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Abstract: In rich-resource scenarios, using similarity translation as the target prototype sequence can improve the performance of neural
machine translation. However, in low-resource scenarios, due to the lack of parallel corpus resources, the prototype sequence cannot be
matched, or the sequence quality is poor. To address this problem, this study proposes a low-resource neural machine translation approach
with multi-strategy prototype generation, and the approach includes two phases. (1) Keyword matching and distributed representation
matching are combined to retrieve prototype sequences, and the pseudo prototype generation approach is leveraged to generate available
prototype sequences during retrieval failures. (2) The conventional encoder-decoder framework is improved for the effective employment of
prototype sequences. The encoder side utilizes additional encoders to receive prototype sequences. The decoder side, while employing a
gating mechanism to control information flow, adopts improved loss functions to reduce the negative impact of low-quality prototype
sequences on the model. The experimental results on multiple datasets show that the proposed method can effectively improve the
translation performance compared with the baseline models.

Key words: neural machine translation (NMT); low-resource; multi-strategy; prototype

o HEGIUH K E SRR (2019QY 1800); [H 5 [ 4R Rl 34x (61732005, 61672271, 61761026, 61762056, 61866020); 2 44 T A F}
LT (202002AD080001); 2 B F AT B AR L& T (201606); 2 M4 H AR FH: 54 (2018FB104)
W RR S 1] 2021-04-14; & BT T): 2021-06-28, 2022-01-13; SR FH I [H]: 2022-04-18; jos 714k Hi R ) 2023-04-27
CNKI 1% £% 5 % I8 i) : 2023-04-28

© A

PEEB RS httpe// www. jos. org. cn



5114 HAFFIR 2023 5 34 A5 11 4

jillls

1 5]
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A mBERT (multilingual-BERT) 15 ZI 11 x Fll s; [ ] f2 R AE, Bl 5 K35 R AE, 48 H Faiss T_H (https://github.com/
facebookresearch/faiss) JEAT AL VL.

ARSCEE AR PR 5 R RS, i 2 B, ORI T C B0 79 30 55D IC FC R A spes I, A 20 A1 SRR DT L
733 top-k ANVCHCSE RIS " = (51,5200}, W Spes € 875 MILEIL speq XTI (7 H AR 1) T toeqe 16K S5 FEF) . 24 R
TN UCTC A HEAS 2R 2 DT RCIF AU B spese & 87 I, JUI3E I 23 A1 30K AR DT LA 2R H SR R TETCIR 1) et -
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(en-vi), 133k) FIDE-1EH IR (IWSLTILS (en-de), 172k) 1 AR B I 565 FEIF 4347, Ferh IWSLTIS (en-vi) 34546
(390 A7 285 SRR T A SCSE 5. Wi 1 BT, YRR 6 35 O T AR DG T B AT 5 21 RS ) e o ot JU L S 41 4R
MRS UR 7 50 R, AR U OS2 15 21 5 P ) 50 W S A A AR 4 45 77 AR DG A0 43 A1 2 26 /s DL I 1 YR 5 X
JRAIUCHC IS, AIAE— 8 R R ORAR %m0, SR 2 AT IR, KMUAS S A WMT14 b, A L Al FH ORI T
e e s, 445 25 1ff I A1 X6 7R DU FC RE 8 13 1085 b BRAR K DT C 45 L. 1056/ RS RO 42 TWSLT1S 1 5, 45 A 1R
DTRC AN 3 AT R IR ILC IS, REWS 7R S H  DCRCBL Al b BN s SO TR 0 2545 2% i, JE— DR THIR B3 51 . AT,
N T AR R R B (K7 ) i, T % o A SRR U C 15 5 B AR, AR S N )7 x5 DCTRCI ) spese 7] (9 AR AL 2 16 f
S5 AT IR, 159 20T 0 E R I JR Y P 1. R B 4 S5 ek DT TC 45 SR 1 B0t AH B B8R R & 3 55, SRR IR
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B, PR, 055 AEAR S YRR T A e J S S 5 vk, 5 B SR 470 A P A 0 B2 1. 32 S0k [24] 10 JBAR R &,
AR SRR ) R T T R e 1) O JR R AR BTV, B DA PR R

R AFEE BT FEIULRCRCR (%)

BT AL IX 7]
<50 50-59 6069  70-79 80-89 90-99

st oAl

A E S 2.4M 413 11.4 10.3 8.8 14.2 14.0
(AR 133k 84.7 5.5 4.1 3.7 1.1 0.9

Ve SR I R HE 4L : European commission (en-nl); % 537 5 B 42 IWSLTIS (en-vi)

2 BOBIULECS R G S AR R ORI H (%)

- U RS
"R VLA SN <50 50-59 6069 70-79 8089 90-99
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) B VCC+53 A1 2N 7R ULRS (EM > 0.5) 78.9 6.0 6.5 49 22 1.5

e I E Yt B S WMT14 (en-de), http://workshop2017.iwslt.org/; i %537 5% HHi 45 IWSLTIS (en-de), http://statmt.org/
wmt14/translation-task.html
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sy = MultiheadAtt(sges, hy, hy) 5)
o, MultiheadArt(-) AFET 2 K HE R vH S 5 IR IR g At 0 vt 50
s; = MultiheadAtt(sgeis, hy, hy) (6)
B 5, A1) G AR T A e s R B g A v R 0 s RO, T LU R o
@ = Sigmoid(Wq [ 5,1+ ba) N
o, W, B b, AT GRS HL. o WIS TV S a5 0 2 i e i, TR AU
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a4 4 EEIITR, Senc aee VEN AR A B R IERLRTIH R 251
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e, £ () B8 SUR: f (x) = max (0, x W, + b)) Wa + by, L W, W, by Fl by ¥ 0 B85 55026 i 2013 5Ly, VHS IR
Pily<i; x;1,6) = Softmax (o( s )) (10)
Horp, 1 RIS, o () AR ek
.
[ Softmax ] ________________________________________________ .
f . a@"**é}’ @ l-a i
[ Hecdforward ] Enc-dec Enc-dec
1 - Lz o attention attention St /1,
‘,( Enc-dec attention J_" |
t
[ Self attention ] Sear
i
[ Positional encoding ] Decoder
Vi Vas o5 Viet
{ hxls hx27 cees h,(m ] [ h/1= hm cees hm J
i i
[ Feed forward ] [ Feed forward ]
Nx i 1 xN
Self attention Self attention
[ Positional encoding ] [ Positional encoding ]
3
[ Xis X2 o5 Xy ] [ [T ST ]
Sentence encoder Prototype encoder

K4 BHPERET LR LA

43 HMKIHE
2B W EREBHE S D, G0 TVE R HUBI A 2oL A% B0 AR 4l P Je R AUR Ak oF (MILE) 453 2k 2 50k 3
FAT 25
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x,yeD
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ARSCAE FH W L85 8 Al 1 308 P K B TWSLT15 EAT R ISR, BHPRAES5 A 0% (en)-il (vi)s 9¢ (en)-Tf (zh) Al
L (en)-1 (de). 32 3 Won T EHs AL A4 St . B0 E FIISR 7 ThT, JEFF 512012 4F R I0UFSE AT S E A FIAR T 1%
PE, BB tst2013 1A MR A AT IR VP Ay, SEI6 A8 F 14 ey 2 4 1] 195 B PanLex (https://panlex.org/). 4EdE
e SEIG = B A I S - 25 e M ] R, G R SR 4y 2 R R T 4 A T LA B 1R I B SR bR . i
PanLex KA TR EEAE O A0S0 T B85 5 HARERI T 5. B A9 (en)-18 (vi)-T' (zh)-48 (de) 17 HLEL 5
6 Lk 0. S il i) S g AR 1 ST Uy 2K B A R ) LA B, 9 e T AR b R P A S AR Ayl g i T A T A
AR, R AR R TR RS 2R 4t IR AT R HE, S 2T B D A] R SRR 7.3k,

®3OLEHIRE

AL PGS BT PlES IoUrsE MIR4E
IWSLTI15 enevi 133k 1553 1268
JNRSEATERL TWSLTILS enezh 209k 887 1261
IWSLT15 enede 172k 887 1565
KIFETATE R} WMT14 ende 4.5M 3003 3000

52 BHIRE

A SCRH Transformer #AAE 4 SEILF &, S XMICH VR ST WA M 48 S48 0E . FA1Z% T Sennrich
2 N PSR IR IR T ULk A2 WL 0 18 2 R P 2 L, 68 J2 L D A AN Dl 3R 1 dropout. 4 i 85 g
RN 2 ZME M g, J 2SR B0 BN 4. ROIRGSYERE . IR ZE B SO /IN R 256, B 1000
UORAR G BVHEATBERVEAG . £ Adam IRAL AR HEAT B2 S B4k, dropout FIARZESEIE I E R 0.1, FIUR2% 2] S s
91073 . AR BB AT F A2 AR R AT AT RS, SE R TERE N 4, KBTI BN 1.
5.3 FNiErR

P R/NE ARBUK A 4-gram BLEU {f POk PESOTR VPR b5, YR IIASR /NS ABUZ ) multi-bleu.perl.
ST MR £ A BE SR B S0 TR, 55 4R ] RIBES (rank-based intuitive bilingual evaluation score) /47 4 B 7M.
5 BLEU YA R, RIBES PP 77 72300 7 - 233 28 SC I A7 2 A3 IEAff, 8 H TR R IR BE N i S0 i R VP ).
S AL BLEU 18 45 5, #9751 bootstrap T RAE 7712 PIHEAT T 525 M .
5.4 [LRLREE

WEE 3.1 WHTR, T ROIILAD, R FM (x,s) AT AT 805 RO AT 753 30 S5 A0 M BOR DT IC 751, 140 A KR
RULRC TR B Je 205 5 I 2R mBERT 43 8 7) 7 1 [ &R AE. 481, B8 mBERT 2T 2 A% 5 445 3,
BEN G B A BT S 05555, R, A T B8 NS I AR S48 1 5614 400 1 O i 2R A R 1, R 508
S5 HFRE ST, A0 H R TR code-switching J7 v P% mBERT 4T T 40, 18 2 FiiE = H
55BN — ) ) g 2 (B L AR IR VLIS EM (x, ;) 25 T 58008 J5 1) mBERT 752 7) 7 [0 i R AE, BEJ5 18 H Faiss
T AU IndexFlatL2 Ji M@ R T« BEATAHUSE THE. PPAR S AR UE )T 51 Spese A2 758 T~ 20 A1 2N IR UL i 15 21
1) top-k MEERES 5" = {s1,50,.... s} B, k BB 3. KRB/ A KR IBEL P2 ), BIEBCE 0 EM (x, 51)>0.5.
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1 FH OB ) 5 45 SR 24 e P JEL R I, AW I A T ] ARG, 2R . [) IR SAg G e 3B A Ay 4 R 4, 0 9 6 4 R B
BridE EBR Oy 30Kk
5.5 ELAREY

N T RAEA SO PR e, A5 L — BRI AT T UL

© GNMT: 144 (1) RNN A8, SEHERLR LSTM 1F b 4rfffi # 4c. S % 0 IR 637 5t M TR S 40k
FLrp 22 I 2 A0S 2, BRARAS TR N AR B Ol 256. HARSHS HERINKE (https:/github.com/NVIDIA/
DeepLearningExamples/tree/master/PyTorch/Translation/GNMT).

o Transformer™: 31~ [y & I WU SEREBN PR W% 5.2 1 FT, SRA AR R U7 5 R i pph 2
B SHGE . ARSI 71 T 2 Transformer B2 ST

o Term-constraint"*": J&-J- 41 St ) K 8 58 0730k, 1% 074405 T append Fil replace i St FH -7 25 3 4L
. Append SR 2 1) it v AR ]38 0 20 AH B U5 i B 2 5. Replace SR 45 A) HH IR 3] 5 B 45 A V&
AR H bR AT TR A SO 0 % AR T AR UL append SRIEEEAT T ELAL

o NMT-GTM": ol 200 (1 S ZRABE 7. i fch it 1) FH 0 L i Ll e N ) 1 RSS2 31, AR o 5 )N T 14 WL
S A N ) R P A T R4 B L. B SR A GRU 22 2% B 6, AR SCS i, 40K S % GNMT Y
AT

o SoftPrototype!”!: — i A1) Jst B p 2R AT PRI 1 S I R SERERH AR R S0 iR SRR 5 A ]
(LR L A9 3R R 41 I A 2 i ) P A4 10 D 28 2 i 8 %o S 28 R AT i, A i ) P 112 Lo
PG R,
5.6 SKIRLER
5.6.1  BUK R EUE Z 0 TR PE R 20

ARSCTH 4.3 PO AR G 4UR bR B3R AT T otk Sl 5T EE B 2 K B oK H B R B 4R MLE B A 5 2
SRR LEAE]. SR T BT 5NN EA 280 B KA IR RIS 1 AR A 6 ™ 2 (R 52 0, 3RAT 1 BEE B ={10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%}, FEAN[FI IS UFEE b R TR ITAL . VPAl 45 R, 4 g A+ 0.5 & 0.8 XK,
PR AR RIS I T p=0.6 WL BIEALPERE. BEJS, BAVE T WE T 3 MRIEAL S5 LT TERAE. BuE4 R
VRS RO — 20 50K 5 BoR T B=0.6 BRMRALTEL (vi)— 9% (en) WAL LI PERE L.
5.6.2  SCHEIAVE B BRI E S R

R O ) A 45 AT O S 28 AR s A o, BRI S 20 0 B 5 AL, B i IR R e Rt B R AT
TRHE, PPN S5 LW, 705 3 [ ] SR T, 2 R A v /NI, A R SRR PR A1) 45 D S D A R, e L
R R P LR A5 B 10 2 VBRI, D ) 3B A D 42 JRy B 4 4 S R R S R B L 3 IR
PE . AL LSRR T R AR E s, a6 B (vi) -3 (en) FITESTR PR,

30.0 30.0
298 | RS T "
296 | . 200 | - , Ny B
) 7\ o] L / et
g 294 | Pl 5 285
% 4 k! Lot /
0292 | - Ty B /
- ~ - 2275t/
8 290 | / = ’
,/ 27.0 f
288 | e
" 265 |
28.6
1 1 1 I I I I 2640 1 1 1 I
01 02 03 04 05 06 07 08 09 1 2 3 4 5
B Replacement count
5 S p ORI BE R SE K6 SR R BN BRI e A S
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5.6.3 BLEU {H T

G T AR R AWM TERE, W5 30K 4 BR800 B, HaxkOh 7 WLGRAN [m] 42 e S B Scidk iy 40 2k o
BRI BRI R, AT T VAR AR 4 PR TR g A, JOh BN R B R TR SR,

o BRIN: AHEAT O B 280 AR i, FAT RO L e R0 23 A7 3R 7 DL A5 21 B 28 5 41 AR e R 2k R 4 (GF 4.3 71
A3 (12) HEHUL.

o AR: A 4 R 1 5 4 A il B4 SR B P A7), e ek U8 1] UG A\ ) - H %) BRI R AT T T R R 4. A SR e oK AL
DT J 0, B3] AR AN [ TS 25 A A ANTTGTC. 1B H ] U0 PR R RE DR Bl U DR i i) AN

o KR: Il H S B 5 48 A il Oy JEL 280 e 471, 308 3 S e ) 1] i ol A N ) 77 HP 1 PR R A T B %2 3 YR DL G AT 5 k.

o L: A FH Sk J5 I 2R bR B (5 4.3 5 A0 (13)) , AR EE 5.6.1 TR sEie gl R, B T Bl S E p=0.6.

KYE 2% 4 S5 R LI EZ S, AH L RS R B 4 1) Transformer 54k R 45, FETA% G0k 22 SEM& 1) s 0 5 90441
PRIRIAEE T M RESR T PR DUA SCBRIARER N 9], FAE B (vi)— 5% (en) BIRALS LAN3RAT 0.4 4 BLEU {H 4 TF,
B (en)—ilk (vi) AE55 F B M E AN A 2. BRAT T A 3 R G ) — AN = B R Bt B AR DR 28 1) 5 v S
5 DX T8 PR SCA A (R, (AR PR T, R R 2010 n] Y Js 28 7 40 L A1, SRR e 8 1)1 SR
T BRI BASE, RS 45 LW, AT AR J5, A S BITE T BIRAESS AR T — @ PR s Tt (AR LR/,
AT RE R AR 4 R e B = A T SE IR H AR TR S I A) T, AHE 2 B R R 4 A R I ROK T — 1] 22 SR R I
M. 52 AR, 7ERRE e ERRAE DL, 25T 0GR 1 k KR RO TEAL. BLAk, PRFDOh i 2 AR il S s 70 45 5
FH et 5 R 5 BB (AR+L A1 KR+L) , PERESAE LI — B4R T
5.6.4 RIBES {H Tl

4 RIBES Mo A SC e iR i) 7 vk 4T 7 VI, 25 S tn6 5 fros. v UG HUAH EL IR 4645 5 GNMT A1 Transformer
ASOOTEYIRG T BT, 5 R NMT-GTM A 4 A Term-constraint AH LG AL EUAS T o3t 42
HRFEAES b, AT EE SoftPrototype $435%45 T RIBES {H (K42 T ik & 5450 W] A S0y 2= g 0 i a3 F) ) i
RUFHIR LR 4R A5 B, I B S A) 7 (RAUFH) 192 5, A RERTH RS B

44 BLEU fHIFIIZ: R 485 RIBES fiiFli4s 4

w L= 7 17 e _ BHPETT )
en—vi vi—en en—zh zh—en en—de de—en en—vi vi—en en—zh zh—en en—de de—en
GNMT 27.34 25.13 22.37 20.29 26.18 29.67 GNMT 71.82 71.59 70.37 69.39 76.56 76.12
Transformer 30.21 28.20 25.64 23.32 30.55 34.07 Transformer 73.15 73.00 71.44 70.24 79.03 78.29
Term-constraint  30.68 28.72 25.76 23.49 31.58 34.73 Term-constraint  74.90 74.64 72.63 71.67 80.39 79.13
NMT-GTM 30.25 28.44 25.79 23.45 30.71 34.02 NMT-GTM 7436 7428 72.85 71.80 79.78 78.45
SoftPrototype  30.70 28.79 26.40 23.91 31.37 3445 SoftPrototype ~ 74.95 74.59 73.25 72.31 80.02 78.77

AR SRR 30.54 28.60 26.46 23.98 3134 34.49 A (KR+L) 75.71 75.46 73.75 72.47 80.88 79.53
A (+AR)  30.89 29.03 26.85 2427 31.95 34.93
AR (+KR) 3132 29.38 27.07 24.64 3224 3541
SO (+AR+L) 31.07 29.35 27.13 24.67 32.18 35.25
AR (+KR+L) 31.61 29.56 27.32 24.88 32.53 35.67

SR T BRI (bootstrap R FE, p < 0.05)

5.6.5 TR ZARE TR Bl XA R 1 i

AR SCAGE L TR LTI ) code-switching 720} 2 18 5 TN 25 8 mBERT BEAT T 30H, 5 2 Fifs 5 B 36t
FEBNGE 1) ) iR IR 5 S0 6 (g R, AH LR mBERT, 765 T2 0 1 mBERT L3GEASCIVE, 3513
TF340.51 /> BLEU {E 3R T BN DU AT BE S5 AR, Al 4 T b 425 49t (i s L AT AL 1) BERALE, 3k i 72
oA AR IL FE Rt R T SRR T SR R SRR S T T IR B2 ) i
5.6.6 i ALY O S 2 A Rl 1 52

85 5.6.5 17, TR SRR Aok Dk A2 0 P o LA AR 1) R A, S i 20 2 e e 7 2R A
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IR 2 FAT RARVE AR (785 5 R A5 BE DG A T A S 982 0 e ) 8, AR SOk ALT Bidii4E (http://www2.nict.
go.jp/astrec-att/member/mutiyama/ALT/) [ JE1E (en)-H1 3L (zh)-Z&1E (th)-ZHE (lo) FHEER AT TIAK LKL,
ALT #8672 t 20k 41-PAT ARG i) /NS 2235 AT a4, R RO TR 20 N R, i i imr. aE K
TR, ZRT - A [R)JE A T 2R 00 v P AR A 5 OO, B AN cp SO 5 2 R I R, 3R
ML SRS A B D)7 TH ALT-Standard-Split X FAEAT T V14, VI G MIIZREE . JAEER. MKEES 7l i 18088
1000, 1018 41 =15 AT A T #J . KH 4-gram BLEU {EHEAT 3 SO VTA

K6 TR RE Y 5L
P10

TR - - “FI4BLEU
en—vi vi—en en—zh zh—en en—de de—en
mBERT 31.17 29.05 26.70 24.24 32.12 35.25 29.75
code-switching+mBERT 31.61 29.56 27.32 24.88 32.53 35.67 30.26

M 7 AT LWL R, fE L (en)/ T (zh)—ZR (th)/2Z (lo) 4 NMRIAT S, He—FRAT S5 815K 1.18 4~ BLEU
HIEF. 52 A0, R (th)y—>2& (lo) L5152 T 5 231 1.89 4 BLEU {H A 7T e )5 BT ARALE
o, T 0 i) SR A B g, [ B g vk 5 A T AR AL A i 1 ) SR LS A AR 45 R ARATU Y, ARy
R IR AR N AR T 5 BT 45 Lo L3

RT TS AR 4 JU R A R 5

. WV 71
. en—th en—lo zh—th zh—lo th—lo
Transformer 7.53 7.38 7.25 7.11 7.27
AR SRR 8.71 8.44 8.33 8.2 9.16

6 & 1

ASTCER X H A B T AR N TR BTN, A7 AR 2R B ) S5 R S R A AR TR Uy A
SR MR 7 )N i R, 48 T R 2 SN R A PRI B U 2L B R R U V. S R A e R S R T VA TR
HH PR Oy Jr 2R AR e 7 R B T 2R 0 R A A e RS, [ P e e e ) e AR A, R R B ) i 2 e A N
A GG RS S HE 2R, LS KA TSV P 90 T 55 v SCAR B 1 [0 I 99 10 BB e B A R (R M. A L At J5U R 5 9%,
PRSP IR 2R 5 1, AN SCTTVERES 25 T/ RPAT R O TR 28 21 A0 Js R 51 A B A s 765 B A
3L, AR ST BENS 5 2 i) i A5 FH A AN D s 2 G e s = o9 S TR e B SR ALE () I e A i SR N b A) FE e Joi d J 7
FEBI T & 08 SRR B AR TR B P 91 5 N PR P £ R G SRR B0 E T A SO VAR AR B USRI T A AR B E i
HIMET TG I, WA SRR AN R IR THE 1R S, R AT, T 2R 45 58 2 (K 8o 4 L SEs T
Rk
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