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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.
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PanLex M A #iBlE4 1 B BN S T 85 RC 5 AR TE R R0 55, S0 (en)-# (vi)-H (zh)-18 (de) ]S40 5
6 1k Tl S5 i ] LI T B TC e Uy 2 B 4 SR ] LA B, AT i v O B A S . DRy e T AR T L
i AT, R AR AR TR R 2R 4% I A T (B HE, S 2T I DG ) R BL R 7.3k,

®3OERBLE

TR G/ TS PSS UUESE AR
IWSLTI15 enevi 133k 1553 1268
INIURSEATERE TWSLTIS en—zh 209k 887 1261
IWSLTI15 en—de 172k 887 1565
KIBLAT AL WMT14 en—de 4.5M 3003 3000

52 BHRE

A SCRH Transformer HEAAE 4 SEILF &, B XMICHR G ST WA M 45 S 4080E . FA157% T Sennrich
2 N PR R IR PO Ab A 2 WL B PR R A HE T B 5, (38 J2 TE Ak N g 3k 1) dropout. 4 i 2 R gt i)
R BT 2 2 A M g, R ISR B E R 4. BRRESYERE . R RN BE SO /IN B R 256, B 1000
YORA G BV AT BB VR AL . {4 Adam IRAL AR HEATBEEY S 5004k, dropout FIARZESEIE B E K 0.1, FIUR2% 2] a6
91073 MR BE B AT F A2 R R T A, SERTERE R 4, KEEAE T E N 1.
5.3 FNiERR

P R/INE ARBUK ) 4-gram BLEU {f PO N BESOREVE R b5, YE AR /NS ARBUZ K multi-bleu.perl.
ST M £ A BE SR B 0B RE, 55 4R ] RIBES (rank-based intuitive bilingual evaluation score) " E47 4 B 7M.
5 BLEU PFIUA R, RIBES PP 77 723000 7 - 233 B8 SC A7 2 45 IE A, & A TR R IR BE N iR S0 g VP ).
S AL BLEU 18 45 5, #9711 bootstrap T RAE 712 PIHEAT T W25 .
5.4 [LECTREE

W 3.0 A PTR, ST EOIUC S, R FM (x, ) BEAT AU V15805 RIAT 45 20 55 A0 RSO VT e 7 91, 1 43 A7 20
ARV B SE A 208 5 TN SRR mBERT 73 314 1% 0] 5 RAE. 2R171, B4R mBERT & T 2 Fiif 5 14545 31,
BRI B A W ES TR (5 5. DRk, Sh 7 S DI 0 AR S48 A B T 40 1 D4 D B A i v, o U
B E S HERE SRS, A S FRER TR WU code-switching 753% P% mBERT #E4T T MO, (2 FHE= B
IR BN — 1 1) S (W . 24 AR IRULAD EM (x, s;) 2558008 )5 () mBERT 453 210 7 [a) 53R AE, B J5 {4 1 Faiss
THUL IndexFlatL2 J7 ARG HEATHARUE THE. VPGB ARBOITTAC T 51 spex A2 75 I8 T4 A1 KR I AL AF 21
1) top-k NEERES 5" = (51,50,..., 50 B, kK WEN 3 KRB AT R R ITECFF I, B % E N EM (x,5:)>0.5.
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TEA FH OB ) 5 45 SR 24 e B SR I, AW I A T ] ARG, 2R . [) IS SAg G e 3B A Ay 4 Jm R 4, 0 9 s 4 R B
B e LRy 3 WK
5.5 HLkRa

N T RAEA SO PR e, A5 L — BRI AT T UL

© GNMT: 144 (1) RNN A8, SEHERLR LSTM 1F b 4nfffi #5500, S 2% IR IR M 637 5t M TR S 40k .
FLrp 22 I 2 A0S D 2, BRI IR N GE [ By 256. HARSHS HERINKE (https:/github.com/NVIDIA/
DeepLearningExamples/tree/master/PyTorch/Translation/GNMT).

o Transformer™: 31~ 133 & I WU SEREBN PR, s 5.2 1 FTk, SRA AR R U537 5 R i pph 2 i
LSRR E . ARSCPTHE 71255 T 2L il Transformer A7 SICHY.

o Term-constraint!"™': 3T~ #h i) e (1) 5045 19 38 7 v, %07 1042446 T append 1 replace W3 Ff S i T 7= 2 B
. Append SR 2 A 1) it v AR 128 0 20 AH K. U5 i B 2 T Replace SN 2 4 U5 A) HH IR 3] 5 4 A V&
AR H bR AR A SO % AR T P RR UL append SEISHEAT T HLAL

o NMT-GTM": —Fof i 200 (1 S ZRUABE 7 g fch it 1 FH 0 ) i Ll i N )1 RSS2 31, AR o 5 )N T 14 WL
S A N )RR P A T R4 B L. B SR ] GRU 2R 2% BT, AR SCS s, 40K S % GNMT i
BEAT.

o SoftPrototype!”!: — 1 A1) Js A 2L A A PR IEL. 1 S I R SERERH B R S0 iR SRR 5 A ]
(LA L A5 3R R e 41 I A 2 i ) P 04 10 D 28 2 8 5o S 28 R AT i, A i ) P 1192 L o
PEHIME iR,

5.6 SLIRLER
561 HURHHGRZH BV RSN R

AT A 4.3 WM GE R R R R BOHEAT T oo, I 5N B 28 p ok A Sh iR IR 4G MLE $ R AL
FIRLR AL, R T G5 N IR EA 280 B KA RIS AR A 6 ™ 21 (R 52 1, 3RAT 1 BEE B ={10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%}, FEAN [FI IS UELE b R TR ITAL . VPAl 5 %W, 4 g AT+ 0.5 & 0.8 XA,
BB AR RIS I T p=0.6 WL BIEAPERE. BEJE, BAVE T WL T 3 MRIEAL S5 LT TR, $uEgi R
L VPG 45 RARFF— 20 S50 5 BoR T f=0.6 BIRRBLLEEE (vi)— 3% (en) MIRAE 1Ak B th k.

5.6.2 SR S R (D0 I B AR K S

FI ] S ) B 4e dEAT O S R AR e R v, A T S A s 0 e v R 45 R, B A T B b A M xR (AT
TRHE. PPN S5 AL W, 705 3t [ ] SR T, 2 R R A v /NI, A R SR R A1) 45 D S DA R, L
SRR FR SR AT U R AT R T 2 B BRI, Tl ) 3R A R 4 SR i 2 G BEA) B e B0 B R 3 I R
P, A LSRR T R AR A a4k 6 B (vi)—3E (en) BITESTR PR,

30.0 30.0
298 | 295 ¢
2.6 | 29.0 +
o g i
5 294 | g 285
@ Z o280 f
2292 ¢ B
= 2 275t
M 290 M
27.0 +
288 |
26.5
286 |
1 1 1 1 1 1 1 2640 1 1 1 I
01 02 03 04 05 06 07 08 09 1 2 3 4 5 6
B Replacement count

5 28 R BERTERE I Bl6 DB BN BRI RE (KD 52 1)
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5.6.3 BLEU {H T

H G T A FIEL R AWM TERE, W5 30K 4 BR800 B, HxkOh T WLGRAN [m] 42 e S B2 Sck 14 2k o
BRI BRI R, A AT T VAR AR 4 PR TR g A, JOh BN R B R TR SR,

o BRIN: AHEAT O B 280 AR e, FAS RO G e R0 23 A7 303 7 DL A5 21 SR 28 /5 41 A e R0 2k R 4 (GF 4.3 71
A3 (12) HEHUL.

o AR: I 4 R 1 5 4 A il Oh SR B P A1), e ek 0B 1] OGN\ ) - H %) BRI R AT T C R R 4. oA SR s oK AL
DTS 0, 3] AR AN [ T 25 A A AT TC. B8 H ] B0 PR oK RE DR By, U DR i i) AN

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

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

KHE L% 4 L5 BT LI EZ S, AH L RS R B4 1K) Transformer 54k R 45, T G0k 22 SEM& 1) 5 0 5 9040 A1
PEIRIAEE T M REAR T PR DUA SCBRIARER N 9], JAE B (vi)— 5% (en) BIRATS LAN3RAT 0.4 4~ BLEU {H 47T,
BE (en)— il (vi) AE55 B M E AN A 2. BRAT I A 2 B 5 ) — AN = B S DRt AR DR 2R 1) 5 v S
15 DA T8 PR SCA A (R, (AR PR EE T, R R 2010 m] SR 28 7 40 L A1, S R e 8 1)1 SR
T BRI BASE, RS 5 LW, AT AR J5, A SCEEBITETE BTSSR T — e PR s T, (AR LR/,
AT RE R AR 4 R e B = A T SE IR H AR TR S I A) T, (I 2 1R A e R A R N ROK T — 1] 22 SR R I
M. 52 AR, 7ERRE S e ERRIE DL, 25T OCHIA 1 i KR PR TEAR. BAh, PP Oh i 28 AR il S s 70 25 5
FH et 5 3R 25 BB (AR+L A1 KR+L) , PERESE LI — 42T,
5.6.4 RIBES {HiFill

4 RIBES Mo A SCHTHE HR i) 7 vk 4T 7 VI, 25 S tn6 5 fros. o] UG HAH EL L4645 5 GNMT #1 Transformer
ASOOTEYIIR T BT, 5 RAER NMT-GTM A B S Term-constraint #H LG AL EUAS T o3t 42
B RS b, AT EE SoftPrototype $435k45 T RIBES {H (K42 T bk & 5450 W] A S0y 2= g 0 i a3 F) P i
R HIRHLR 4R A5 B, I B S A) 7 (RAUFH) 1925 5, A RERTH RS B

# 4 BLEU {HIT4ZE R (%) #* 5 RIBES {HIFIIZE R (%)
. _ BET7 17 e _ BEETT 1)

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 2029 26.18 29.67 GNMT 71.82 71.59 7037 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 30.54 28.60 26.46 23.98 31.34 34.49 AR (KR+L) 75.71 75.46 73.75 72.47 80.88 79.53
AICHEA (+AR)  30.89 29.03 26.85 24.27 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

i SRR T B MR (bootstrap FERAE, p < 0.05)

5.6.5 TRV ZRASE UL 2 () 52 )

ARSCAR 2L TR BN LK) code-switching J5 ¥4 2 1 5 TN ZR M mBERT ZEAT T 30R, ¥4 2 Bl 5 A3l
FERNGE I ) iR ). JS S0 6 (A L W], AHEL )RR mBERT, 7E5E 12251 G0 (1 mBERT _L3SIEA I %, 349
TP 0.51 /> BLEU {H 3R T, B DU AT BE 5t AR, Al 4 1 b 425 49t (i e LA AMLLR) 1) AL, 3k i 2
oA AR IL et R SRR T SR R SRR R S T T SR B2 )

5.6.6 ALY X 4 S 204 A B FR) 5% )
585 5.6.5 17, TRUYI AR R Aok kg A 0 P T ol LA ARALL I 1) S A, b i f i 20 2 e e 7 2R A
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TR BAT RERVE T AR 8 502 15 S0 I3 FH T A SC 752 BRI o), AN SCRE £ ALT 4l 4 (http://www2.nict.
go.jp/astrec-att/member/mutiyama/ALT/) [ JE1E (en)-H 3L (zh)-Z&iE (th)-ZHE (lo) FHEER AT TIAK L ILE.
ALT #¥s 8L th 20k 41-FAT AR e /NS 2245 AT a4, R R B RS 20 N R8P i mr. aEHUr
TR, ZRE- LR [ 8 1AW B R (6 v AR AL 8 5 PO, R S 28 R 1 22 K. R
AT S B N B )53 TR ALT-Standard-Split X437 T U145, VIZr G RIIIZRER . TRiEge. WRAEE 50 th 18088,
1000, 1018 41 =i FAT AT M. KA 4-gram BLEU {H#EAT 3 305Ut PPAl.

K6 TR B SE

R 1)

TR A 2 - - P ¥IBLEU
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

AT AT LRSS, AETE (en)/H (zh)—38 (th)/2Z (lo) 4 DMRIPEAT 5, - AT 55 215K IN 1.18 4 BLEU
HIEETE. 5Z M, & (thy—& (lo) (55132 T 804 B34 (1 1.89 /> BLEU {H KR T, W] el A2 Xt AR L 75
i PR T A S O I, () I R AR AR AR A AR 80 ) ) 7 S PRI LS . AR R BAT T, AR SCT7
ARG I AOARALIE T 5 R AT 55 S R3S

RT AR 4 SR A R 5

Hm R )
en—th en—lo zh—th zh—lo th—lo
Transformer 7.53 7.38 7.25 7.11 7.27
AR SCRERY 8.71 8.44 8.33 8.2 9.16

6 &

ARSCER RS H A U R S5O 7 AR N AR BRI B, A7 AR A6 28 21 10 I 0P ) B AN 2 B AT i R 47
SRIVIME 7S I ) R, $ H T R 2 S S R A IR BE I e ML s B P g 0. B L & e R A R VA A T AR
H PR P s T 2 5 VR BT D 2R e B R R P A0 AR i () B ol e R AR 5 A, A R B 1 S Y e B RN
TGO AR A S AE S, LS AR I TR P 910 T 5 v SCAF B A [ I P S99 10 SRR e B0 SR PR S 4 LAt Js B 5 0%,
PRSI PP SR Z 5 T, AN SCTVARES 2T/ BP AT TR O R THR 28 210 Js 0P 51 i) B A e s 74 B A
7 T, AL 5K RS A G i i A T AIA T ) J5 2 G B 8 22 = D 2R P S A () B 90 e i SR N M) P v oo i 2
FEBI T & 08 SRR B AR TR R P 910 5 N PR P £ R G SR B0 E T A SO VAR AR B USRS T S AR B i
HIMET TG, [N R A SRR AN R IR THE 1R S, BA AT, T 2R 5 58 2 (K 8o 4 L SEE T
RHIITk.
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