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Abstract

In this paper, we propose the dyadic graph entity alignment algorithm DAI combining attribute
information to optimize the attribute information that is not considered in the dual dyadic rela-
tional graph algorithm RDGCN based on relationship awareness, use the graph convolutional
neural network algorithm for attribute structure embedding vector to extract information from
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neighbor nodes, and use the dyadic relational graph and attention mechanism to extract the rela-
tional information in entity pairs, and finally by combining the relational. The similarity of rela-
tionship information and attribute information of entity pairs is finally judged whether they are
the same entity or not. The improvement effect is obvious for the heterogeneous knowledge map-
ping entity pairs which are not recognized efficiently in the original algorithm. Experiments on
three cross-lingual datasets ZH-EN, JA-EN, and FR-EN of dataset DBP15K are conducted, and the
experimental results verify the effectiveness of pairwise attention and attribute information on
entity alignment methods.
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P GEI SRS T 5 BREHN FIE AN SEAR G A4 SR AR LB TR BT 1], R SEAR 2 18] (AR 22 B 7
P B 25 S ) 6] — =% () EAT AR ALLRE X LG « Bhamidipaty S5 70\ G2l i N AR 1 75 V2R AAR e A 7 {5 X 5%
fISEAR[2]o Laccoste Z¢4i2th 1 SiGMa J5ik, ZJERIA RN 1900 HEVER BAR, Ea e seik e v A
MR AAE B AT J5 3048 2ok 78 ARSI 55 (94T 55 (3]0 Scharffe %5273 @ o VT RCASOR S pd 75 o, Xof FL ]
(195 2 8 70 SEREAT SLARXS T [4]. Bizer 55 N id fs AN VE A SEARTEE € SCRBEAT X FRAE 55 [5]0 X3
JTE IR AL T 77 BRGSO AR 55 A B P8 T A R O ARACLEE R K, TR AR B KB N T B,
(A IR AR R AR

Bt R BT RE HR N T IR I DR A JR TR 22 PRI FE N B30T 463 A5 P R A T N 1 oA 57 i ST A
FALSS o X ETTE T BT R LA AR G op SR 5 R RN B[R] — MICHEFE B [ & a3 0], JRAE s ]
T e R T SARBAE R (6] [7] [8]. BHIEER B2 TransE & e th T A0 iR ERE IR A RIBAE 551,
HARIAET7 AR B — D RIR B = T AR R IE Bk S TR AN 6 2% R 2 ) R SR PR B O SR, (H R A
RUE CLAR B R SR R RO R RIS . T2, WHFEN SRR — R 5 A R PR B A R R AT At [ 7]
IEAJKE 57 T A A6 RN (075 2OREAT 0 5 5 S AN R (R, 3 B O/ T3 sl R 1 s fk
XFFRCR[8]. Guan &£ SR | SEEA BAY, MR T B 22 21 75 SORBEAT SEARXS FF[9]. Sun ATHA
S SRR PSR 7 ABEAT SEARS 55, JE AR AR 55 A8 B RAE 55 HEAT SR AE[10]0 Sun 8 AN T
XF ZPRFEREAT R, BT — Bl SR SRR JAPE, 12 MR B (4 45 R N 5 3R & RN T
FIX PSP T TR 2 S SEARRFAE,  BE— PO SEARXS FFBOMER R [11]. AttrE A7 th 5 DURIR BT RN )
EONSERY, SR T ARG SR NG B SR IS B UTA[12]. He SE R = ol R LB SEAR
X555 SRS T AR B AT, AT AR KR LT T e (131 X W SR s PR B8 TR R
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2. fREI

RDGCN (Relation-Aware Entity Alignment for Heterogeneous Knowledge Graphs)3& T3¢ & BN K &
AL 2% = S 30 i A 38 o) A PR S I DA G SR AE D TR OB OC AR I8, Rl o (v 5 A0 WL A 3R I 4
10 0 TR T A O 2B IR TR AR LG R, SRS EIE 22 )= 10 PRI o 22 I % R A7l 340 S T IR 5 415 5L
HEORIRAZ T, IR P M 5 24 3R G SR H) Wi S0 rp R A SR B AL

RDGCN 8 F 5% ZXHE I H Ar e N T AR SR 2 IR IR R R, 183 BLOC R A T st (1) 4% el e ik
XA R I HLI RN SR SRR 5 ) W SR, IR I8 a0 A O 2 B O ZR 33 2 0 H Lt A0 s PRl ) PR i L
ISR RN 5R I FR AL RFERIE, ffa B RN O RT3 B WL R SEAR B IR N 3 2 2 1) B A AR ek 22 6
ggrp, JEId B RN SR AR SCIL SRR 55, Rt RDGCN Y Ja T S Af 55 43 28 v (1) 2k T R 2 1Y
ST ) SR SR L, AR T 2 T B 2 N 4 VRS R OR AT SR 5, IR R IR IR AL b 3E
B R A = LI 3RS RESM RIS .

Figure 1. Isomorphic entity alignment schematic

E 1. EfSExsTREE

A AS SCAE 53 AT RDGCN YIS, SAACH 5% 32 B9 R 7E R A R 48 X 248 Hh ST iR N ) R IR,
Kl 1 s 7 24N e SRR S5 I Seaons, RIS WM T2 IR ATE, THS A ISR 5T a ISR 2
ZXF5F, T B ISR ST S b (SER O F AT C ISR S5 TS ¢ sk Xt sF, HmsskR
RV, =V, V=V, Vy =V, Koy KRS A £ EER R SR SRR, 1My AR
AL —KEGEHRREASREZ EMMERR, BT @G58 CEX T sedont, Fitdn]
UIFIE VY, =V), Vy=V,, V)=V,, WRIEEHEMEEERAR, mAXQ)TH

1 1
VW”=U(D2ADZVWWWJ (1)

Horh A R APBRERE AN AL IE B RO RIAE RS, DR FERERE, WORBCESERE, DRIULIRATRT LLd 4 2
%%%%&ﬁﬂ%ﬁ%&%ﬁ%ﬁﬂ%i%ﬁ%ﬁ%%%,E*ﬂﬂﬁza@”Wﬁ+@+@+@Vﬁ,

Vi=o(WO (Ve +vs +72)/3). FERFLMAT WALV, = o (WO (V2 +1) + V) +77)[4).
Vi=o(WO (Vv +v0)[3), BIASHARIA, a), (B, bRID, dEETER T A5, KL RIS B Mk
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Figure 2. Heterogeneous entity alignment schematic
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JEEERIARAL, 1) BN AL BE R 51, T e AR Ja add 45 ST H BT LRI H SR (C, o) A7 7E — 8 RIARBLEE,,
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AN SR 2 [N 25 B DR R Z IR S I J s B IR IR T (K &R, AN S 2 1) A 4 I 7 SR
WIFEPR A SEAR 2 [BAAAE— SR B PRI, X SKJE VR A FRt % B M i A4 Pk Wil 2 Fraw, A8 FH 30w 1)
K RGN BRI X A 1 S 2 ey, BRATTAT LA T 4 SR IR 468 56 R 5 MR A i 524 € RIStk ¢ fo s
IR ER, AHRIATGIN T B IR AR IBURAE, AT DL SLAk C MISEAR o A 7E KB | i) Jg@ 44,
R SEAA C MNSEAR ¢ ()@ PERAL M B AU AR &, R4 & R REGM A B RAE A AR T 5, T AR
TR A o 7 ) S Ao P SR %o AR AU
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Figure 3. Entity alignment illustration
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ASCHRYE RDGCN AR 35 A 0 SEAR JE A5 BT M X — AR 2 4L, &l TR TS EIEE RN
Xof A B S A X 55 572 (Alignment Algorithm of Dual Graph Entities Combining Attribute Information, DAI).
DAL S48 A AN R B0 e B oG R/ I, RREIMTNARRGR, il 2 MEREINHNESE R
Xof A8 P AN S R R P 1S AT A5 R S B, AR e A v B A 2 P 4 T 1P KO GON SR ISR JE 45 i Y
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3.2. MBEXREIREER
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Figure 4. DAI model structure diagram
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1) SHEER JIHLH]

BRARGREBINHERRE S, HXREEMEGE B GHAT X RFHERE, JERAS &
SRHATR R . W B = L H T A A5 BIHE G R S JE 4G B 0 s RN, (R E RN
HER IHLEE Rl TR e R S E 2 G B H, KA afamEEeE P, a2 EE =
NESFRIBERIE.

ot B & IHLHI 1 et X e R™ i N R B0 (36 9 26 R 00 sk s AE B, L AR B AR )
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ISk

X =o' (Z,-EN{ ai]’.x]’.) ©)

. exp(n(wa e, le,]))
L ee(n(via o))

FERRFWTEER], 3 FoRERATA v LS EEE 0 Bt mERR,  x FoRETR v, 1
SHBRRRRFE; N ZoRTE v TSI R A of RaxHBERIVUBIKAEE, o 2R
EIERIR, o ATRARLMEMIE R ReLU, 7 4R M AR NERGE 2L Leaky ReLU; ¢, AR A2 M ATE
BRI R AR v B AR o 3300 o 1 Pl v )1 28 Sk SEAR R R SR AR 1 R R A ¢
¢, HEURERNERS, Haxu7)piox:

(6)

l O

A

_[zkeHijez ZIETI)%]E:I

A & FRIRMNEIEER FE R R R r 5 kAR SREE [N A R .

2) JRGATEEE TIHLH]

A JZ RN JE AR EN IR B o S P VR B ML, AR e ¢ 2R I TP I 5 R T R R SR SRR GRS
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ISR e, BIFTA SUSTT GRS, ot MRRREERZ, of RIFIGERNERIAFLIEEE m % 7£1%
BRI, JEAGTT A A UR 2R ) B B R 8 SR A4 SR IEAT AR ALY, I SRR 55 A A FR 1
TR o PRI, SEAA RN 1) 5 R 3R A2 80 2 0 SR 461 2 70 J2 A% S ) S R4 ) B R SR A TS 2
3) HILMER
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U0 FR,
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3.3. EERBEMEMRBRR

J 1 5 F SR RS R AR A8 P AU £ R 48 BEAT SIS 55 1) S8 ABURE S Ak R BEAT B MR B # o SR
ZRIIRN EEAL BB A, WG SCR R YEAERE, SERZ AN FEOC RIDHER, RSk =
PETRRL, AT R ATR RO Sk, A e PR S ke R (K J R 1, an SR A e A TR — e ik, T4
KPR (B S T BT, AR AR EL . R R A R A b SR YR I, A B &
JEPEAE RO, (RIS HERR SCA RN S iR 2 18] (52 08, BN SEAR 2 IR 5% AR G50 L4 1 0 R 4 A R it
177 SR, HUGAE SR MEAR U, e 0 SR AN B ML IR B, SRR L IAD & A R RILIEAT RN,
SRR T ML S BN R MR R I ERE o TR PSR XSS MR AR R A R B AL R, e PR
HZHsAN, ISR s, RSP A A DTS,

1
H = a(ﬁa zaafﬁaHg’)Wj’)J (11)

Hrp, 4, e RN REBHEEMSEEE, HY e RN K | RN R N, ZRFA BYE R,
THE a Fon RSB ARER, w2 1R R

3.4. BRETIFFRR

i IR PIAS SRR TS R S AR RARURE, it SRR S AR R, IS IR
TSR Z B A BUEE R, E T I SRk R R P SR SR SR, R Se AR a5
SRR FF OGS R, 73 AAG 2P AR OB A SEARAR UM S5, S8 38 30 S SR B Bl SEAA AR B BE
BORAP T A S HSE, DO E OGRS 5 R R M I L D, SR 18 B0 5 SR
Z IR AR KA, AEAEAE SR I 2, USRI S 2 — 2k, DRIt R P SRR U
R 5 b — s LE oG SRR BURALLBE AL o /I — 26 A 3(12) 58 ST SR AR A3 20 R 38, 40 R B
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4. KBS S
4.1. BURENB

T ASCAE S TR HL S o P 0 DBP1SK BORAECILZE 1), S04 B SRR ) —
AT IR 025 SRR B RS o R FE X 56 920, 28R/ M DBpedia 10118
itk pER R 11— T4, DBpedia 2 — K BUBLIOAEIE FTRIE LM%, SO S AR S P
B SLAE 8, AN S 2 IR B 568 . DBpedia MIF1S0. 3650, H SR SCRA 0 T4 R iEIL —
FEEFERL FREL

Table 1. Data set DBP15K information
2 1. #4E% DBPISK 58

Sk B KAR=JH JE = el

Chinese 66,469 8113 153,929 379,684

ZH-EN
English 98,125 7173 237,674 567,755
Japanese 65,744 5882 164,373 354,619

JA-EN
English 95,680 6066 233,319 497,230
French 66,858 4547 192,191 528,665

FR-EN
English 105,889 6422 278,590 576,543

4.2. EWERE S
4.2.1. FMEERIEE
LIRSS RN 2 B, AT LA ORI O 5 RIS & 8 AR S0 5 1B S A0t 55 550 DAT #2271
RORBONHIE .
Table 2. Comparison results analysis of different entity alignment methods
% 2. PRIEAEXTF AN LR
ZH-EN JA-EN FR-EN
Hits@10 Hits@50 MRR Hits@10 Hits@50 MRR Hits@10 Hits@50 MRR

JAPE 74.46 88.90 0.490 68.50 85.35 0.476 66.68 83.19 0.430
GCN-Align 74.38 86.23 0.549 74.46 86.10 0.546 74.49 96.73 0.532
RDGCN 84.55 93.40 0.749 89.54 96.10 0.812 95.72 97.24 0.908
DAI 86.43 94.05 0.767 91.76 96.19 0.827 96.44 97.66 0.923

AR P25 R BT T R R S5 R R HIURFAE A 18 B S A0 55 5532 DAT A EL T SR ) RDGCN
BT T AEEIOBRTHRCR BT R PSR BURFER 102 J 1 44 AR K 7 ORXT LRI, DRI S TR R 2R 2R
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Figure 5. Experimental results of Hits@K comparison with different modeling approaches
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Figure 6. Experimental results of MRR comparison of different modeling approaches
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AL LA AT AR (R L s i v o B et 5 1) DAT 89 L RDGCN Sk /e A i RS 4T, o2
7E Hits@10 IR %, AR Hits@S0 B2 T —AMmS, A A RR A &, (HAHR TR
SRR A 1 M SRRV I 45 AT 2 NS R T R

JEIEAF 71 MRR $EAR T R R, ILIE 6 AT%0, DAI MHLEELT ORGCN 7E-FIEIERL b2
AR, ASHIRA, 7R ZIC R IR E RSB AR, 2SR 2
FERB IR R, 58 SR M ] LG H S5 A T8 P15 B 0 G B s fdoxd 55 B0k B AN A ok 3 R

4.2.2. BEEEFESE

KNG LA TR PEAS B8 B S Aot 55 500 5 AR [ R B 1 B E AT X P St e, B R R =
FEMEMEE R ERE B, BTN LR E BRI B O FER BN RIEE T
Hfe B, Wb R L I E N, IR A B ESECN 0.1, 5 58 BN R IHE R JHl
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