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Abstract

In this paper, we provide a comprehensive review of neural machine translation (Neural Machine
Translation, NMT) methods based on language knowledge, with a focus on how to incorporate
linguistic features and knowledge into NMT systems. First, we introduce the basic concepts and
developmental background of neural machine translation. Then, we discuss in detail various ap-
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proaches in the areas of data augmentation for NMT based on language knowledge, and improve-
ments to translation model structures and the integration of external language knowledge. Finally,
we summarize the advantages and challenges of NMT based on language knowledge in practice
and look forward to future research directions.
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1. 518

A ML 25 801%(Neural Machine Translation, NMT)&Z& T 4E K H SR1E = AL FEATIS (1K) — KHF 7T 4, NMT
CAERZIE T RIS h IR 7 R E RS T . S8, NMT RG/ERZ 77 R m e Hkak, It
HEX TEFSMEREFEARKES Y. AT RSP, 20t N IR R W iE 5 %
FRIEFIEIRRIN NMT R0, A2 e B 18 5 = A0 AL R

AL EAEX T 16 T FR RPN S Bk T A i B, A8 TR =TT, AT & e
PPN TR A S AR R 5 (CB 2 1) #58, IRATETEGIT IR T8 5 AR ph 2 WL 25 0 R4
PE IG5 77 10 BRI Y 5O T7 T ARl RIS AR DT T & MR CE 3 AR 4 7). E, AT S
SEE TR S AR AN S B PEAE SE B P AR 5Pk, IJFR AR AT MCE 5 1),

2. HENFMENELFSNLRE SR

M LN ES B PE(Neural Machine Translation, NMT) & T & K2 H B —Fp 3t T 7 51 21 7 51 A T o) 0
PEHEZL: FIH KA 2 M2 URE 5 P IR B ARTE S P 4001 [2]. @l 1 Fs, ¥ X1~X4 A\ 9
#¥(Encoder)H, A5 & iF = N4 1 R SCAE C1~C3 BIAHCALIE, &5 M fiEiD4% (Decoder) K4
HEIFEL R YI~Y3. @ ZFERKE, NMT E&FIE S X Er2A T H DA (THE 42 AR 50 47 iR B iR 45 5
B — R B BRI TR LS B AL . X T A TR R R AT IR, IR AR R A A,
EAMYAAR SO E, FR AR AT, o8 T RIS BT 7E B ar R # .

Google HIBIRAFEZ JEHEH T 56 43 T4 E & JIHLHI ) Transformer 45449[3]. 1% BAK; Transformer
FEN—H)iE:  “Attention is All You Need. (VER /72 R 77 L2145 7 VE B TALHI AT DU K R B35 44
A, AL S RIAIZ ), BRSICAE K EE RIS R, 59 A e A R i B ML SRR AT AT
ol 2 froR, Transformer 4544 IR\ A& — ) U 1) 516 i) 2 98 7 A0 OO B IR A7 B w15 5L, RS 1)
Bl 2R — 2 SR N 2 ki R oLt 2 8 2 AN B LR AT S B, DISRECE 2
JRTHE G R, RJEH S AR IV SR ) &5 ST PHEA &, BRIRAMNE R . Transformer 25
T (R0 25 I 2 L 4 T R B B A 22 B Fh B R S0 RS TR DUE I B R4 5, EC AN T
PLESEIIRAE S5 1 AL . Transformer T IBE R 1 &MU . AMUAELE T B AE S EIR3R
Ak, WAETHE NI B B 7 SRR B An el S5 AR SS9 R EUS TANEEIROR, BT T ENLRL G A
HOET R AR R A (]
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Figure 1. The basic framework of neural network machine translation
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Figure 2. The basic framework of transformer

& 2. Transformer FYE AREZ

3. ETES MR HEH S8ERIEEE

AP IBSE NAE 2021 SE X FR R TTIRIE 5 P2 g HLAS R R FU3EAT 1 2838, H A K& 2 e s 7t
[4]o TEMANLIERIBERBARIG R TT ), SEARAMESR “&” , @iER B R REIRL DA puE i 2
— P RINI AR . Marlies 25 NIRRT HHRIFIEE NMT _ERRCE, R 3h S B0E ik 7 iia a1
HIPERE[5]. Zhang S5 A 0] NMT R IE£EEAT T HF IR th 1 72 8% STHELE Tk #0185 BB R
V)7 RA AT IR, DUR AT REFRAC N LHRERA[6]. Wang 55 N U4t E U8 ek 47 1
AR IRE AT 7] ABATEERT NMT 42 7 —Fh 2308757, DOPAT IR B 3o A, b 72m] B
BN S NMT FIVERE. B NTEECH 0% I JE it 2 b R 280 00 5 14 380 6 e 12k o i P Y A B 3
TR [8] 6 XX & N H2 17 T [ IS B VAR DU L8 B 18 () A1 N 7 7%, AR SOERHEEAT 1 2 P B[ 9]

HIETRRLE — MR EEN R, BREHER. FBOTEMRS, A SEE R S BRI
SRR . BETER R 72 Sennrich S8 S H ISR B R #41E 7732 (1M1 (Back-Translation)
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[[SE

[10]. FIF BARE 5 FIE ERIE O SOE SR, RN BN GRIERE . X Rl B BR] A SABE e iR e Bl
B I FEABCEH AR, JER A, KIESE s TR . 7R b, Caswell 55 A3 H
el B B R [ B R TR R R FE R VA1) Khatri 28 AFETC B NMT i1 7 [BIERE[12], Wei 2%
N T S R ARHESE[13], Abdulmumin 55 A$&H TR A IR 07 5k oo B3 14], Hieu 55
NEFHHERH AR T — Rl % B I Meta 22 STHESE[15], #EUAR T AHESORHIESE B . Jiao 5 NI\ T S
WA NTES, LABG Ik NMT B8 I 2552 208 2 1A BRI T4 16]. Zhang 55 N2 H T —FPiE R EE
BRIV, R, — RO TEE S, BRI HIE S . AR A
SPAT RN IR AR H bRf), SRS AR s RS B A AT D) B i it [ AR il 2 AN D At o R
FABES A, AT “IRBN TR KBS 2B, ARG T HKA RIS H R A
I 22 B A R RE R G AR b, B T B R 17].

B ORI B 0 (0 5 38 AR A T b, R A SR B — e TR AT 14D ] ST 5 46 1D R 3 i T
[18]0 B Sy & N 0T 35T B8 JORLRE I B 0m] B AT TR, S T — Bl T 5005 B 4 DU Dy P AT RO A
FJ7%19]. Song & Nifid HARE 5 1 B bRi iho AH RIS 5 3047 7 B e, M 5o 0k i e e B ek
FE[20]0 ARARESE NFRH T — PSR R R B 58 PR GRS BB T VE 21 ] TR — P9 AE N B2 H — Pl
A BN 3 B AN 22 FE A AR RS SR 7 V2R LA B PR PR R[22

A5 FHE 5 R0 R AT DU T BB 3550 . Zhao S8 ANFRH T —Fh MXGE A7 18 b} Hh SR U= 1R 20T
XTI, BRI — s S B R S SRR U AT 5 R B, XA e U7E S 1 s o] AR
FIMN 23], Baziotis 2 A$EH T —FBi ik, H B RHIZRI0IE 5 BB R A 50 MRS SR Z M
IR P, TE R IR RSB B AE 2E L0 A I B Bk [24] . R EE S AR T —Fh{E g
A1 Mask 22 Bl & BERT I ZREN R AR ZE I8 40 2 WL AR B0 12 772 [25] . m R & AR g 251 L A7) 4 Y
(AR A X 28 G g A AR, d e I R A5 A W] DU P AT AR RO AT AT, AR [R]—38 X2 [A)_ X Al 34
D PAT WERNEAT IR 20, 08 T 15 20 SE AR I DO AT IR 2610 Ji 55 AT T Mg 75 11 Ak B 5 ' AR T 1)
S R RS BT DA B AR A ZE AR B0 NMT {45+ 8 472 7+ BLEU (Bilingual Evaluation Un-
derstudy) 7> FAAC A 7 41 O HERRPE27]

zi b, DUERIBEE G SR 7T A Tp BRI . P SRR SR A B e S S AR T R
HNE, WA RS FIRES ARG RER.

4. BIEFRRSWBUE SR AIIMNBES MRS E

Transformer 45 F4 [ #H 2 HL28 BH R AR CLAAE 2 AME A 10 BH RS2 50 F S T L AR S8 47 R B e 45 1
MR T 4 HTHLES B EAE 25 1 i 8 . Song S5 AFRH T —FhER XI5 5 200 12E 10 NMT A8 S50t 7
£[28]. Xiao F NFRH T E T XUE SCAE AT 55 1928 B AN BHIET775[29]. Zhang 58 A$EH 7 —Fpiiis
TR token N LU AE 2] Tk, HL AR RRAMAAD D R (VT B EOIR A5 A LA T AH RL 1] A Bont bl 77 s oAt
BRI B 5F A, AN AT DASE 25 3R s B R R, I ) DAY SRRV 22 R M AR A BRI R 25 (R [30]. Currey
8 N FHE 25400 T IR A A AR AT 7 VAE AR B B Transformer 2K 5 0 N BHEVE MRS B AN, 78
FERAR R ITE T B SR, HRERIREE B S A LR ERM FRE31]. Li AR THRRIKSI
PRI, DL SR R IR SR N SRR 42 R0 = 5 RS, TE3R 7 s BRI B 0 2 T #1232

WIS AE . LRSS T 215 S B RAAIE S FERM—F 7 . 52 H Sennrich &5 K4
T3S R NRHE L A, RIREAS [F] FRRAE () B P AE — 2 [33] 0 %7 VAR & R IEA WARAFAE | i R iC R AIE |
TERSFHAE 1A AR TE R AP AR ICRRIE S o 5341, Chen S8 AR IEIE 5 IAKAFRHE Al & 2 S ML B3R [34];
Qing-dao-er-ji 25 NWFFT T S DUGEAE K} TRAL BEAI S AR RIS LSTM B[R EE[35]. 7R H
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i

FEIEAS B RA 77T, Zhang 28 N 22 7EF 00 I NMT _EIMABAMRHE “35E 7 o BEADGE R BB H 1
WFTCIEYRL Subword, FT LABE T FRFGUAIE R T DT B A E /MR E R A A B T b fiPRss
RIBIR TS UERHIE R A AR AR R R RE, B 20T LRI BE S S 28 3 % A B DD (M B 1A] [36]. IX K
TEY TR T dmtas AR 28 450, FERlG B 2 118 5 2 EE, RN s 7RG S o Es HisE
FARE .

FRERAE FE IR S 4GS, Eriguchi 58 A$2&H 7B 27 51)(Tree-to-Sequence) #f 22 #1245 Bl 145
B, RA-AETAER IS, BKR EHRASIEE S A7 RS EME B [37]. # TR Chen 55X}
Eriguchi 55 A\ $2 H (12 T A0 I g 25 64T 1 5iAk, 3R 1 XURl A ER it 4%, o] AR @l G055 1
JF AR R FIRAR R R FHIE[38] . GuiF N$EH TR B A S i A2, 2B A i s S5 G ol 1 AN e
AR S FA A 25 4 [39] - Pham %5 A\ 4878 Transformer A5 7 ] DL AR5 25 5 B8 A1)y 45 4, (H R[5 FH B
TRER “ 2RV TAS R LIERRIOC R, ] ASRAS AR IR B R UR [40]. Chang 58 A X #HEEHLAS IR
DS EAT THHAE, Gie BARE S A4, Imiddedlnl URIOEIE 5 ARG 8, fEAEFR A TAT 55
AT RNN [41]. Zhang 55 N\ A4 G)7 I8 SRAE -5 3558 1] [m) B 4G ok, W99 1 M pLEs B RRAl i3%
PU[42]. Wang 25 N\ 230k A)iE(5 SN Transformer ', R T2 IRt RIRATLLE
BB B T A AVERE, I HARLE T — K () Transformer, 1 5 B8 I PEREA P mi[43].

B T LiRAERANR, B HARE S AR AT LRI . Moussallem 25 A4 HURHE R 017 B RS BN A 22
PLAS R R R T 735, w] DASE S (11 SCRFAESEEL, AT SCAS h SEARFIARAB FIL B 1R, ok
AR B [44]. RS AR T MR ARG IR T A RS IR SRS SRR AR
PR A BHIEARAY[45]. Duan 55 N2 B WXGE M2 BRI R I B K, 1-H T RA AT H)FHEAT L
S LS UGE R BU AR TV, DAY AR AL 28 R A A DU ] SR B BB 1B R R I e Ak 31 22 K1Y
W [46]. WEENSEH — P T 218 F A GRS 22377, £ Transformer HEZE R
HEE WP PAT IR S BUD B e vi R AT DG U 2R LAR DR AT T RHE & I R1RAE B 471
Chen %5 N LA—Fft 55 i 22 o 265 e 25 14088 FH 07 208 S8 1T BRI BE 5 B S WL BRI R, AT 78 70 1 2
AT AR RN ORI 5 NMT HITERE[48] Lu £8 A4R H— A2 U NMT B4, 7E gl Bodb AT UE B A .,
NGB, SIN T — AT A SRR ZRAESE[49]. TR ASEH 7 —Fl i R, REREH L
Hh A ANR F R B R TR R A S5 M5 2, INITIA B4 TH B SO & 1 H [[50]. Leong S AFIHZES
Transformer AL AT 8 R EEIZ I =42 B A RIIMA) 7R, 0] DU SRR SR LAS B R[5 1].

HPERFIF S FARE R IR T . XUES . PSS, AT LG R AL 380260 22 >
T, ] DR I 28 HLAS B0 R 10 W] R . FEREG X B BT, Li FEASEH T AL TR )
ML A% 5505 B3R AU 7%, Horh EAM #7 (Explicit Alignment Model) 75 2 — MU E M FE W, FFitH R
D N H bR BRI EAR . HT WOHBOR, PRI RR EOR A AR I 8, IX Le i Y fast_align H 3
e R VR A TN 25 (Prediction Difference), RIDKR R &) A ] B 1A] [ = B 3008 0 [a) &, & T0
HIME AR o B ZIE B T $2 iR A0 TR K ) S 3m] BN S5 T 2, G B T8 BRI o S I HR (520 AR H5E
N GEERE 5 1 77 R0 DO (B 45 0 72 AT @A, S EDUE S5k i R TE 5 2 R AURHIE,  DLIR
FHIUEE RSO R B AN T AR [53]. Song S8 A$EH T —Fhih & X 555 S8 NMT HEZE[54]. Wang 55 A7
TAEATIERLE LR 28 S A 000 B TR, 531 7R SUR RIS (R0 55 2808 DU TR 3
H[55].

TERLEIE T ARG HIRITIH, Zhang 5 NS 160 H BANE F DT 3EAT 70 RS FAb BRI 7V
PRI T FHERIFE BE[56] [57]. Zhang 55 NIBAED H G b B A4 I 24 AL 2 80 1 B T 3070 i a1
WFFHE I, 32T 70 H Jo B i 22 0 2 WL 280 PR 5T [ 58] - Du 55 A LAHE & (Pinyin) AU I R4 N FRHAE
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TE ADUE N IRIE 5 AR 2 LA B R 4 o 7 BT [59]. Tan % AR Zhang S AN L TAIH HZE
(Wubi) 4t 7 2R D iR AL T ENRIGE R AIE S B0, SEIL T H SO 7590 NMT R&40[60] [61].
Halpern 55 A\ 1518 70 H B8RP 00— S8 3 32l {1, 90 45 4 1) ABAR R TS IR RR 18 I RIS 4%, 48 T —A
FH A ET T A i 44 SR R R KA SRR, FEUONE I B AL, ATRLR RS NMT REMERE
JRiE[62]. Saunders 55 N EF5H AR FIFIEN R W, SR T —FPh H BIRHE S DO T o R S TIUAL 3
(T 77926310 HREEEOI AR NGB H AL mD BB SRR, S T H DO BB s (64, MEA
MEME LR SOt 7 & 0 2 TRIS B RIA T O H LB 65 P RERE T#H
Subword, FHARAMI, FIFH AN S, SR S I R SRR AR A5 2 AN U2 X 2 AL 2 R 128 1) X
BETT5[66].

5. 458

MRAEASCHIA AT Tt R A, W] DA A28 T35 35 AR s S Las B B LU RS

1) P, WM LETEF AR, GlanE. Ak, 1 CRRNCSE 7T AR, AT LSRN
FHVERERR AR I, AT P R e i

2) FRRIERSE: i E R DA BINL AR RSB R A T AS A S ELE, AT R 4L
ORI, AL B NE A R U T 5 X AR 55

3) AIMRRETERE LY TR AR B I0E F R DR AR G AT R, RO EAT TR A
TNGSEF SR B AR XA BT B 4 S PR AR AR A e AT R

B TR APk LT LA

1) ARkt 3118 5 ROR AR L S B VA R W 5 B 2 B RIINZR, ROV el 201
F A AN AT 2R BB E X, R R BONNMRETE SR, AT AR MESRIBUAL % 1 i i Y
IR, X RmE i RRITERE

2) WBE 2R AFNES ZAFEE RN ZES, KRR AMAIAERNC . EEMTE 7w, &6
FEA . IRANERIA T G T . PRI, T30 5 IR e N Las B T 5 7 B R ARG 5 Z M2
FEVE,  CASR Rl R A HE R PE AT 1k

3) BRRIRE . RS AR NSRRI W R A R AR OB, X gl S
BATHS A, S ASHASR B X LA R AT AL o

2, RF AR A AT LR

1) i T 5 IR RS 2] WS 5 R A AR B R o B R R LB B R R b, DASR
T R R AR

2) ZBESHLEERE: TR A FRBESE S mIREE, BlinsoR. BIGANESSE, a5 kit ir#l
P, DU i 2 SR 75 3K

3) BFEANIGERIE: eSSBS AR EAR R, A OA 15 S ARIE SRR T %
FEANLE B, AT SEELES I 5 B IR AL -

4) FEREENL A B AT LA AR AR e A R S B AT R, A5 T LLSE G B i
BRI AR ZE R, DUEREAT B4 (28 LA B A5t

MHLE BB SUR DU, 2 T5 5 IR OB Sk Stk e £+ 33
TR RE, REAENAYONETESRIRIOILSIECS SERIL” , —Sit i thigm 17—
MESRHIWEFE o (B —J7 1, FETI5 5 AR B R A R G sk A P 2 A, 2 TUER
PR A S R G — SR T o R T —F0oF & WHEE CARANIT TS5 T

DOI: 10.12677/airr.2023.122013 102 PNER ST IR YN


https://doi.org/10.12677/airr.2023.122013

[ S

T F FR AL B b i 2 M e, (X R GRARME IR 55 T L IE AT FRON LA B R . DRIUe L4
PR AT R R F RRE B REIN.

E&WE

LT BT w5 R AR H (1 _E 7 4E A A T H) (Grant No.LJKZ0267), JLFHH T K%:5] #
B2 RN A BHIE SR (Grant No.1010147001004), 6 B 3 T K 22 BRI A1 38 1 B 22 3 1 %)) %5 Bh 350 5
(Grant No.SYLUTD202105).

&E 3k

[1] Bahdanau, D., Cho, K. and Bengio, Y. (2014) Neural Machine Translation by Jointly Learning to Align and Translate.
https://arxiv.org/abs/1409.0473
[2] Luong, M.T., Pham, H. and Manning, C.D. (2015) Effective Approaches to Attentionbased Neural Machine Transla-

tion. Proceedings of the 2015 Conference on Empirical Methods in Natural Language Processing, Lisbon, 17-21 Sep-
tember 2015, 1412-1421. https://doi.org/10.18653/v1/D15-1166

[3] Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A.N., Kaiser, L. and Polosukhin, 1. (2017) At-
tention Is All You Need. 31st Conference on Neural Information Processing Systems (NIPS 2017), Long Beach, 4-9
December 2017, 5998-6008.

[4] ZEVEEL, DR, FHL MR EEE S A MBS BRI T4 IR D). B B EEHR, 2021, 47(6): 1217-1231.

[5] Marlies, W., Bisazza, A. and Monz, C. (2017) Dynamic Data Selection for Neural Machine Translation. Proceedings
of the 2017 Conference on Empirical Methods in Natural Language Processing (EMNLP), Copenhagen, 7-11 Septem-
ber 2017, 1400-1410.

[6] Zhang, P., Xu, X. and Xiong, D. (2018) Active Learning for Neural Machine Translation. 2018 International Confe-
rence on Asian Language Processing, Bandung, 15-17 November 2018, 153-158.
https://doi.org/10.1109/TALP.2018.8629116

[7] Wang, R., Utiyama, M., Finch, A.M., Liu, L., Chen, K. and Sumita, E. (2018) Sentence Selection and Weighting for
Neural Machine Translation Domain Adaptation. [EEE/ACM Transactions on Audio, Speech, and Language
Processing, 26, 1727-1741. https://doi.org/10.1109/TASLP.2018.2837223

[8] HAF, Zl-HFIR, FEARR XL, & HT 2R BI04 EYE ], BTTRA AR (8 R B
JiK), 2022, 61(4): 660-666.
[91 XU¥k, xUM, sedse, 2. T A0 B VR A DONL 28 Bl 3R I UG R VR T]. TR T R 32 23 (B AR FHE IR, 2022,
61(4): 654-659.
[10] Sennrich, R., Haddow, B. and Birch, A. (2016) Improving Neural Machine Translation Models with Monolingual Data.

Proceedings of the 54th Annual Meeting of the Association for Computational Linguistics, Berlin, 7-12 August 2016,
86-96. https://doi.org/10.18653/v1/P16-1009

[11] Caswell, L., Chelba, C. and Grangier, D. (2019) Tagged Back-Translation. Proceedings of the 4th Conference on Ma-
chine Translation, Florence, 1-2 August 2019, 53-63. https://doi.org/10.18653/v1/W19-5206

[12] Khatri, J. and Bhattacharyya, P. (2020) Filtering Back-Translated Data in Unsupervised Neural Machine Translation.
Proceedings of the 28th International Conference on Computational Linguistics, Barcelona, 8-13 December 2020,
4334-4339. https://doi.org/10.18653/v1/2020.coling-main.383

[13] Wei, H., Zhang, Z., Chen, B. and Luo, W. (2020) Iterative Domain-Repaired Back-Translation. Proceedings of the
2020 Conference on Empirical Methods in Natural Language Processing, Online, 16-20 November 2020, 5884-5893.
https://doi.org/10.18653/v1/2020.emnlp-main.474

[14] Abdulmumin, I., Galadanci, B.S. and Sinan, LI. (2020) Iterative Self-Learning for Enhanced Back-Translation in Low

Resource Neural Machine Translation. Proceedings of the Tth Workshop on Asian Translation, Suzhou, December
2020, 170-178.

[15] Pham, H., Wang, X., Yang, Y. and Neubig, G. (2021) Meta Back-Translation. arXiv: 2102.07847.

[16] lJiao, R., Yang, Z., Sun, M. and Liu, Y. (2021) Alternated Training with Synthetic and Authentic Data for Neural Ma-
chine Translation. Findings of the Association for Computational Linguistics: ACL-IJCNLP 2021, Online, 1-6 August
2021, 1828-1834. https://doi.org/10.18653/v1/2021.findings-acl.160

[17] Zhang, J. and Matsumoto, T. (2019) Corpus Augmentation for Neural Machine Translation with Chinese-Japanese Pa-
rallel Corpora. Applied Sciences, 9, Article 2036. https://doi.org/10.3390/app9102036

DOI: 10.12677/airr.2023.122013 103 PNER ST IR YN


https://doi.org/10.12677/airr.2023.122013
https://arxiv.org/abs/1409.0473
https://doi.org/10.18653/v1/D15-1166
https://doi.org/10.1109/IALP.2018.8629116
https://doi.org/10.1109/TASLP.2018.2837223
https://doi.org/10.18653/v1/P16-1009
https://doi.org/10.18653/v1/W19-5206
https://doi.org/10.18653/v1/2020.coling-main.383
https://doi.org/10.18653/v1/2020.emnlp-main.474
https://doi.org/10.18653/v1/2021.findings-acl.160
https://doi.org/10.3390/app9102036

[[SE

[18]

[19]
(20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

JEAA, EEERE, RIEWE, & BT R S B Y v B DUB R L AR B DT VA, tE SN DR SR, 2021,
43(8): 1497-1502.

SURG, e, RIE, 55 ST RE B A DU AT A6 AR K], POCE B AR, 2021, 35(8): 47-55.

Song, K., Zhang, Y., Yu, H., Luo, W., Wang, K. and Zhang, M. (2019) Code-Switching for Enhancing NMT with
Pre-Specified Translation. Proceedings of the 2019 Conference of the North American Chapter of the Association for
Computational Linguistics: Human Language Technologies, Minneapolis, 2-7 June 2019, 449-459.

KRE, WtER, RIEE, 5. (RPUR R S8 RS I 2L IR]. 05 Bk, 2022, 36(6): 44-51.
Te—g, XMRME, REMHT, & BRI ES 2 PRSI s S HLAREIED]. E TR 2B AR F ),
2021, 60(4): 670-674.

Zhao, S., Wang, H., Liu, T. and Li, S. (2009) Extracting Paraphrase Patterns from Bilingual Parallel Corpora. Natural
Language Engineering, 15, 503-526. https://doi.org/10.1017/S1351324909990155

Baziotis, C., Haddow, B. and Birch, A. (2020) Language Model Prior for Low-Resource Neural Machine Translation.
Proceedings of the 2020 Conference on Empirical Methods in Natural Language Processing, Online, 16-20 November

2020, 7622-7634. https://doi.org/10.18653/v1/2020.emnlp-main.615
KEH, BEFE, RIEWE. —FF Mask 38 T TG FR AR T IR S ALZS BT VA [J/OL). /NERIRTH L
A4 1-8. http://kns.cnki.net/kems/detail/21.1106.tp.20221123.1125.022.html

T, SEZE, KV K, BEELE RIE. FT A E ] B2 A W 2% 57 16 B DGBCP AT 38 R 78 5 R 0], it
HHL TSR, 2022, 44(10): 1861-1868.

Ji, Y., Shi, L., Su, Y.L., Ren, Q., Wu, N. and Wang, H. (2021) A Strategy for Referential Problem in Low-Resource
Neural Machine Translation. In: Farkas, 1., Masulli, P., Otte, S. and Wermter, S., Eds., Artificial Neural Networks and
Machine Learning—ICANN 2021, Springer, Cham, 321-332. https://doi.org/10.1007/978-3-030-86383-8 26

Song, K., Zhang, Y., Zhang, M. and Luo, W. (2018) Improved English to Russian Translation by Neural Suffix Predic-
tion. Thirty-Second AAAI Conference on Artificial Intelligence, Riverside, 2-7 February 2018, 410-417.

Xiao, Y.L., Liu, L.M., Huang, G.P., Qu, C., Huang, S.J., Shi, S.M. and Chen, J.J. (2022) BiTIIMT: A Bilingual
Text-Infilling Method for Interactive Machine Translation. Proceedings of the 60th Annual Meeting of the Association
for Computational Linguistics, Dublin, 22-27 May 2022, 1958-1969. https://doi.org/10.18653/v1/2022.acl-long.138

Zhang, T., Ye, W., Yang, B.S., Zhang, L., Ren, X.Z., Liu, D., Sun, J., Zhang, S.K., Zhang, H.B. and Zhao, W. (2022)
Frequency-Aware Contrastive Learning for Neural Machine Translation. Proceedings of the AAAI Conference on Ar-
tificial Intelligence, 36, 11712-11720. https://doi.org/10.1609/aaai.v36i10.21426

Currey, A. and Heafield, K. (2019) Incorporating Source Syntax into Transformer-Based Neural Machine Translation.
Proceedings of the 4th Conference on Machine Translation, Florence, 1-2 August 2019, 24-33.
https://doi.org/10.18653/v1/W19-5203

Li, Y., Yin, Y., Li, J. and Zhang, Y. (2022) Prompt-Driven Neural Machine Translation. Findings of the Association
Jfor Computational Linguistics: ACL 2022, Dublin, 22-27 May 2022, 2579-2590.
https://doi.org/10.18653/v1/2022.findings-acl.203

Sennrich, R. and Haddow, B. (2016) Linguistic Input Features Improve Neural Machine Translation. Proceedings of
the First Conference on Machine Translation, Berlin, 11-12 August 2016, 83-91.
https://doi.org/10.18653/v1/W16-2209

Chen, K., Wang, R. and Utiyama, M. (2017) Neural Machine Translation with Source Dependency Representation.
Proceedings of the 2017 Conference on Empirical Methods in Natural Language Processing, Copenhagen, 7-11 Sep-
tember 2017, 2836-3842. https://doi.org/10.18653/v1/D17-1304

Qing-dao-er-ji, R., Su, Y.L. and Liu, W.W. (2020) Research on the LSTM Mongolian and Chinese Machine Transla-
tion Based on Morpheme Encoding. Neural Computing and Applications, 32, 41-49.
https://doi.org/10.1007/s00521-018-3741-5

Zhang, J. and Matsumoto, T. (2017) Improving Character Level Japanese-Chinese Neural Machine Translation with
Radicals as an Additional Input Feature. Proceedings of the 2017 International Conference on Asian Language
Processing, Singapore, 5-7 December 2017, 172-175. https://doi.org/10.1109/IALP.2017.8300572

Eriguchi, A., Hashimoto, K. and Tsuruoka, Y. (2016) Tree-to-Sequence Attentional Neural Machine Translation. Pro-
ceedings of the 54th Annual Meeting of the Association for Computational Linguistics, Berlin, 7-12 August 2016,
823-833. https://doi.org/10.18653/v1/P16-1078

Chen, H., Huang, S., Chiang, D. and Chen, J. (2017) Improved Neural Machine Translation with a Syntax-Aware En-
coder and Decoder. Proceedings of the 55th Annual Meeting of the Association for Computational Linguistics, Van-
couver, 30 July-4 August 2017, 1936-1945. https://doi.org/10.18653/v1/P17-1177

DOI: 10.12677/airr.2023.122013 104 NTHE

ASHIRE YNk

D>~
>


https://doi.org/10.12677/airr.2023.122013
https://doi.org/10.1017/S1351324909990155
https://doi.org/10.18653/v1/2020.emnlp-main.615
http://kns.cnki.net/kcms/detail/21.1106.tp.20221123.1125.022.html
https://doi.org/10.1007/978-3-030-86383-8_26
https://doi.org/10.18653/v1/2022.acl-long.138
https://doi.org/10.1609/aaai.v36i10.21426
https://doi.org/10.18653/v1/W19-5203
https://doi.org/10.18653/v1/2022.findings-acl.203
https://doi.org/10.18653/v1/W16-2209
https://doi.org/10.18653/v1/D17-1304
https://doi.org/10.1007/s00521-018-3741-5
https://doi.org/10.1109/IALP.2017.8300572
https://doi.org/10.18653/v1/P16-1078
https://doi.org/10.18653/v1/P17-1177

[ S

[39]

[40]

[41]

[42]

[43]

[47]

(48]

[49]

[50]
[51]

[52]

(53]

[54]

[55]

[56]

[57]

Gu, J., Shavarani, H. and Sarkar, A. (2018) Top-Down Tree Structured Decoding with Syntactic Connections for
Neural Machine Translation and Parsing. Proceedings of the 2018 Conference on Empirical Methods in Natural Lan-
guage Processing, Brussels, 31 October-4 November 2018, 401-413. https://doi.org/10.18653/v1/D18-1037

Pham, T., Machécek, D. and Bojar, O. (2019) Promoting the Knowledge of Source Syntax in Transformer NMT Is Not
Needed. Computacion y Sistemas, 3, 923-934. https://doi.org/10.13053/cys-23-3-3265

Chang, T. and Rafferty, A.N. (2020) Encodings of Source Syntax: Similarities in NMT Representations across Target
Languages. Proceedings of the 5Sth Workshop on Representation Learning for NLP, Online, 9 July 2020, 7-16.
https://doi.org/10.18653/v1/2020.repl4nlp-1.2

Zhang, M., Li, Z., Fu, G. and Zhang, M. (2019) Syntax-Enhanced Neural Machine Translation with Syntax-Aware
Word Representations. Proceedings of the 2019 Conference of the North American Chapter of the Association for
Computational Linguistics: Human Language Technologies, Minneapolis, 2-7 June 2019, 1151-1161.
https://doi.org/10.18653/v1/N19-1118

Wang, Y., Lee, H. and Chen, Y. (2019) Tree Transformer: Integrating Tree Structures into Self-Attention. Proceedings
of the 2019 Conference on Empirical Methods in Natural Language Processing and the 9th International Joint Confe-
rence on Natural Language Processing (EMNLP-IJCNLP), Hong Kong, 3-7 November 2019, 1061-1070.
https://doi.org/10.18653/v1/D19-1098

Moussallem, D., Arcan, M., Ngomo, A.N. and Buitelaar, P. (2019) Augmenting Neural Machine Translation with Know-
ledge Graphs. https://arxiv.org/abs/1902.08816

TR, WS, MM, S R 4D E RN 2 AL Z RHE AR L[T]. B TR (B AR ERR), 2020,
59(2): 206-212.

Duan, X., Ji, B, Jia, H., Tan, M., Zhang, M., Chen, B., Luo, W. and Zhang, Y. (2020) Bilingual Dictionary Based
Neural Machine Translation without Using Parallel Sentences. Proceedings of the 58th Annual Meeting of the Associa-
tion for Computational Linguistics, Online, 5-10 July 2020, 1570-1579.

https://doi.org/10.18653/v1/2020.acl-main.143

WEE, BAL, RIEWE, ZUTF, SEE, KME. BT 2 ESHRA AR -E-gm 28 R nED]. &
YR AR AR REAR), 2021, 61(9): 927-935.

Chen, K., Wang, R., Utiyama, M. and Sumita, E. (2022) Integrating Prior Translation Knowledge into Neural Machine
Translation. IEEE/ACM Transactions on Audio, Speech, and Language Processing, 30, 330-339.
https://doi.org/10.1109/TASL.P.2021.3138714

Lu, Z., Li, X, Liu, Y., Zhou, C., Cui, J., Wang, B., Zhang, M. and Su, J. (2022) Exploring Multi-Stage Information In-

teractions for Multi-Source Neural Machine Translation. IEEE/ACM Transactions on Audio, Speech, and Language
Processing, 30, 562-570. https://doi.org/10.1109/TASLP.2021.3120592

TURRRN, EAUR. BT R BN AL EIMMMEPLEEEIEI]. B3], 2022, 33(10): 3806-3818

Leong, C.K., Liu, X., Wong, D.F. and Chao, L.S. (2021) Exploiting Translation Model for Parallel Corpus Mining.
IEEE/ACM Transactions on Audio, Speech, and Language Processing, 29, 2829-2839.
https://doi.org/10.1109/TASLP.2021.3105798

Li, X., Li, G., Liu, L., Meng, M. and Shi, S. (2019) On the Word Alignment from Neural Machine Translation. Pro-

ceedings of the 57th Annual Meeting of the Association for Computational Linguistics, Florence, 28 July-2 August
2019, 1293-1303. https://doi.org/10.18653/v1/P19-1124

ASH, AR, SRR, RIEWE, MRS BINTE S 2R RIE R DOB AR 2 AL 85 B B SO R A 1], DR
THENLR S, 2022, 43(7): 1413-1418.

Song, K., Wang, K., Yu, H., Zhang, Y., Huang, Z., Luo, W., Duan, X. and Zhang, M. (2020) Alignment-Enhanced
Transformer for Constraining NMT with Pre-Specified Translations. Proceedings of the AAAI Conference on Artificial
Intelligence, 34, 8886-8893. https://doi.org/10.1609/aaai.v34i05.6418

Wang, W., Chen, G., Wang, H., Han, Y. and Chen, Y. (2022) Multilingual Sentence Transformer as a Multilingual
Word Aligner. Findings of the Association for Computational Linguistics: EMNLP 2022, Abu Dhabi, December 2022,
2952-2963.

Zhang, L. and Komachi, M. (2018) Neural Machine Translation of Logographic Languages Using Sub-character Level
Information. Proceedings of the Third Conference on Machine Translation: Research Papers, Brussels, 31 October-1
Novermber 2018, 17-25. https://doi.org/10.18653/v1/W18-6303

Zhang, J. and Matsumoto, T. (2019) Character Decomposition for Japanese-Chinese Character-Level Neural Machine

Translation. Proceedings of the 2019 International Conference on Asian Language Processing (IALP), Shanghai,
15-17 November 2019, 35-40. https://doi.org/10.1109/IALP48816.2019.9037677

DOI: 10.12677/airr.2023.122013 105 NTHE

ASHIRE YNk

D>~
>


https://doi.org/10.12677/airr.2023.122013
https://doi.org/10.18653/v1/D18-1037
https://doi.org/10.13053/cys-23-3-3265
https://doi.org/10.18653/v1/2020.repl4nlp-1.2
https://doi.org/10.18653/v1/N19-1118
https://doi.org/10.18653/v1/D19-1098
https://arxiv.org/abs/1902.08816
https://doi.org/10.18653/v1/2020.acl-main.143
https://doi.org/10.1109/TASLP.2021.3138714
https://doi.org/10.1109/TASLP.2021.3120592
https://doi.org/10.1109/TASLP.2021.3105798
https://doi.org/10.18653/v1/P19-1124
https://doi.org/10.1609/aaai.v34i05.6418
https://doi.org/10.18653/v1/W18-6303
https://doi.org/10.1109/IALP48816.2019.9037677

[[SE

[58]

[61]

[62]

[63]

[64]

[65]

[66]

Zhang, L. and Komachi, M. (2019) Chinese-Japanese Unsupervised Neural Machine Translation Using Sub-character
Level Information. The 33rd Pacific Asia Conference on Language, Information and Computation (PACLIC 33), Ha-
kodate, 13-15 September 2019, 309-315.

Du, J. and Way, A. (2017) Pinyin as Subword Unit for Chinese-Sourced Neural Machine Translation. Proceedings of
the 2017 International Conference on Artificial Intelligence and Computer Science, Las Vegas, 14-16 December 2017,
89-101.

Tan, M., Hu, Y., Nikolov, N.I. and Hahnloser, R. (2018) Wubi2en: Character-Level Chinese-English Translation
through ASCII Encoding. Proceedings of the Third Conference on Machine Translation: Research Papers, Brussels,
31 October-1 November 2018, 10-16.

Zhang, W., Lin, F., Wang, X., Liang, Z. and Huang, Z. (2019) SubCharacter Chinese-English Neural Machine Transla-
tion with Wubi Encoding. https://arxiv.org/abs/1911.02737

Halpern, J. (2018) Very Large-Scale Lexical Resources to Enhance Chinese and Japanese Machine Translation. Pro-
ceedings of the Eleventh International Conference on Language Resources and Evaluation (LREC 2018), Miyazaki,
7-12 May 2018, 857-861.

Saunders, D., Feely, W. and Byrne, B. (2020) Inference-Only Sub-Character Decomposition Improves Translation of
Unseen Logographic Characters. Proceedings of the 7th Workshop on Asian Translation, Suzhou, December 2020,
170-177.

R, Chu, C., BE#EAR. HpItEET ORI L - n % FIH L 2 H W O & AL [EB/OL]. Japio
Year Book, 258-261. https://cir.nii.ac.jp/crid/1523669555917032960, 2023-05-30.

b, AR B 2 BT~ & 0 fo TR, SR RBIOBRRA & il ~([D]: [AAnigs). R
Ry B K22, 2004,

B2, KT H AR A I 448 B 1R BRI A BRI [0]. THELRLSE S R, 2020(3): 387-397.

DOI: 10.12677/airr.2023.122013 106 NTHE

ASHIRE YNk

D>~
>


https://doi.org/10.12677/airr.2023.122013
https://arxiv.org/abs/1911.02737
https://cir.nii.ac.jp/crid/1523669555917032960

	基于语言知识的神经机器翻译研究进展
	摘  要
	关键词
	Advancements in Neural Machine Translation Research Based on Language Knowledge
	Abstract
	Keywords
	1. 引言
	2. 神经机器翻译的基本概念和发展背景
	3. 基于语言知识的神经机器翻译数据增强
	4. 翻译模型结构改进与融合外部语言知识方面
	5. 结语
	基金项目
	参考文献

