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Abstract: Aiming at the problem of resource scarcity in neural machine translation, a method for fusion of dependency
syntactic knowledge based on a Bidirectional-Dependency self-attention mechanism (Bi-Dependency) was proposed.
Firstly, an external parser was used to parse the source sentence to obtain dependency parsing data. Then, the dependency
parsing data was transformed into the position vector of the parent word and the weight matrix of the child word. Finally, the
dependency knowledge was integrated into the multi-head attention mechanism of the Transformer encoder. By using
Bi-Dependency, the translation model was able to simultaneously pay attention to the dependency information in both
directions: the parent word to the child word and the child word to the parent word. Experimental results of bi-directional
translation show that compared with the Transformer model, in the case of rich resources, the proposed method has the BLEU
(BiLingual Evaluation Understudy) value on Chinese-Thai translation improved by 1.07 and 0. 86 respectively, and the
BLEU value on Chinese-English translation improved by 0.79 and 0. 68 respectively; in the case of low resources, the
proposed model has the BLEU value increased by 0. 51 and 1. 06 respectively on Chinese-Thai translation, and the BLEU
value increased by 1. 04 and 0. 40 respectively on Chinese-English translation. It can be seen that Bi-Dependency provides
the model with richer dependence information, which can effectively improve the translation performance.

Key words: neural machine translation; bidirectional-dependency attention; multi-head attention; parent word;
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Fig. 1 Structure of bidirectional-dependency self-attention mechanism
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Pascal 21.67 19.53 11.31 9.65
Bi-Dependency 22.08 19. 82 11. 96 9.77

% 3 AL IR 25 K T LI Y, Bi-Dependency HUS T e 4
A5 A2 =5 1) B PR AT 55 I, 55 Transformer+CWord 15 !
F HC, BLEU 43 51142 T+ T 0. 44 1 0. 81, 5 Pascal BAUA
BLEU 43 %I #& 7+ 7 0.41 F1 0.29, 7¢ J& 4 44 4 - | Bi-
Dependency ) BLEU {E [{] #E A 5 K& T, RIELL F Y 45
AT LA L, AR IE T v S HAE RS BE A1 Transformer
REAVAR LS 3 A S, UE e PR 75 i a5 AR A
YU BHRAT 55 2 W B o Transformer+CWord il Pascal f)
BLEU {8 22 BEAR /I, 156 W A6 35 5 o Al 55 AR A7 N IR rp i A2 )
BT Y B PRASCR O W] W25 I . IXAT BB B T AL R
AR5, Tl 1) 300 A2 1] fY B4 1) 475 JE R A2 1) 1) -] 1 B ] £
BB TR 2R 5 07 305 I, 7 I 5 o, Rl 1 in]
A TME B 5 R RA AR 2 70 5 B 8O REUHE . A
SCHE Y Bi-Dependency B AR 8 7 L -5 (19 X 1] B IR AT: 55
RERR T e BLEUAH , 3845 1 SR dF 1 BPEROCR |, 3B AE R
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% 42 A

T i 5 B ) AR IR A 2 B B PR AT 55 A R
#Hh.
3.5.2 % kiEE AAH RE 8 E P RRA @ IR A1E B3
25 R vl AT

H 4 Bugliarello %' I 5, AR SCHL7E I - B4 4 I,
TEZ 3 R AL R )2 B HEAT T SR ARAF F 7 1AL
il )22 S5y, L5 i 7 55 L2 Rl G 00 m A R S B in A 3
), TR EE RN SR 4 R

F4 AEEENBEFBENEKFRE S BLEUEXTEE

Tab. 4 BLEU values comparison of

fusing bidirectional-dependency information in different attention layers

WRAR W-# M- M-, %,
1 22.08 19. 82 11. 96 9.77
2 21.43 18.94 11.12 9.67
3 21.74 19. 40 10. 48 9.67
4 21.49 18. 81 10.97 9.37
5 21.69 18. 94 11.18 9.72
6 21.45 18.99 10. 99 9.72

A RN TR MRAF HE R I LR 2 3k 2 oL
AFZ L siae g3 . 38 ad % 4 7140, Bi-Denpendency £ 78
TE 22 3k T8 7 FI WL A 275 — )2 R 0L [ (R A ) 12 I RUUAS T
BAFIRBCR . 5 EARBYEE RAR LG, TR S i RHIRAT 55 b, 40
BHETE T 0. 65 F1 1.01 4~ BLEU A o 7R 48 5046 I, 43 i 42 7+
T 1.48M10. 40 BLEU{H . 4 Bi-Dependency iU & 75K )Z
B BRI AP RE 2 D AR . SRR A RIS T
Raganato 55 [ & B £ 55 — 2 P o 2 (i B ) U h 7
TERERY AL A RIL BTN, T LAHERT
FESS — J2 Al TR OGP T LA R0 2% 2 R R, DA 2
— 42 15 Transformer 155 75 {4 BRI HERR ML
3.5.3 BT E BT ENIF LR H R AT

Ry Y SR A A O A P s T M A L AR
TE D - S HCHE B B EAT T BT A AR R L8, i L Bi-
Dependency-GWF (Gaussian Weight Function) ” &7~ T 18] £ &
R P R S T 0 v SR B AR, SRR 2 R AR 5 R .

®5 RIMBHEREEIEH BLEU EXT L
Tab. 5 Comparison of BLEU values before and

after adding Gaussian noise

B W oW W-dE, B,
Transformer 21.29 19. 14 10.92 9.37
Bi-Dependency-GWF 20. 82 18.95 9.95 8.40
Bi-Dependency 22.08 19. 82 11.96 9.77

WAL s, Bi-Dependency 15 T IR . 1
W -y BT 55 I, 5 Bi-Dependency-GWF # Eb , 2351 #2175
T 126 F10.87 0 BLEU{H . 7654 £t 8 b, 70 il 42 i 1
2.01 1 1.37 4> BLEU{H . [fi Bi-Dependency-GWF 5 5 15 %
ZR (1) Transformer 550 AR [V R AR AFAE RS KO 2205, 20 ) R % T
0. 47 F10. 191 BLEU fi, 4§t 46 J AR 8L 7 A9 T
Wit o PRI TE XS] AR A 1A T 30 ML A o AN 2 o o S0 e 75 174
PELE A B AT B, 45 AT Bi-Dependency Fl Transformer

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

RERD . ph AT DUUE I e 307 MR 7 B oS R e BE LA S . A
ST R S0 MR P RS 2R LR B AR SO X R R SR
TR RCE R B 2 00 o0 RAE S AR Rl A AR

N" e R**FJEAT G e, (45 A= iU A T i) fil 5 A I 2" e R

T T R 2 0 TR, DNINTX JEEAS A AL TR) il AR R 77 A T

KA MRS (A B RCR L T B R R

4 HiE
ARSCER X ZEHL AR BHEAE 55, S 1 T XU KA AR

HLiH (Bi-Dependency) . SC56 25 R B, 1 7F 2k 3 B 1L

i PR X A R T 3, 0 R 2 AL g B R 5 0 B

A —E B HE T 380 % e SR W, AR AR A R AT L

25 T AR B PR AL O 2 B RA A5 R, () b ik i 5 O R B

B 5 RIRE A S0 . i SCIR S Rl A, HAT
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