬁ? P [9] WANG ZC, LVQS, LANXH, etal. Cross-lingual knowledge
i r . . N graph alignment via graph convolutional networks [ C] //
EE g‘::ﬁtl:ﬁ EF' ’ 4%‘/ﬁ\l&¥ﬂ}ﬁ%ﬁn'fﬂﬁﬁ§i Hb Proceedings of the 2018 Conference on Empirical Methods in
%% ijj %H ﬁ‘l J JEH g Pizl 1JE‘I{': I‘ETJ EI/‘J W 7[’£ EI/‘J *H M’ﬁ*ﬂ ,fg ﬁ ‘I‘i 2/\] ;E Natural Language Processing. Brussels, Belgium: Association for
. . . N . Computational Linguistics, 2018: 349-357.
KR AFEG AR A S R IR 22 S S LM AR [10] ZHU R B, MA M, WANG P. RAGA: relation-aware graph
PR R AT, T — T & Iglljaﬁ GBS attention networks for global entity alignment [C] //
" ) » - Proceedings of Pacific-Asia Conference on Knowledge
Xd‘;?‘l%lk He 3 lﬂ:ﬁl\ ’ 4%%ﬁﬁ%ﬁﬁk%m*%ﬁﬁ%ﬁm E/‘Jik Discovery and Data Mining. Berlin, Germany: Springer,
S F I AR | AT 32 04T 2021 501313, |
. . [11] ROTH A E. Deferred acceptance algorithms: history,
TEE&I%Tﬂﬂ}E@I’ﬁEZ# o theory, practice, and open questions [ J]. International



5245 £5H/2026 £5 R/ATENTRE

149

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Journal of Game Theory, 2008, 36(3/4): 537-569.
BORDES A, USUNIER N, GARCIA-DURAN A, et al.
Translating embeddings for modeling multi-relational data[C] //
Proceedings of the 27th International Conference on Neural
Information Processing Systems. New York, USA: ACM Press,
2013: 2787-2795.

CHEN M H, TIAN Y T, YANG M H, et al. Multilingual
knowledge graph embeddings for cross-lingual knowledge
alignment [ C] //Proceedings of the 26th International Joint
Conference on Artificial Intelligence. Melbourne, Australia:
International Joint Conferences on Artificial Intelligence
Organization, 2017: 1511-1517.

LINY K, LIU Z Y, LUAN H B, et al. Modeling relation
paths for representation learning of knowledge bases [C] //
Proceedings of the 2015 Conference on Empirical Methods in
Natural Language Processing. Lisbon, Portugal: Association
for Computational Linguistics, 2015: 705-714.

ZHU H, XIER B, LIUZY, et al. Iterative entity alignment
via joint knowledge embeddings[C] //Proceedings of the 26th
International Joint Conference on Artificial Intelligence.
Melbourne, Australia: International Joint Conferences on
Artificial Intelligence Organization, 2017: 4258-4264.
TAMNT, TRUNG HT, YINH Z, et al. Entity alignment
for knowledge graphs
networks [ J]. IEEE Transactions on Knowledge and Data
Engineering, 2022, 34(9): 4201-4214.

WU Y T, LIU X, FENG Y S, et al. Jointly learning entity

and relation representations for entity alignment [ C] //

with  multi-order convolutional

Proceedings of the 2019 Conference on Empirical Methods in
Natural Language Processing and the 9th International Joint
Conference on Natural Language Processing. Hong Kong,
China: Association for Computational Linguistics, 2019:
240-249.

WU Y T, LIU X, FENG Y S, et al. Relation-aware éntity
alignment for heterogeneous knowledge graphs [ CJ¢//
Proceedings of the 28th International Joint Cofiference on
China:
Conferences on Artificial Intelligence Organization, \ 2019:
5278-5284.

LIU FY, CHEN M H, ROTH D, et al."Visual pivoting for
(unsupervised) entity alignment [ O} //AProceedings of the
AAAI Conference on Artificial Intelligence. New York,
USA: ACM Press, 2021: 4257-4266.

MENA G, BELANGER "D, %LINDERMAN S,
Learning latent permutations with gumbel-sinkhorn networks

[EB/OL]. [2024-04-02]. https: // arxiv. org/abs/1802.

Artificial Intelligence. Macao, International Joint

et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

08665.

ZHU Y, LIU H Z, WU Z H, et al.
neighborhood matching model for entity alignment [C] //
Proceedings of the AAAI Conference on Artificial
Intelligence. New York, USA: ACM Press, 2021, 35(5):
4749-4756.

MRersm, s, R, & BT EMmEME 2 E B0
eI ALY SHEMLRNE, 2023, 50(3): 34-41.
CHENF Q, KOU J M, SU L M, et al. Multi-information
optimized entity alignment model based on graph neural
network[J]. Computer Science, 2023, 50(3): 34-41. (in
Chinese)

ZEEAE, BJRIE, BRETSR, . JET ZBE SRS 09 SE AT
FRAML]. HHEPLTR, 2024, 50(9): 142-152.

LIZL, LUZF, CHENF Q, et al. Entity alignment model
based on multi-hop information fusion [.] ].
Engineering, 2024, 50(9): 142-152. (in Chinese)
ZENG W X, ZHAO X, TANG J'Y, et al» Collective entity
alignment via adaptive featufes[Cly/Proceedings of the IEEE
36th International Conference on Data Engineering (ICDE).
Dallas, USA: IEEE Press, 2020:°1870-1873.

MAO X, WANG W T, WU Y B, et al. From alignment to
assignmentd frustratingly entity
alignment [[CJ//Procéedings of the 2021 Conference on
EmpiticalsMethods in Natural Language Processing. Punta

Relation-aware

Computer

simple  unsupervised

Cana,. Dominican Republic: Association for Computational
Linguistics 2021: 2843-2853.
MAO X, WANG W T, WU Y B,

scalable,

LightEA: a

alignment

et al.
robust, and interpretable entity
framework via three-view label propagation[ C]//Proceedings
ofithe 2022 Conference on Empirical Methods in Natural
Language Processing. Abu Dhabi, United Arab Emirates:
Association for Computational Linguistics 2022: 825-838.
ZHANG Z S, TAN C X, WANG H H, et al. Type-enhanced
ensemble triple representation via triple-aware attention for
cross-lingual entity alignment [ EB/OL]. [ 2024-04-02].
https: //arxiv. org/abs/2305.01556.

ZHANG Z S, TAN C X, ZHAO X Y, OTIEA:
ontology-enhanced triple intrinsic-correlation for cross-lingual
entity alignment [EB/OL]. [2024-04-02]. https: // arxiv.
org/abs/2305.01561.

LIN Z X, ZHANG Z H, WANG M, et al. Multi-modal
contrastive representation learning for entity alignment[C]//
Proceedings of the 29th
Computational Linguistics. Gyeongju, Republic of Korea:
Association for Computational Linguistics 2022: 2572-2584.
TG A
EHME  HER

et al.

International Conference on



