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Abstract Existing knowledge graphs (KGs) inevitably suffer from the problem of incompleteness.
One feasible approach to tackle this issue is by introducing knowledge from other KGs. During the
process of knowledge integration, entity alignment (EA), which aims to find equivalent entities in
different KGs, is the most crucial step, as entities are the pivots that connect heterogeneous KGs.
State-of-the-art EA solutions mainly rely on KG structure information for judging the equivalence of
entities, whereas most entities in real-life KGs are in low degrees and contain limited structural
information. Additionally, the lack of supervision signals also constrains the effectiveness of EA
models. In order to tackle aforementioned issues, we propose to combine entity name information,
which is not affected by entity degree, with structural information, to convey more comprehensive
signals for aligning entities. Upon this basic EA framework., we further devise a curriculum learning
based iterative training strategy to increase the scale of labelled data with confident EA pairs selected
from the results of each round. Moreover, we exploit word mover’s distance model to optimize the
utilization of entity name information and re-rank alignment results, which in turn boosts the accuracy
of EA. We evaluate our proposal on both cross-lingual and mono-lingual EA tasks against strong
existing methods, and the experimental results reveal that our solution outperforms the state-of-the-

arts by a large margin.
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SR IR R FFIZOR T XE T — EE PR AU %5, H 3
FEG SR MG SRS B B AR T8 € (8 0, B 45 1k
IR IS e R LR P IR DR T Y
IREEMERE ¢y heysmerycs. e BE M & X TR
FEXEFE T AUk 2R ] 4.1 S5 A g 0 5 k.

FE T URAR 2 27 1 3% AR 2ol P Ak s AR B A
PR B s I =X, Az B B o A Y SR SRR [ &,
77 2 TH % 5% R0 3k ol o 55 6 5 A S 0 45 SR A5 2
Ik,

5 ETHBEERENENF

BT U 2 ST B A VI ZRAE 28 B K e 32 T 32 1A
X 5 B ME R R A LSRRG L LR — i e SR
L R FH TR B B R R A SR AT L
SR FF /R

WE 2 BroR , 16 8% FE B A8 5 A i 5 A [ ) F
] i) 22 S bk L3RR o 1 A4 Hh T A B A RO ]
T B B B 5K 5 — A P TR R RO ) R
e /N B 0, 5 S 24 ] ) ) A BE B A B TR RS
5 il BT A b, 22 ) ) o A 1) X R A ) Y R R
E TP X AR AR R R E R G SR BT AR T
AT G ) B B R L AR R AR I A Nl T R A
s R I R AE — TF IR kA % kT A S A A
2 [ g B i e R X A e G SR kA R B
PRSP 4 Y5 W] 2 L SCR[30 .

ELR M L 78 5 TR 2 2 B AR U G 2 s L X
T A v ) g — A R SR SR SR B 5T — A TR
P % B B L B 1 b A SR, IR AR S B A 3%

B TR B g A A e T R B S A A s )R S A
I B P A i R P BT IS B S A 44 R R 2 4 X
(20 THEEA5 B0 1 S A 1) B DL R o 1 1 5 A % 5%
ZER.

A Guerre Name
\ Laponie
War Af Lapland
Lapland
Laponie Deg

>

Word Embedding Space

Fig. 2 Word mover’s distance model

K2 i B g

6 LWEER

ARATH RN A LR AT E  AFE SO E .
BEHE X IR DU R AR bR AR RN TE S IR
SR 55 DA T BAE SR 5 2 MMTE S L B S 4
B S HEAT R 23 BT DL 50 IR 45 IS A5 B 9 A st i
J 38 3k ZE A8 43 BT o R AR SOHE B2 BT BT A DAL
6.1 SHILBEREEIER

X F SR G R BRI, d, = 300, =3, Yl 2 300
5O REASIE B AE RS A B R T S A 4 REAE L R
A fastTextY I 25 1a] 1) £ A4 B S2 K 44 1) &, T 35
8 o 1A 1) 42 U 3@ ik MUSE 356453, Hoof fast Text [ &
K CBOW £ 83l 2545 3], 48 2 24 300 (B 4, =
300) FAF RN 5.8 1 R/N R 5. faEH R 10.
W I IEAE S K R E BB =030 TR T
PR ) BRI ZRHESL, 0, =0.03,0, = 20.c, ,
Cosrrrsc; =110,6,4,2,0) H 6 =510 fh B A A v,
h=100.

K Hits @k (b =1,10) . P K S35 HE e 48] %
(mean reciprocal rank, MRR)/E K 7 & 8 F5. % T
DR o (B — > SR MR A 5 9% S AR 2 ] 1 B
Dy AR 2 5 10K 55— 4 60 18 RT3 o ) S A A7
JP . Hits @k JCWE T HT & AN 52K b 40 8 1E 8 52K 1Y
o). R 0 3, Hies @1 ARER X 5% 19 HE ) %8 MRR &
7 IE B SE AT X5 HE 44 1 B8 BLAR Hirs @ 1 & fe
TR M FR AR, Hits @10 AT X Hirs @1 5 %h
Fu B HE R 7 vk R GRS TR IE i S 1A HE S BE B
TSR R TE B S A HE R BEBS AT 10 3 SR,
IR 23X Fh 7 vk 28 /0 4 T K TF ) S A HE D BE B T
10 3 LR 7 35 MRR 75 g $2 4L 250 A9 15 8 #h 72,
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HEER.EK Hits @k 1 MRR {E AR 3 57 I 1) 52 56
GEW ST ) Hies @k i 23 500R.
6.2 HWBERILLFE

A SCKAE EN-FR,EN-DE2 /™ 85 i 5 52 14 % 5%
Kot 42 L) B DBP-WD, DBP-YG2 A~ 838 7 52 4K it
FEEE A AR A O T R AN A s SR ME S
F 2 PR AHAE B R, SCER[ 20 148 L Z Hi A
R S AT 5 Bt 2 b B S R R B0 A R A i
1 FERTF A Bt B U R I 6 i LA A ) £k
I8 5 W0 LA T 0 A LA B B i T R 5 X

Table 2  Statistics of Triples and Entities
*2 ZnERZIEHFZITER

Dataset Source KGs % Triples # Entities
DBpedia(English) 36508 15000
EN-FR
DBpedia(French) 33532 15000
DBpedia(English) 38281 15000
EN-DE
DBpedia(German) 37069 15000
DBpedia 38421 15000
DBP-WD
Wikidata 40159 15000
DBpedia 33571 15000
DBP-YG
YAGO3 34660 15000

WAk 5 7 BT AT XS LG .

1) MTransE". 5 56 42 % H 3 B e A
(TransE) #F47 SZRXT 55 10 77 1.

2) IPTransE "™ SR FE AR ZAE QL4 T X Fra8CR.

3) BootEAM B i1 T — B 3 F Xt 55 A9 A A
TR A TR LA B H 4 R 0

4) JAPES R & PEAF B a5 k15 BT L.

5) GCN-Align"" FH GCN A& il 52 44 i) L I
5 T8 A 1] A 45 A LI 5 S A4

6) RSNs™" R 3 F 5% 22 2% 21 (0416 25 bft 2 )
25K A O A AR P S A R A L ] K R

7) GM-Align'"™ Ry B AN SR A #E 1 4 R 3 1Y
SR LI AR B 2 1 JR R AE B SR 44 15 B R
IR LB HESR.

6.3 LIWHER

3 IR T LI R AES 1 AN R WAE
BB P (MTransE , IPTransE , BootEA, RSNs),
BootEA M RSNs U 1 T 47 1y S 25 SR ik 2 Ry
BootEA F JH T 4t % 5244 X 574 45 2% 3 A9 138 151 3%
Foow o, I HLHR 0 1 28 5 W A R 48 T X 5 45
S0 RSN's 3 2 42 H 1< B B 4K 01 ¢ R DA il D 408 42
SEAAE B SRy BRAE o 2 T 2 A AR X 5 50 L AR T AE
P AT 0 4 1 X B8 5 3k Hies @ 1 {8 2 5K 8 4
50% 48 T WA S5 F REAE AR JE Z 4.

55 2 7R AT S AR JE PR AR AR SR #b FE 45 A
fE{H JAPE 5 GCN-Align # KRB LS 1 40 4F
AR 3 AT A IR s PR AR S RIOR 19 R BR M. itk 41
X2 oy b e A A5 A R AR A R T BootEA
2L &% RSNs.

Table 3 Entity Alignment Results
®3 LHENFHER

EN-FR EN-DE DBP-WD DBP-YG

Method  prjs@1 His@1o Hits@1 Hits@10 Hits@1 Hits@10 Hits@1 Hits@10
o aw MER gy MR g MRR gy gy MR
MTransE  25.1 55.1 0.35 31.2 58.6 0.40 22.3 50.1 0.32 24.6 54.0 0.34
IPTransE  25.5 55.7 0.36 31.3 59.2 0.41 23.1 51.7 0.33 22.7 50.0 0.32
BootEA 31.3 62.9 0.42 14.2 70.1 0.53 32.3 63.1 0.42 31.3 62.5 0.42
RSNs 34.8 63.7 0.45 49.7 73.3 .58 39.9 66.8 0.49 40.2 68.9 0.50
GCN-Align  15.5 34.5 0.22 25.3 16.4 0.33 17.7 37.8 0.25 19.3 11.5 0.27
JAPE 25.6 56.2 0.36 32.0 59.9 0.41 21.9 50.1 0.31 23.3 52.7 0.33

GM-Align  62.7 67.7 81.5 82.8

Our Method ~ 91.6 94.6 0.93 92.6 95.8 0.94 98.8 99.0 0.99 99.5 99.6 0.99

F3HTTEMA T EERAER 55 1AM,
RRFETE T X FF RO IEW T 92K 2 15 B 0 2k
R T R SR A AR SO T YA S GM-

Align I Fb . 76 Hits @1 $8 45 L HAS T3 20 % 1 42
T, I H A $8 hn 3 JURL, /R T 3R HE S8 A5 5%
P O 5258 285 SRR T A9 B R A Bl 2 L 6.5 749,
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Forp ol 5 B0 4 B A5 R B T B 5 F X SR 4
R PR FE TN 0 SE R 44 15 A B T S A
) S5 M

T R GM-Align To¥E 45 A A &k
SR 4 o 1) SR R X 5 45 SR R A GM-
Align ANREXT 75 3 48 ST {A iy T JG ¥ 0 % 3k 4 S 44 11y
HARHE P25 55, T & 3 R $2 it Hies @ 10 AN
MRR 4.
6.4 SHESW

AT R B SR o LI GON ¥R IF A X 3E
(e ox

W 3.3 Wi, BB E o« B 1450 AR
FEAEALER . Ry 3 B X6 S 35 R0 (4 52 W), 76 B ik 4R 1
HEAT T A G 56 an el 3 fTs » R SCAR R AE (o =
0) B A5 458 S0 560 &5 S (76 B B0 4 3 i i
60%0).2% o« BEINE, Hirs @1 45 54 — & iR 142
Tt IFHE a==0.3 B3k 2] e L RBOR. 24 25 4 FRAE o 4
BRI (a>>0.3) , BARXS 525 I I B 0 TR,
FETE a =1 B KB AR (H.

95

85 @

75+ A
B [ ]
65}

ss| —4— ENFR
| —e— DBP-WD

Hits@1/%

EN-DE
DBP-YG B

5 1 1 1 1 1 1 1 1 1 1 1
0.0 0.1 02 03 04 05 06 07 08 09 1.0
Parameter a

Fig. 3 Analysis of parameter «

3 M« ST

FT IEG TR L 95 45 45 A R SCOA R AIE Ay 552 R 2 T
PR 55 45 3 AR X T Z5 A R AL L SCAS KR AIE RE B2 it T £
(X 5526 F LA, X GON YNl 2 i 6 Hp 40 B 405 iF 40
P X AT 0 AT  BARGR 3R 4 P
Table 4 Analysis of GCN Initialization Matrix
R4 GCON AL HHIEE B 53 4

EN-FR
Method
Hits@1/%  Hits@10/%  MRR
GCN-Random 23.8 55.6 0.34
GCN-Feature 32.0 59.8 0.42
Combine-Random 70.5 87.0 0.76
Combine-Feature 61.5 76.6 0.67

FEA SCUCE A, X 38 5 B L) bR A1 3], Bk
M L2 TE Ak ) 4 T 2 4 A R A al, O i
GCN £ 20 25 5 o 2 10 45 75 L 6 I e 72 70 141k
SEAAE R — Rl R R M) IR AR IR R M X IR
A B SCFRE R B I8 i GON & 2 Y25 57, AR
i B85 A6 A7 B AE A AT 0 2 ) 28 8 FR A, 4 17 2 3
AP RIR BRI 2 B A [\ 8B 0 A 8500 17
Xf bb S g, HARSE SR 3R 4 R,

% P& B TARRE T AT 55 HhRRAE 1 )Ry BR P (45 K &
BOIE LT U AE S5 70 N SCASFRAE) | 4 40) 46 e AR 6 B
X BE N SR A ) A B CR O SRR IE AR D L OF
%A GCN Ak A7 535 1 R FH 5 2 66 B AR B
Xt 57 45 5 (GCN-Feature) 1 1 41 F B AL ¥ &6 1k 45 F
X 5 B 545 R (GCN-Random).

SR G GON AR J Y 45 0 5 1E 26 [ 5 524K
2 FEAE R i ) S 30 45 SR 3 I B ) 4 R AR B X
B Ry AR ) HE R R R SO RREAR B B 5%
2k 5 (Combine-Feature) 3 A U1 F ML %7 45 1L 1 45 SR
(Combine-Random) , R i A 3¢ 2 B 76 % Uk 45 I
A B e A X 3R WA O B ALY I6 AL RR AR M XL RE 8
ffi A5 GON 22 21 5“4l 1) 45 74 5 8., 3 o 76 STk
[27 R 75 B BN UE. 7E LR T4 55 b o XA 2= 2 Y
Z5H MR B S HALRFIE (S B Rl & o HABFRIE (R B
1E R GCN 9] b FRAE 2E 47 27 2 U1 5 LA B il 5 B n
3.

ARG AT LA B X8 O SR 4 ) d g [ A
>J 45 3 (0 5 K4 R AIE R B L A S 2 5 SR 4 ) O P
5 A o B P A R AR B U A&, #E 1 2 Combine-
Feature %5 95 22 AH A6 #£ AN X 55 1o #2 Hh FH 21 19 R AiE
RO 450 Ff AR 5 S 0K 44 R AE, DRI 78 06 2% 1 T
Combine-Random J& ¢, Combine-Feature ¥ & ft) —
6.5 ZERITREHLESN

Mt 3 AT LAWY R A I A SCHE Y O v
T IA D7 N SR 4 R AT TR T B R
UEASANRRAE 1A 3500 DA B LR S 30 45 Rty e iy $2 7.

BLpRHE, 35 g T A5G T AR B SR
25 B FEAR SR X FE 7Y (Basic) L AR 2 A I 2k
HEZE (Basic + IT) | 4 T PR T2 2% 2] 19 2% AR I 2 A2 42
(Basic+1T-CL) LA J & F 16 B BB 25 (1% 21 HE J3 A 7Y
(Basic+IT-CL+ WMD) [ H & 2 5 45 L.

1) AR IR XS 55 B (Basic) . A HEF L 454
T EE R RN 44 15 B AR SO SRR O A T
[t RSNs. GM-Align 4577 ¥ W4 9 801 . 4 Basic
£ EN-FR WS T 70.5% /) Hits @1 {6 (W3R 5 B



5 T O B 2 AR 5 e 5

1469

7)1 GM-Align VB 62.7% (W13 3 i) X
AR T SR 44 3% — FRAE A0 & B, iR T AR

SCAR R AE Bl 5 0k B T R A A, HL R
Bl 6 frs.

Table 5 Feature Analysis of Our Method
RS FLEBRNFESH

EN-FR EN-DE DBP-WD DBP-YG
Method Hi/zg/]@l H,f/s;zno MRR H,/z;/]m H,f/s;zno MRR H,/z;/]m H,f/s;zno MRR H,/z;/]m H,f/s;zno MRR
Basic 70.5 87.0 0.76 76.9 89.5 0.81 89.3 95.0 0.91 91.1 95.8 0.93
Basic+1IT 75.1 88.0 0.80 82.3 92.3 0.86 92.0 97.5 0.94 93.4 98.0 0.95
Basic+1T-CL 77.4 89.3 0.82 84.8 93.7 0.88 92.1 97.6 0.94 93.8 98.5 0.96
Basie T IT-CL+ 4 94.6  0.93  92.6 95.8 0.9  98.8 99.0  0.99  99.5 99.6 0.9
WMD
Table 6 Case Study of Entity Pair (Guerre De Laponie, Lapland War)
%X 6 X TF LK (Guerre De Laponie, Lapland War) B 2§ 3 #7
Our-SE Our-NE Our-Basic Our Method

. . Second Italian War of
Operation Silver Fox
Independence

Mediterranean and Middle East

Lapland War Theatre of World War 1T

Battle of Sedan (1940) War of the Pyrenees

Final Offensive of the

Guszt
uszty Jny Spanish Civil War

Allied Intervention in the

K ts-podolsky Pocket
amenetsTpodolsiy Focke Russian Civil War

Siege of Malta (World War 1D Lapland War

Lapland War Siege of Malta (World War 1D

Second Battle of Kharkov Second Battle of Kharkov

Final Offensive of the Second Battle of the

Spanish Civil War Masurian Lakes

Battle of the Netherlands Finnish Civil War

2) FEAREACYNGAHE L (Basic+1T). 5 R A 52k
XiF 5B (Basic) H F o A SCHE H A4 26 4% 1 25 HE 28 1F
— S PRTE T A TG AR UE ST 9 4G Y 2R B R AR
XoF 5 B0 7 A 1 T T R ) DA R TR AR B S AR G 1k
BT R RUE.

3) BT URER 2 ) 1 B I 2R HE 42 (Basic + IT-
CL). 5 HRAREARHELE (Basic+1T) M L, PR 2% 2 3K
W78 EN-FR il EN-DE ¥t 48 Lok Tt 2%
Hits @1 {E 42 7, Uk W F A8 Al 15 32 £ U1 2R AL 3k 5]
TG I AR L T G T BT S AR SR ROHE 4R A
SENUAS R WY b, DRy B o 35 5040 4 v 448 R 43 S AR
TERT JUSS TS 2 U1 20 8040 v o 0 078 i A X6F
AR R AR K,

4) F&F 10 B8 BE B Y 5 HE P 5 AY (Basic + IT-
CL+WMD). & J5 » 5 % T 3R 2% 3 10 2 AR I R AE
e (Basic+1T-CL) A Lt , & T 1] # PR 25 (% & HE )3 1%
RIUEAS Hits @1 $8 60 A T 5 2 527, R 0 2 16 B85 15
TR SRR A X B R T — A 42 4 SR 4
15 BB 52 RE AT SR X 5% A 2R 19 B2 7. & i A B0

D https://github.com/DexterZeng/CL

£ M IRYIEE] T 90% DA 1L LT A SCHE
HR 5 T i P

1 bR A3 A AT DL, 5 2 AR Ty EE AR L AR SO ER
L P AR AR SRR AL | R T R AR 2 ) 1 2 AR 2
HE B2 DA K T 1) % B 190 i Il o A AR X B T Ok 52
ZERBPETE b a5 5 T LR AR B AR SR )
FEAGE R AT R 1 AR 3 TH B O W R (BE5E TR AL L T
Al TLAN 5 B CRy J31) 2 6 T 1) B A A 1) o ) DU 3
— 2 R AR AL XF 55 45 5.t Ab A FH 18] 7% B 25 A AL,
AR 25 5 W 45 B30 2 R ROR 4 TH 19 B B4k B
AT SR 5 S 25 BT AS SO Y e A TR
HE S RALE.
6.6 B

i 3 ZE 40 A Bk — 2 e 7R 2% DN B A 4
RIS . a2 6 Frzn, PL En-Fr 8088 % P 1Y (Guerre
De Laponie, Lapland War) SZA4K Xk 4] , 43 51 45 H3
FUff 45 4 5 AiF (Our-SE) . B fifi F 52 1k 44 #% 1iF
(Our-NE) \FEA X 55 HE 42 (Our-Basic) L & 5 (A AHE
ZL(Our Method) 24 5 Guerre De Laponie f¢ 4%
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