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Surface to Deeper: Universal Entity Alignment Approach Focusing on Surface Information

ZHENG Bai-Chuan, CHEN Kai, LI Sheng-Hui, LI Bing-Qian, ZHANG Ning
(School of Cyber Science and Engineering, Huazhong University of Science and Technology, Wuhan 430062, China)

Abstract: Entity alignment (EA) tasks are pivotal in the integration of knowledge graphs. The most édvénced research has
introduced external knowledge (attribute texts, timestamps, image information, ete.) and multimiodal methods, achieving
relatively high accuracy. However, these methods often have a strong dependénce on specific structures, which limits
their applicability in the entity alignment tasks of knowledge grabhs with different structures. Therefore, this study
proposes a universal knowledge graph alignment approach that utilizes the information of shared entity, relationship, and
graph structure of knowledge graphs which are called surface information as they can be directly observed in knowledge
graphs. An embedding generation module and an alignment module are included in the proposed method, and the former
uses the Transformer model to (;apture the inherent semantics of entities and the contributions of their neighbors while the
latter achieves high-performance and stable alignment through a matching algorithm. Experiment results show that the
proposed method has achieved the best performance in the alignment scenarios among multiple mainstream knowledge
graphs, demonstrating stability and strong interpretability. The code used in this study can be obtained at https://
github.com/zb1tree/TGEA.
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cost_matrix(i, j) = ||Hs(e;) — Hy(€)ll> ®)
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H1% 1. Hugary Pre—alignment algorithm

i \: & : the set of embeddings of entities in &;; & :'the set of
embeddings of entities in &, .
HHi: E;: the set of pre-aligned entities in &;; E2 Aithe set of pre-aligned

entities in &,. v
i

1. for ¢; €& do :
2. forejeé&rdo

3. cost_matrix(ij)=lle;—e;ll>

4. end

5. end

6. step 1:

7. for row € cost_matrix do

8. find the smallest element and subtract it from every element in
its row

9. step 2:

10.  for element € cost_matrix do

11. find a zero (Z) in the resulting matrix

12. if there is no starred zero in its row or column

13. star Z

14. step 3:

15.  for row € cost_matrix do

16. if the row contain a 0* -

17. cover the row ¥
18. if |&] rows are covered s "

19. goto RESULT | ©

20. step 4:

21. find a noncovered zero and prime it

22. ifno 0* in the row containing this primed zero
23. goto step 5

24. else

25. for exists uncovered zero do

26. cover this row

27. uncover the row containing the 0*
28. save the smallest uncovered value

29. goto step 6
30. step S:
31. fora 0’ that has 0* inits column do

292 i H K& Research and Development

32. Let Z0 represent the uncovered 0’ found in step 4
33. Let Zldenote the 0* in the column of Z0
34. Let Z2 denote the 0’ in the row of Z1 (there will always be one)

35.  unstar each 0*

36. star each 0

37. erase all primes

38. uncover every line in the matrix

39. goto step 3

40. step 6:

41. add the value found in step 4 to every element of each covered
row

42.  subtract it from every element of each u‘t}coVered column
43. goto step 4 :

44. RESULT: \

e

“‘ - 1, if cost_matrix(i,j) = 0*
45. marked_matrix(i,j) =
\ 0, else

46.for'ic|E;| do
47. append ¢; € & to Ey, where marked_matrix(i, j)=1
48. Er=6E,

333 SRR AR

SR SRR SEAR AR R RN, HIER S H
A 1 S A B SRF 380 A [5] £ ) 2 25 1], A 903 S 4 ] 7 B
P B 25 ) 7 79 A S 4 1) A R IR S % G i el ek, B
ESRRE, PTREMERR O, T T ERA TR A 4R A B 4 R
55 BI4m 5.

BiGRU H AN J7 191 (1) GRU W 45 2H i, ] DA ] B
SRR AR S B b4 GRU #E & — i
BT —ANEH]. Eﬁljﬁﬁ%ﬂulﬂ%m ZE B
JEE, BT 142 i 2R 2 B A ORI . 2

JE S, 1@u’~;&ﬁﬁ’]%ﬂl‘%%ﬂk?\jﬂx,, £ b
TEHTH TR . BB 2 B 5 A
AL RS B, b Er A

ri=o0(W,x;+Ush;_1 +b,) 9

hy = tanh(Wx;) + U(r; © hy—y +by,) (10)
o, W, U, b ATTIGAERE 24, o3RoR Sigmoid PRZL,
h BB PR A RIS, BN )2 2 5 N AT AR R RN
(1) B ERRAE, TR R A

ZtZU-(WZ.xt‘i‘Uzl’lt_l‘i‘bz) (11)

hi=(—-z)Oh_1 +z,0h (12)

BiGRU X 7 & 7ML AR 77 40 o S 4 ) =5 2
1% L BiGRU Bt /B A, g — ME R
=, A A 2 AR T ER Rt A JE SEAR I TR,
RIvE= R 45w SR AR & SR BN, VE B ) 230
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HEITEIR:
_exp(wy)
T ING))
exp(w;)
i=1
w, RN AR R AR B DT ERVE 4, v RAE R S

A~

wy=hl-h (14)

Ho, 7l BiGRU HI 5 — AN H B ey 3575, 5
TIEN:

ay

(13)

h = MLP(hne)) (15)
PATHIRL Y AL SR A AT S5 25 AR A e 1
KRN, (e):

INe|

Hy(e)= ) by (16)
=1

RATHSMT ST — N Ho@ B A sk % 215
BURIAT (2 B, F03 3019 3 5B 1 R sz ik 1
BN He (o) RS0y

H,(¢) = MLP(H(e)|H,(e)) (17)

HTREBE, XRABEURREEEELAR
L D1 55 BRI A1 L, BRATAE B T B K ST
)\Hem:

Hent(e) = Hr(e)|Hs(e)|Hc(e) (18)
Horh | RN R . T T I £ N IO G
B9 SR BRI, 3 LA It 1 8 A S 1% 55 1
AR

4 SEE

BAVHAT 7 RERIL, I 5 &kt k47
Ped. EART A TKE & B AN LI &, R
T 28 AR SEIR AR AN ST
4.1 KIGHHE

VA A SC T v, RATTAE R AN T iz A% i 254 4
EHEAT 7 525 DBP15KP" A1 SRPRSP!. DBP15K #2
WH PSS EA 5454, 14 B DBpedia. DBpedia
FE T F AR K 22 A0 R 2 —, E L K iR
P& NG EL T, RO T &8k, MER SR
51K R (13 FF. DBpedia M4ESE G R 4% BLAMEUH
SR, LomsmgE s | RHH R Ae 71, HKe HoAh s
R B YR R XA S BT — AT
JHCA R P S, AT AR ELEC b AN A DBP1SK

£ M DBpedia "FHREUH 3 D238 S Badk, B+
-FE (ZH-EN). HiE-3830 (JA-EN) AEiE-38 3¢
(FR-EN). FAMNEHEEA S 15000 MEE S 8B 5%
) TN ATNER. DBP1SK A HANRAS, 58 B AR
VK 1 i, s 11 W2 A 52 BE R B IS B ). R T 7
fEH 5 OB AT HO A, FRAT TG B 11 R s AT 56
SRPRS & — AN |72 A i 110 Sz A xof 5% 2 i A4 45,
£ /N B E S B 4E EN-DE A1 EN-FR, UL K AN
Zutly 4 4 DBP-WD (DW) #1 DBP-YG (DY). H %
V2 MU 2 M. DBpedia AL, B 5K SR 2 5
Jil$2I H DBpedia.  Wikipedia®' Al YAGO. Wikipedia
(A FE B ) Wikidata, Wikidata & — 2%, HME.
AR 1B P, S A S R A B LA S 4 i
FARIE . Wikidata H 8 /2 R AT 2 )5, RRVFEIF 2
ARG EHL B, ok, BEH BT
FH T Mk H A e i s e 24 5 505 g 66 i A\ 4
I, A0A P N O AN B RN O HL R R 20
F 1, Wikidata S8 AR R 5 #4795, YAGO
F 72 ] 4T 7T BT 2007 SERFH, SRR T 4R R
wordNet Al GeoNames iX 3 > RIE 1 HE, & IBM Ik
AR RN 5 3 AR 2R 22—, YAGO F)FH R0 %o 4 32 v
FFSEAR M infobox HEAT HlEX, 38 o S5 4 248 5ol H D 44) 4
R AR-SARSAR- IR OC R, 3R 1 JEAR TR AERL

TS L\
AR
Datasets Typey Language Entities Relations Triples
§ “ZH 1 1701 144
ke 9388 70 70
X EN 19572 1323 95142
s JA 19814 1299 77214
DBPISK  JA-EN
EN 19780 1153 93484
FR 19661 903 105998
FR-EN
EN 19993 1208 115722
EN 15000 221 36508
EN-FR
FR 15000 177 33532
EN 15000 222 38363
EN-DE
DE 15000 120 37377
SRPRS
DBP 15000 253 38421
DBP-WD
WD 15000 144 40159
DBP 15000 223 33748
DBP-YG
YG 15000 30 36569

4.2 1TfhIEFR

FAEH Hits@1, Hits@10 LA K& MRR (mean
reciprocal ranking) E AN TR 45, Hits@k (k=1, 10) £
Tt 2 FH o v B T000 285 5 o M 3R s R IR & AN 45 2R
A5 BRI 5 e, TR R N
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|{e,~|ei € &1 Arank; < k}|
1611 1
Forr, rank; 2 7R VR SR e 00 LR H AR AR AE 45 R 41 3%
EPE]’\JﬁFM, XM R AT . MRR 7€ SCHERINZR P IE
il U 5 PR HR AL (R ) P 248, TR AR K (20), X
AL TR & 8 v A
&1

MRR =
[E1] Zl 1 mnk

Hits@k =

(20)

43 XWIZE

TEREN ARG, BATLL 1:2:7 (1 Ee g &1 23 36 AE
. IGHEMNAIRE. 7525+, RATH BERT ST
F P e KA B ] 52 D 128, J& PR ANBEER 4 /N A 8,

%%ﬁk*ﬁﬁ%ﬁ@%ﬁkd% 256. {EIEE T Hits@l

o

(7 EMAT 7 B, T AT AT 3. A T 38
IR, BATIIX HoH B L8 T A2 B ik
X5 (MMKG) 75, 4% SDEA!'Y. BERT-INTP,
EVAI', MSNEAPYHI MEAformer™, & 75 14t A1 1 (1)
7 T E AT 68 R P 2 T 2 75 T DA T 40
ERHER R, N AN, MMEA TiE4RA S
gE g X Fh O 1k Bl RS ] Transformer A5 % R U6 ik
N, FE FLFRF T A 25 000 S v I 2 £ J IR, 72 S ot
%ﬁWWﬁTﬁ%%?%%ﬁ&%ﬂ%
45 LIWLER
¢vﬁﬁﬁﬁm%¥%%¥pﬁﬁz¢&m%ﬁ
7 16 DBPISK B4 #.de 11 5230 45 0 5 HoAth BA 73
HEAF T W, IF AR T —FR LR ) MMEA 773 1952

52 5 ICASE IS, IR FE 2 1k st AR XS, fE3R 3 HhIRATTSE B T 7R A Bhik i
4.4 l:tiscﬁli - ) SRPRS %4l % By SLie 45 R, FFF4 H 75 HAlk
FATH B 2022 fﬁu DBP15k Fil SRPRS Yyt if EA J73% M MMEA J7: 1% Ee.
j ! # 2 7£ DBPI5K L [Rszias i
o ik e BTN
Hits@]1 Hits@10 MRR Hits@]1 Hits@10  MRR Hits@] Hits@10  MRR
MTransE 20.9 51.2 0.31 25 57.2 0.36 24.7 57.7 0.36
JAPE-Stru 37.2 68.9 0.48 329 63.8 0.43 29.3 61.7 0.4
. JAPE 414 74.1 0.53 36.5 69.5 0.48 31.8 66.8 0.44
Trans series
NANE 385 63.5 0.47 353 61.3 0.44 30.8 59.6 0.4
BootEA 61.4 84.1 0.69 57.3 82.9 0.66 58.5 84.5 0.68
TransEdge 75.3 92.4 0.81 74.6 92.4 0.81 77 94.2 0.83
Long-term dependency IPTransE 332 64.5 0.43 29 59.5 0.39 24.5, \.,: 56.8 0.35
RSN4EA 58 81.1 0.66 57.4 79.9 0.65 61.2° & 84.1 0.69
GCN 39.8 72 0.51 40 72.9 0.51 “38.9 74.9 0.51
GCN-Align 434 76.2 0.55 42.7 263 -0.54 41.1 77.2 0.53
MuGNN 47 83.5 0.59 48.3 85.6° 0.61 49.1 86.7 0.62
GCN based KECG 47.7 83.6 0.6 4‘1?.2 84.4 0.61 48.5 84.9 0.61
HMAN 56.1 85.9 0.67 7557 86 0.67 55 87.6 0.66
RDGCN 69.7 842 0.75 76.3 89.7 0.81 87.3 95 0.9
HGCN 70.8 - 84 0.76 75.8 88.9 0.81 88.8 95.9 091
CEA . 719 85.4 0.77 78.5 90.5 0.83 92.8 98.1 0.95
Literal TGEA (Ours) 88.9 95.9 0.91 83.3 92.9 0.86 98.3 99.7 0.99
I w/opa. 83.3 94.4 0.87 80.4 92.2 84.6 96.2 99.2 0.97
BERT-INT 81.4 83.7 0.82 80.6 83.5 0.82 98.7 99.2 0.99
MSNEA 85.8 93.5 0.89 92.1 97.3 0.93 95.3 99 0.97
MMEA EVA 88.3 96.7 0.91 93 98.5 0.97 96.8 99.5 0.97
SDEA 87 96.6 0.91 84.8 95.2 0.89 96.9 99.5 0.98
MEA former 94.9 99.3 0.96 97.8 99.9 0.98 99.1 100 1
(1) %%, RAVS 16 MIELIRIMEARBLA N (ur) TEBNZ I 1% R+ 7= 0. i 7,

441, 5 1 4172 Trans K751, Trans F 7100 & B T B 345
RN SR A2 PR 21 [7] — AN 28], 9 B2 T Nk
AT SEARXS 55, X R TR SR 5 Ok R IR R 9 ]
BEAT JUAAT 52 2% &, 40 TransE J5 5\ N = Je 4% B
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TRESKSEAR, KB, BRSNS M KR [l & MTransE™
JAPEP' 5 NAEAPY 4 °M TransE 77 A8 44, {H 2 A

FIHR R TTE E IR (X2 TEIRS) A
DLALFE BR] ok 55 JE 241G, BootEASEFH T Boot-
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i H AR SN A

strap RIS SREUHE AL (K% N\, TransEdge!* 7 5% 2
BT TR E 28 R AR, B 1 AR B
iR

52 4RI TKIAMm J7v2:, IX K TTVELE Trans
FA ) FE A b 3E I % AR T S AR TR (R X R OG &R H 2
X RTTIEFFARE MR A SR 2 ) - 2Bk, vk 3
BONERAE R 25 5

B3 RE T EIMAE M1 vk, 5 Trans R
ABL, [FAE 0 ST Ak Bl 81 4 N 2 [, (EL 2 AN X S 5 58
RIATHH RIS R A 2R s BT RAEF AR GCNP
5 GCN-Align™"#5) K 25 f& T Se ik o] (3% B2 M A% J8 0%
BENT I (96 R T, A AR 2. MuGCNPY, KECGHY
A HMANP2H 223803 0 57 b B b (0 s 596 R 45 8,

HUAE T B B RDGON Mo T o8 B Sk 15 %
ROV 5 1, 36 AT AE AR AT 78 45
{3 . HMAN it 76 7R [ 2 v _EHEAT B B 1, 1%
S B A RV T A 2, AN 2 1 5 = 3 1 924
L.

5 4 AN T SR 9 R AT, CEADY (A % i
R B S 58 SCR BRI . F A5 9 MMEA
R T VE SUE B R TE AR
FLAh, P I P T P AR 10 A1 S
A TR | e

() 2. 722 BRI /7778 DBPISK o
(BT 6 BR BT (£ G577 5, 15 Hits@) 4545 F35 5]
T 5% 17% AEERIHTE, 15 MMEA J7 324,

%3 {f SRPRS | [yszisst i

e Ly EN-FR +* EN-DE D-W D-Y
Hil Jrik Hits@]1 'Hits@lO MRR Hits@! Hits@l0 MRR Hits@l Hits@l0 MRR Hits@l Hits@l0 MRR
MTransE = 21.3 44.7 0.29 10.7 24.8 0.16 18.8 38.2 0.26 19.6 40.1 0.27
. JAPE-Stru 24.1 53.3 0.34 30.2 57.8 0.30 21.0 48.5 0.30 21.5 51.6 0.32
. JAPE 24.1 54.4 0.34 26.8 54.7 0.31 21.2 50.2 0.31 19.3 50.0 0.30
Trans series
NANE 17.7 41.6 0.26 30.7 53.5 0.26 18.2 42.9 0.26 19.5 45.1 0.28
BootEA 36.5 64.9 0.46 50.3 73.2 0.48 38.4 66.7 0.48 38.1 65.1 0.47
TransEdge 40.0 67.5 0.49 55.6 75.3 0.63 46.1 73.8 0.56 443 69.9 0.53
Longterm dependency IPTransE 12.4 30.1 0.18 13.5 31.6 0.20 10.1 26.2 0.16 10.3 26.0 0.16
- RSN4EA 35.0 63.6 0.44 48.4 72.9 0.57 39.1 66.3 0.48 39.3 66.5 0.49
GCN 243 52.2 0.34 38.5 60.0 0.46 29.1 55.6 0.38 31.9 58.6 0.41
GCN-Align 29.6 59.2 0.40 42.8 66.2 0.51 32.7 61.1 0.42 347 64.0 0.45
MuGNN 13.1 342 0.20 24.5 43.1 0.31 15.1 36.6 0.22 % 17‘;5 38.0 0.24
GCN based KECG 29.8 61.6 0.40 44 .4 70.7 0.54 32.3 64.6 043 135.0 65.1 0.45
HMAN 40.0 70.5 0.50 52.8 77.8 0.62 433 74.4 0.54 46.1 76.5 0.56
RDGCN 67.2 76.7 0.71 77.9 88.6 0.82 . 974 " 0d 0.98 99.0 99.7 0.99
HGCN 67.0 77.0 0.71 76.3 86.3 0.80 \ 98:'9 99.9 0.99 99.1 99.7 1.00
CEA 93.3 97.4 0.95 94.5 98.00  0.96 99.9 1.0 1.00 99.9 1.0 1.00
Literal TGEA (Ours) 97.8 98.7 0.98 97.\1 98.3 . 0.98 82.8 87.8 0.85 99.9 1.0 1.00
w/o pa. 93.8 97.0 0.95 96.4 98.6 0.97 63.2 72.7 0.66 99.9 1.0 1.00
BERT-INT 97.1 97.5 _0.97 98.6 98.8 0.99 99.6 99.7 1.00 100.0 100.0 1.00
MSNEA 87.9 L 945 0.90 89.6 96.9 0.92 94.2 98.6 0.96 97.1 99.8 0.98
MMEA EVA + 937 99.1 0.96 95.6 99.3 0.97 97.9 99.8 0.99 99.5 99.9 1.00
«WSDEA‘ 96.6 98.6 0.97 96.8 98.9 0.98 98.0 99.6 0.99 99.9 1.0 1.00
" MEAformer  96.2 99.8 0.98 97.3 99.8 0.98 99.1 100 1.00 99.6 100 1.00

R 3 BoRARSOITIEAE 4 MEHERE T 3 A ERCR

U TR G 7 vk HAFE %, SRPRS $ 4 4 L
DBPI15K ¥ &g, Kt Trans 2507565, T KK
T 55T GON R = T E 1) N, &
R X L 7 yFo0) B S RS B A B . 5 kA
S, BT E ST ERUR BT, XA T R TR E
5 R JTVEAE R ERAE BN R I AR e, [ B  BE TR 1K
U7 VELE AR B B RN T T2 5 52 B M S T

(3) THRhSELS. 7R 2 1L 3 1, ATH w/o pa. &
7N T TH SIS g5 B A LLSE AR AR, w/o pa. IRASTH % T
TN F b, 45 R BLEIR A TN SR T R, 4%
SCTTVEMIRAE KB 73 B4l 4R v 4915E T B 2k 7E I T
XPFAEYE, AT R L3RS T 3 — 2Tt

5 45iE

AR SRR T AR BT SO 5 APk, I
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e 7 — PG B8 A 5 7% ——Transformer-based
generic entity alignment (TGEA). 1% J5 V238 i F1) FH 110
Pl A P B A 285 ), AN IO TR I B S R, A%
i AR R T T RS A ) R P T 5 ) . AR L
INEAE BN B L TR0 S ASE B AN S A0 SR A5 Bk,
FerpiR ASEEOR] A Transformer A28 A $2 SEAA 1) i A7
B SR AR R B DTHR, TGS S5 R e i s ) %) 5 R
SRR /D W P T, T SE AR SR U@ i BiGRU 1
TR IHLH AR i 2 1 SEAA RN

TR AE U AR B 18] (150 55 3 s i sk B, 3R
ANER] T TGEA JjiEAE 2 MNP br LI sBl 1 Jaidk
PERE, EIL 1 HAEAS B 5008 45 b1 RS e PR A AT e 12k
LA, bS50 3 — D IOE T TN ST B R 3R T X 5%
R R EEAEH.

SR UL, TGEA 7515 8 AR B st 5541
SR T — R RS AU 7 R, 3 PR
PEAE FAE 52 B B LA T2 AN A, FRATTIH R X —
W E Re WS HE B R iR EHE AL S BOR IR J&, I A AR KT
BT AR ) B A T AL

S 30k
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