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Abstract: There are numerous multi-step relationship paths between entities in the knowledge graph to
indicate semantic relationships between entities, as well as the neighborhood heterogeneity between
relationship structures and attribute structures. In response to this problem, An entity reliable path
information semantic augmentation model is proposed in this paper, which simultaneously captures and
aggregates multi—source information of aligned entities and their heterogeneous neighbors, an initial reliable
path reasoning algorithm to generate. The model aggregates the relationship structure, attribute structure,

and entity name information reliable path of the entities for semantic augmentation, which solves the
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problem of domain heterogeneity in knowledge graph alignment. The paper evaluated the entity reliable
path information semantic augmentation model on three datasets (WK31-15K, DBP-15K and DWY-

100K) show that this model is improved by 1.5%~3.2% compared with the state-of-art entity alignment

method Hits@1, which shows that the proposed method has better performance.

Key words: knowledge graphs; entity alignment; reliable path information; attribute structures; semantic

augmentation
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WK31-15K ~ — - — -
. EN 15 000 267 47 334 308 45783 73121
EN-FR(V1) -
FR 15 000 210 40 864 404 39772 67 167
EN 15 000 193 96 318 189 36 391 66 899
EN-FR(V2) . _ .
FR 15 000 166 80 112 221 32412 68 779
JA 19 814 1299 77 214 5311 84 814 216 841
JA-EN(DBP) ) )
EN 19 780 1153 93 484 4791 71948 199 917
DBP-15K
FR 19 661 903 105 998 4136 93 680 212 609
FR-EN(DBP)
EN 19 993 1208 115722 5 844 88 202 259 496
DBpedia 100 000 330 463 294 356 310 728 622 331
DBP-WD o i
WikiPedia 100 000 220 448 774 730 765610 990 517
DWY-100K - -
DBP-YG DBpedia 100 000 302 428 952 341 365617 760 062
YAsGO3 100 000 31 502 563 33 567 597 827 671
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4.2 DBP-15K #1 WK31-15K | #Y  {f 14 8t ¢
Lk o 47

7£ DBP-15K #l WK 13-15K 3t #t 4 |, 4% EP-
SA 5 ZHI 89 9 B S HE i Lo XL R HEAT TR -
MTransE'*' [ IPTransE'#' | JAPE"™'  BootEA' |
AttrE®”  RDGCN' | NMN'#  RAGA™  RH-
GTM', 7E¥HE4 WK31-15K 1 DBP-15K H,
Yok A I 5 ), AR Sk R 20 96 AR R I 2R B
Fe 0 42 8 43 B 45 B UGB AT R B IE (10 26) AL 3
(70%) o ix A4k BE K /N=300, 7l % Mm, 4
1O A I JE 0 Sk A~ 52 R AR B 50 A i B2 30 11 4%
WEHAE R AREA . HABELE N 2% 2] F=0. 01,3,
=p8,=1,y,=7,= 5, 0= 0.5, il T 100 ¥ Il 2
JE) 303 ) T o R0 A5 0k SR W B G SR 5 IE 4 R AR
100 A~ 3% 2 i 1 9 A 9 b, 4= 1B 25 . EPSA
FFA R AR 5 08 5 R A L A s R n gk
3HIR o

F3WAR T EPSA FITA LA RIAE 1518 5 4L

AL LA LU AR A5 5 R AR IR 807 3 m Y
HIRCHE 4 fe v fE . 7E WKS1-15K il 24N B5 15
T B AR v SRR % N [ Y 4 A BCHE AR A A
REAEAEAE 5 A R 2 A A RS & AR EE A . H
T s R R LIS, T H AT A S
B AR 52— BRI SCHEAT R AN 55, oS8 5
B A P STUARAR LR 55, BT AAARE R WK 31-15K |
BB I45 . M DBP-15K b Hif b Sc 5385
T L2 FRECR  IF BB AR = Ju B0 5 45 A
Bt — MELLSE BUORE 1T 55, E T EOE S P RE AT A A
KARTHAS 0] . W 3Frw , EPSA TE T A Bl 5
55 B R A ik RS T et RE
4.3 DWY-100K A% {4 M B8 33 bk 9 47

i T H A DB R 7E DWY - 100K #4 4 F
PEAT T3P AS A S0 EPSA 5 LA R RBEAT T 1
& . MultiKE"™ | RDGCN'™ | NMN'*' | COT-
SAE™ RHGT"", £ % 4l £ DWY-100K |,
T 5 bR B A A ) A SR, 48 30 26 AR S I
BOyE R R Ao 1T (70%0) o RS

K3 FTAEEAE WK31-15SK 1 DBP-15K #iR&E F X XN IKIF &R

Table 3 Cross—validation results of all models on WK31-15K and DBP-15K datasets %
- EN-DE(V1) EN-DE(V2) EN-FR(V1)

Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR

MTransE 30.70 51.85 40.73 19.37 35.21 27.42 24.77 46.77 35.16
IPTranE 35.00 51.54 43.00 47.64 67.82 57.15 16.92 32.00 24.32
JAPE 28.80 51.27 39.45 16.72 32.93 25.00 26.24 49.71 37.20
BootEA 67.50 82.00 74.00 83.35 91.25 86.99 50.70 71.82 60.34
AtrE 57.12 68.74 59.74 65.09 81.65 72.62 48.16 67.12 56.90
RDGCN 81.98 87.56 84.60 81.61 86.98 84.10 80.53 87.66 83.70
NMN 85.57 90.45 87.70 85.18 89.57 87.10 85.12 90.74 87.66
RAGA 87.90 94.28 90.80 81.34 89.15 84.9 82.71 91.55 86.70
RHGT 92.18 96.32 94.40 93.80 97.20 95.30 90.92 95.54 93.00
EPSA 94.93 97.17 96.09 97.06 98.84 97.88 93.57 96.22 94.84

EN-FR(V2) JA-EN(DBP) FR-EN(DBP)
e

Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR

MTransE 24.02 43.60 33.69 20.41 40.52 30.36 19.74 40.37 29.72
IPTranE 23.63 44 .91 33.97 27.92 52.72 39.61 31.22 57.42 43.46
JAPE 29.24 52.48 40.23 23.86 44.59 34.00 22.98 45.22 33.66
BootEA 66.00 85.00 74.54 52.71 71.89 61.68 57.61 77.27 66.62
AttrE 53.51 74.62 63.10 35.96 60.31 47.52 40.21 66.09 52.22
RDGCN 87.12 92.88 89.80 81.22 87.98 84.40 80.88 88.08 84.20
NMN 89.29 94.28 91.57 84.29 90.47 87.00 83.46 90.10 86.40
RAGA 88.95 95.36 91.90 79.29 89.12 83.80 85.27 93.17 88.90
RHGT 94.95 98.00 96.30 88.64 94.30 91.20 88.92 95.59 91.90
EPSA 96.57 98.60 97.66 89.56 95.93 92.28 89.82 95.64 92.25
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NMN [ 17 JHE 80 AR [8] ) S R0 Bk 44 FRER A o
T RRAR I i 52 2 P, AR SCBCE TR A RN d=
100, I 2 2] 2 P 7% 46 LA AR 15 52 1 0 1 78
DWY-100K 1 B %] #f 4 K ik A o % 2 RNy
0.005, H At i & 5 LA MR . DWY-100K L fir
A BRI PERE S R ISR 4 PR .
i T DBpedia fl YAGO # U5 A 4 515 #l, 3
&4 DWY-100K ¥ #E 5 T H & 59 B Rk
Table 4 Overall performance of all models on
DWY-100K datasets %

DBP-WD DBP-YG

Eial

=

=

PCES

Hits@l Hits@5 MRR Hits@l Hits@5 MRR

MulitiKE 91.86 96.26  93.55 88.03 95.32 90.68
RDGCN 97.90 99.13 — 94.75 97.34 —
NMN 98.12 99.20 — 96.00 98.27 —
COTSAE 92.68 97.86  94.57 94.39 98.74  96.14

O 77.60% T K ARSI 24 FRSE A TR
T H A% SR 24 Bk FE 5 AR AL, B Hits@ 1 7E % 4
H AR BE IR E 90%0 LA Lo 1 i T H AT A f o v
feC i T 1, IS e LB/ T A SO
th HAR I T e e
4.4 HELXIN

F5 R T EPSA R R [F] A8 14 (14 7 il 5 55
FIPERE L HE . EPSA“w/o EP” & X SE A I 1215 A,
B 314 Wl S 56 EPSA“w/o SA” S % 1R K i
T SR SRABE BRI I Rl S5, LA 43 S E S AR S AR
AR AR DA He 5 0 P R O SO A B R 1 4
Fho 2 B S A AR A BB B i, MERE & TR
Hit@1 FFE0. 9% ~1.6% . {H i A % 8 L
5 B P RSO [R5 M B MR RR S AH L H R A
PR TR0 AR SR AT B4 T 5 22 M 1o e L BT 3 4
Bt g B B Bt P fiE Hit@1 F 0. 7%~1.8%. {8

RSA 98.54 99.29 — 97.20 97.90 — . . . .
RHGT 99.26  99.86  99.50 96.58  98.86  97.40 B S PR AR A B AR ST AR A DL £ 2
EPSA 99.42 99.27  99.77 98.72 98.91 99.25 J& ’*E tH ﬁﬁﬂaﬁ{i#ﬁﬂ%{%ﬁi%ﬁ% @J%ﬂo
R 5 EPSA TR EY K AR SL I8
Table 5 Ablation experiments on different modules of EPSA %
B EN-DE(V1) EN-DE(V2) EN-FR(V1)
Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR Hits@1 Hits@5 S
EPSA 94.93 97.17 96.09 97.06 98.84 97.88 93.57 96.22 94.84
RHGT 92.18 96.32 94.40 93.80 97.20 95.30 90.92 95.54 93.00
(w/0 EP) 93.31 96.51 95.50 95.21 97.80 96.90 92.21 96.15 94.50
(w/0 SA) 93.75 96.85 95.08 95.73 98.47 96.96 92.45 95.89 94.62
. EN-FR(V2) JA-EN(DBP) FR-EN(DBP)
Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR
EPSA 96.57 98.60 97.66 89.56 95.93 92.28 89.82 95.64 92.25
RHGT 94.95 98.00 96.30 88.64 94.30 91.20 88.92 95.59 91.90
(w/0 EP) 95.10 98.14 96.80 86.95 92.69 89.65 87.23 93.31 90.50
(w/0 SA) 95.25 98.58 97.11 87.32 92.86 89.82 87.65 93.72 91.25
- DBP-WD DBP-YG
Hits@1 Hits@5 MRR Hits@1 Hits@5 MRR
EPSA 99.42 99.27 99.77 98.72 98.91 99.25
RHGT 99.26 99.86 99.50 96.58 98.86 97.40
(w/o EP) 98.49 99.27 99.60 98.94 98.99 98.45
(w/0 SA) 98.21 99.59 99.57 98.55 99.26 98.36

4.5 EN-DE(V2)LERytEREXTLE 45 47

g T B M AT AS EPSA B A R, A< o it
T EN-DE(V2) I Hits@[ 1,3,5,10,50,100]#y
PEREXT L, S0 25 N & 5 AR .

A &5 0] A, EPSA TE ir A WEAl 8 bs B AR T
HAb A HE Y Hits@<< 0 i), EPSA ] B 1
T AW AL

N T 2 03 A 6] KON R s 46 T EP-
SA XS i 58 1 A7 80Pk, AR SCL EN-DE(V2) £
LR BT HE— 2 VP4 o A SORE U SR ECE B2 1 L
BN 5% AR £ 30% , B — WK 5%, 50 UFE B4
BEORFFAE 1020, LB 25 B AN 1E 6 T

6 136 B T AN 6] B 1 1 11 25 85040 4 19 Hits@
[1,5]#: 6. EN-DE(V2) L i 45 Hits@1 4 % A
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Fig. 5 Hits@k performance of EPSA and all comparison models on EN-DE (V2)
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Fig. 6 Hits @ [1,5] performance of EPSA and training datasets with different proportions on EN-FR (V2)
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