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Abstract

Abstract

Machine translation is an important technology in the field of natural language
processing. Its task is to use computers to convert sentences expressed in one natural
language into sentences expressed in another natural language. With the development
of deep learning technology in recent years, neural machine translation has achieved sig-
nificant performance improvement and has become the mainstream technology adopted
by machine translation. However, neural machine translation also has many problems.
For example, it uses the autoregressive mode to model the output probability of each
word, which means that the model predicts the output probability of each word in the
translation based on the previously output translation. As a result, the model can only
obtain the output translation word by word in a serial manner, without fully utilizing the
parallel computing feature of the neural network model, leading to a significant increase
in the decoding time during the model’s decoding phase. Non-autoregressive neural
machine translation is a type of neural machine translation model that can achieve fast
decoding. In this model, the output distributions at different positions of the decoder are
mutually independent and only depend on their position and the input of the source side,
rather than on the output of other words. This characteristic allows the model to output
each word of the reference translation in parallel during the decoding phase, which can

bring significant improvement in decoding speed.

Although non-autoregressive machine translation models have successfully im-
proved decoding speed through parallel decoding, there is a significant gap in decod-
ing translation quality compared to neural machine translation models that use autore-
gressive decoding. Specifically, the decoded translation of non-autoregressive machine
translation models contains a large amount of repetition and mistranslation, due to the
existence of multiple feasible translations for the same source sentence and the interde-
pendence between the words in the translated sentence. However, non-autoregressive
models adopt the assumption that the output distribution of each word is independent
of each other, which leads to a lack of contextual information in the output distribu-
tion, making it difficult to learn the true distribution of the training data. Moreover,
the training objective function of non-autoregressive machine translation models exac-
erbates this problem by treating each word as independent. This thesis mainly focuses
on designing training objectives and proposes progressive and targeted strategies to im-

prove the training of non-autoregressive models, including the following three aspects:

1. Design of training objective that incorporates contextual information
In non-autoregressive machine translation models, the lack of contextual informa-

tion in the output during prediction is a major obstacle to obtaining accurate transla-
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tions. Therefore, an improvement strategy is to introduce the contextual information
of the output translation into the training objective function, so that the output distri-
bution learned by the model can contain information from other positions’ contexts.
This work utilizes a seer decoder that predicts the output distribution of a position given
contextual information and incorporates the distance between the decoded output dis-
tribution and the true distribution as part of the loss function. This allows the training
objective of the model to incorporate contextual information from other positions dur-
ing decoding. At the same time, this work also designs strategies for each module in the
training model and conducts experiments, showing that incorporating this contextual
information-based training objective can bring a 2-8 BLEU improvement.

2. Design of multi-sample isotonic regression loss function

For non-autoregressive machine translation models, the training objective function
usually maximizes the probability of the reference translation output. However, due to
the diversity of correct translations, the translation with the highest probability output
by the non-autoregressive model is often not the best quality translation in reality. To
address this issue, this work proposes a multi-sample isotonic regression loss function
based on the assumption that the output probability of a translation should be consistent
with its quality. This loss function ensures that the output distribution of the model is
as close as possible to the real distribution by constraining the consistency between the
probability of multiple sampled translations from the true distribution and their evalu-
ation metric ranking. Moreover, this work improves the loss function by considering
the difficulty of fitting multiple reference translations for non-autoregressive machine
translation models. The corresponding experimental results show that this method can
bring about 0.3 BLEU value improvement in DA-Transformer and obtain higher quality
and diversified translations.

3. Training guided by network evaluation metrics

The independence of outputs at each position in non-autoregressive neural machine
translation makes it difficult to fit the true distribution that contains output context infor-
mation. Additionally, existing n-gram based evaluation metrics have some bias towards
actual translation quality, which makes it difficult to train non-autoregressive models to
output optimal translations. This work refers to the network structure of BERTScore and
attempts to guide the training objective of non-autoregressive models with evaluation
metrics modeled by similar neural network structures. At the same time, corresponding
improvement strategies are designed for the problems of large exploration space and
insensitive fluency of evaluation metrics in neural network evaluation metric training.
Experimental results show that by constraining the sampling space and introducing flu-
ency information, training with neural network evaluation metrics can bring about a

4-point BLEU score improvement for non-autoregressive translation models.
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Table 1-1 Examples of non-autoregressive machine translation with errors

Pty 1 | SRTFRIZ TR | RATEREA ST

. ._ | this afternoon I ate pizza. | of course, we got a little pissed up.
SEEL

I ate pizza this afternoon. | and of course, we got a little angry.

I i | 1 ate I ate pizza. of course, course got got got something.
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Figure 1-1 Overview of research works and their relationships
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PERE, BUYEM S W e X AR B ] U g EA I 2 2w e e UL AR A%
AT T R B TNGR: Fa, TR IR A B MR U R H bR,
ATy IR A TR R g 4 5 SRR e DL A A 48 453 25 0 SR B A% 26 1 AN [ A
Beo DALSRSE R, A TARSEAT 15 S Se g il — 2R 5 1 A 1A% o

35 SKBEERS5HH

9T Yoy R A 1 U R H SRR BT, A T
PHET T R B SIRIEIEAT TR SMT T, BRI, S St
PER NS E (LIRERAE. AR, SN | PRI 50
W) BTN, 2R IR R AR AR, B TRl
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Table 3-1 Dataset statistics in training experiment combined with context information loss

Bl PlERS Usallse S NES

FEAEL A FR FEAEL A FEAEL
WMT14 En-De 4500960 newstest2013 3000  newstest2014 3003
WMT16 En-Ro 608319 newsdev2016 1999  newstest2016 1999

FHNH AT ST, A A IR T RS g, AL 0 A REAE DA BOK
WA TR T AN ZE Bl TS

351 KWigE

RRHRNGA TP RERNERBE, URAIIGREEE. MR
DL, BRERBAL. PR HEARAE

3.5.1.1  IGEHE

SRS A TAE AR T AR R PR AR 55, B WMT14 3¢
TEE N (WMT14 EneDe ) Hl WMT16 SCiEEI % e Wik s (WMT16
EnoRo ) o R XSEFIRAT 55X R B4R . A AR T 32000 42 BPE £t
RO St BRI T AL, [ 3R LAMESs, A8 TR 7 A H bx
S FA) 1) 25

3.5.1.2 EHRZXIH

TEHVRZE T, A TAERT iR 4835 R H T 8 HR 2= 0 s 647
e, B, X ERJUMES TS, A TA/EERA T Kim 2605 drg i,
RIRFAE B BH 2R B fRim e i T — 81 B R AR 5152 11550
TEATAEF, WEAMLSHR I T Transformer-Base ™! A 254521 (4 1 (5] 5
PR TN, IR T RK/ANHK 5 AR ARG 1S 20 A0 B2 H bR .

3.5.1.3 HZ&ER

FZeF R B EBIR R S AR, A TAEM N S WZEIE B [ a8
FIXFEE

o FLFhRvE NAT P! izl . Hfu 35 T Vanilla NAT!) | Bags-of-ngram %4 [14]
F1 GLAT fgiz 21

o HT mask-predict!™ [ HAuHE T CMLM #A U8 BT CMLM fi
A AXE #3801 CMLM ) OAXE iz P2,
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3.5.1.4  riEtR

A TAEXHE R B PO B2 R 2 Bl 15 H Y BLEU 4845 . 7E4
S, ok WMT 14 S5 5 S5 X5 4 45, A6 I 3R 2 B4R multi-bleu.per] 4]
FXAALFE AR PEAT I A T AE WMT16 S 3] % I g Vg R o, SR ) 2
sacreBLEU 31 %33 ¢ 5t £ A 7 4

3515 HARISLILAT

TERIRI S RO, (ARSI, T P4 NAT RIS L1 fe
ATAERIIG T —AHA 1 AR . 2 AEE BRI R 2 A5 AR
PRSI 3T A VIZME S, NTRBIER Y S48 4E Transformer-Base i
RULERY, IR 512 45, ThIRZ BRSSO 2048 45, TV JIHLE
(9SKBCH 8. TSR E AR L SRl AR, LI R R 0 AT e L B 2
5 HF AR ARG SE. Boh, A TG SR ol 5 g
FIfFETS 2311 dropout HEZRR 0 0.3, K55 ULARTS 28 th AR RS 0.2,

MLEW R B, A LRSS EAE— A B 2R bRl NAT B8 ) p il 15047
Bkt . TEVIZRAbTE b, A TR A WMT14 EneDe f# ] 128000
AN, %t WMT16 EnsRo {8 ] 64000 i S RIAL, 2% 3 SE7ERT 10000 25
% 2e — 4, FEBEE T HLEBOR ) FEH M. MO, AR
Adam fALEE5Y | Hoh g = (0.9,0.98) . TSNS, A AR L WD
PG OB B AL R AR S B 4 HICE S 0.5 (WMT14 En—De ) F10.6
(HADAESS ) s TN 56 DLARTS 2802 R B I ZR58 40 M 4331 2 (WMT14 EnesDe
) A8 (WMT16 EnRo ). MigEAl BT, A TR 5 A BT ST T
¥, IR 5 AN K RE k.

DA_L BRI 253 R A A R SE IR 2 E BT Pytorch HES2 55 Ry fairseq )
THAAD F5E.

352 FESXLWER

NERERR T RS,
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Table 3-2 Experiment results in experiments of training with context information

- WMT14 WMT16
En—De De—En En—Ro Ro—En
NAT-FT? 17.69 2147 2729  29.06
Vanilla NAT Bags-of-ngram!'*! 2090  24.61 2831  29.29
GLAT?! 2521 2984  31.19 3204
cMLM 8 18.05  21.83 2732 2820
CMLM CMLM+AXEP®! 2353 2790  30.75 31.54
CMLM+OAXE[P? 2610  30.20 3240  33.30
Vanilla NAT(ours) 1928 2211  29.02  29.67
Vanilla NAT w/ seer 25.36 29.34 31.97 31.71

M ERPATAE L, B, MR TR i B2, B Vanilla
NAT (ours ), F L 305 BB ZRRIRER S0 1 7 A DA BRI
Hor, TERORAE AR R R WMT14 Seif 848 b, A7 AR 73 5 Se 3 1
5.94 F17.23 A HERTE, X T Ul T AT EAE R KRR S L B4R T

BRIEPASE, A AR HR B S5 B A B I 2R B 1 — 2R 5 A i 52
B, AP IRAE R SO FRENS WY Vanilla NAT AT CML M X 4>
AR, [R] It AEAS 8 2 HCHC A A BN SR 5 TR SR BE AT 24 7K, X
FE U T AEMRRD s bR SO EAE A ey SO A R

353 SRS
AATRF A TAE R Brde A T S2 g S A5 Rt A 7401 o
353.1 4EhIcIé

A S B SRR AR 2, T T RERSUE— 5 N R R SCfE SR B
WGRRY TR AP A IR BB, AR TAR P T 17— RS R SE 3 o it As s in
o ATAER AT 5 0] b 5 AR5 O i 16 AR R RS i 1) AR R 22 ] Y
ZEs AL IR RS AR g I B R SUE R A EE, A TRt T RS %%
SCAE A 56 WL APt e i A RTOR PRS2 Ayt A DA S AL AR 25 1) i A R Ay 1 335
JRER) M . A TAEH R T FriE Transformer Z544 (H 6 Z4midasfl 6 2R
), PRI R R AR ORISR R 2518 3. R3-3 P R T 5L n s
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Table 3-3 Results of ablation studies in WMT14 En—De

JEWL ARG N JE LIRS 85 A

Hil R NAT BURER BEWEL
VAR, V 23.60
v v 21.31

V Vv 21.74
v Y Vv 22.01

%3-397E WMT14 En—De {L.55_EFr it AT R RISCIR A 3 2421 3%, Rt
PO T AR R AR A AR OU T, TR e IR A e B I LR R e ) e A
Jirty K (R AN R 25

G, W AR S, AN Sl 1 R LR A RS A AR 2] TR
AT SONMURAE T SCH RS a8, RS0 A AR e B A X L 5 1T A SE By
ZEROKRA, WAR Y BRI BUHOR_E SRR e A0 SR SCHA AR 25 EA T IR
B ) 2SO R R AR RERS AR RIS T, (EHON LR JRUR Y BT SCRR RS 2 ok
Yb @A 1.5 8| 24> BLEU(H 220, X580 U 75 1 A i {5 BN T ka8
AEE FERE SO E R, MR TR B [0 =R ey 13 SR AR A

HR, S 7RI ZRm 25 A H B BT SCE B RERS B & MR HE— 4
FOBM R, ASERERT T e WA g 0 s A2 22 1 SO R RS Y R SO R
MEREREERAT R, RS 13 SORII AR AL BEX R 2 gy th o AN 244 IR
T, S EE AR A BT SOE B HGEAR R 1.59 4> BLEU {HRY 2
B, AR IR B Sep 0 et iR, FESS &2 1 BT U Bk G
IR, 2 BB RIS fy iyt 33 S el R — i R THY

3532 EREBE SRS RN

BE RIS 00 T B AU A R R OB S X S5 R B, AE AR S
ST T A Lygey M Ly gp RS p AR, FRS, ALRh
Pl THALSHORA , RN T 2R RSP U, pHok, 38U
FROA, [z, WISEILARL S Sk ok . A5 7E WMT14 EnsDe it
17 AR SERAN T BT

B, ATLAEE], M5 R 3 , A B B IR, £E7A BLEU
(BB 5 TP FIERORa %5 . XF WMT14 En-De Tii %, f = 0.6 RHHER 4 Y
BLEU {E3K %] T R if, 2 JFH% f = 0.6 (R 260k, kusish b 2y
bR S (7 2 B B 40 Hh PSR R, SIS T A A
SRR T
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Figure 3-4 The change of BLEU value with hyperparameter § on WMT14 En—De task

3533 FMHAFRENEN

AN AR BN, AEAR B RSB bl A7 S IR A, g R
e A B R A ) AT, S B A B O R R AN LA
T A T Y A 3 SO R OR e BT, AR AR SRR A A
SO HERR AN A BE AT T o0 A S o GHERA LT, AN SEI R T i
S ECHYRG AR Tt R S, ASSEI A I I 2R 80y H x
SRR KenlM Git TH P 4577 —A> S-gram 155 B8, 5 10 v+ Rk 2830
KA B TRYR AL . A SCHERFRE NAT B S 456 B SO k2t T
TXFEE, £ WMT14 En—De #8717 5280, S50 TH 2R

A 3-4 BSR4 100 D) O3 M B A 5 B R s ik e
Table 3-4 Comparisons in Token-Level Accuracy and Perplexity of Decoded Sentences
WZONAERA R
Vanilla NAT 47.87% 3.212
+ Seer 53.50% 2.835

M ERAATAE ], Joie 2 MHEREEIL SR A BERY I BE . AR DT ¥R ELZ AR
JTEAA —E IHGE , XU IA T AT A E VISR A B R SUR ., (A
B  HINE ST, AL RN R TS5 S0 R B & Bl i seh

3534 FBlsHr

T TR P 2 AT S 6 JR R T A o Bl ) - SO IR R T, R TR
SBT3 A ) 2R SR B G AR, AR AR AR T — ST K R 1A T
JBs o XS T HE WMT14 De—En i85 Falad B h SCE B IR e i 2l g
PRGBS AL ) 3 001, 5 B AR m) 708 TR, BARGTR B
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Table 3-5 Results of some cases in WMT14 De—En
o)1 Snow@ @ den konnte auch in Russland aus@ @ sagen
SR Snow @ @ den may make further statements in Russia

brif NAT #iily | Snow@ @ den could also say Russia in Russia
A T ARSI | Snow@ @ den could also say in Russia

sy 1 Denn Matthias Sch@ @ rel@ @ | hat noch einiges vor am Standort .
SZVEL For Matthias Sch@ @ rel @ @ 1 has some further plans at the location .

Frdie NAT it | Matthias Matthias rel @ @ 1 still has a a lot to do at the site .
A TAEB A H | Matthias Sch@ @ rel@ @ 1 still has a lot to do at the site .

a1 Zu uns kommen Kunden aus jeder sozialen Schi@ @ cht .
SBZVEL We see customers from all walks of life .

brifE NAT #iily | Customers come to customers from every social class .
A T AR | Customers come from every social class .

M ARG OAE tH, B 5E, 3F B EE 0BRSS A TE A 5 R ik T
IS, Hanss—4]H i Russia” , 55 —/a) 1Y " Matthias” F1”a” DA S5 = /) th
()" Customers” . [fif 47 {50 8] FTE B TIXMEE NG, EMEaFE
NP R R E R F B, BRIE AR S RS (BT R, EEEEE
2, TR P ERR S HER T, L AnEE — ] statement” |, VAL
— B R] . X S L] PARFAR B Jr 1] o

3.6 ARENG

AR TARFEOZ 57— M A B SO B B AE B AR 2R 5
o BRI, EREE B 1] A LI IR 451 25 R 5 R 2 XS i S 1L
IS G, AR TAESIA T — RS BT SOy S MR AR AR Y,
7B 0 AT R S DU AR RS R AEVIGRIN,, ATy SRR R i s 1] £ S
DA AR A A LB T AR E R SCE B A1, AR A A e
ARRARE AN SR % 14 [ o 05 o ALK 2 A ) o113 00 510 DAL 98 e i 40 i 13 90147 22 [ )
Jensen U A TAREIRX — IR BT T — RSN GRS, IHEZ 2R L
PEAT T SEH, SR EE R, AT A2 R sE PATSCEL Tl 2 R
21 BLEU {H3R T, HAEMERR NI E_EARREAE S — 2 T, X
ARG F S b AR g0 AH T LA LR SC(E B RERS S 25 Sl A 191 U1
B R M, R e R SR
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41 3]

IEANHTSCRA, BEAAAE A B EIESC B T IR R AT, (Al TR
(U= R A 0 R ST A s, BEAS AR DL ) A I B LS . BN
PERI T — T AG AR R SUE B gk AR ERSCfE R, A 52
PR SRR IR T (HE AKX RR S 5 B XA E S AR N A
AR TR, — 7 THT i e A 7 A (RS AR 2R TSI 7011 Y TS BE ) A e — s BR
111575 7 Th D2 A AR ) P SRR ORT I P B 2 A o BT ARG, 5 BSOS P i
RS IS N BT 0

AP 2R, — LT E R I 7R TR AR E B, 7E Huang
S el B AR f 2 R AT AR 1) P I S 45 A
XA AL LR B DR AR AT 1) B EE ST R [T, T I — N R SR A ) AR RO
B BTN SCRAE R, AT EARAS I AU A L SE AT A RE R IER T, A 1R E
[ =13 195 P i 4 13 SO o

TR AN B AR PR 2, AR AR 8 LA K sR AR, ARORADLAR TR R
PRECEA SR, HLAE RIS F R S A I TO T R o (X AR LS 73
LG RE ) SR AAE R —E R BB IR BAAORUE, HEORAA)I GRS A
ARG IR RS . AR A AR iy TR — R e g A T
B3 B DL UM 2R Ayt AR 4], (AR B A S 71 R AR K e
%, NZRPras 2 ARG R REAARA B> (E2X R A A =, i3
M 5e45A BTN SC, TR 0 AR S 2R BE RO RN, AR, AR 2y
Jr 7 B Rt B L R T (R g BEAR A R AR AR AR A T X B AR A7)
SR, A FRATIZRIE Sl R BRI 22 RIVREASALZR fry iy 4 01 A A PP
SR E. AR M, T EEEERNSEZAARNZET A, H
W ) ATt e S R I 22 BN IR R e . TR, 3R] A R IR SR A TR R
USRI ZRA5 2 PR AR 2 2 X2 25 S Rl [l VIR 3 0 o 8 SO R

B AR 2R FH s E AR R AR R 458 2 bR 2 A A A E AU 5 LS AT AP A E I 22
2T BT HT B AR AU & o T SO S 20, BRI S0y
1 AR ok AT U N ME, (] AR AR — 2 fBeii . Hetn, — i
BAFEAERTR B AT, A AEREOR . A TARFSET
DAER BRI A ISR H AR, AT ESCHEASE R i HE 3 SO

ARSCHRE AR A 1A AT DA B2 S S B fy i 0 A R R BE VT Y
FARCRUL, A ECES B [ AR A o] ()2 45 7 PR i A S 0 A i 225 13 SO Y 20 A
AR B B R A5 2 R AT P Y e DR AT AR AR B [l
TR, A ITASBIE AR T AR R 1055 R BsF AR AR i 1
P 20 A7y . ARAGEOR” AR, A TARASR T —Fh PR [l 45

jilll3
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RERAL, BRSSO S AR 5 AT — B PRI [l U ek 500 R 255
A AT 45 P D5 B SR S R TN 2ol A AR, ELAR AR
THRESH W EENZHS 5. A TN TR B TR A
FLSL AN A R, e AR AR B AR R R DR T SE I ORFE . AR TAREZ A
Bonde EIEAT TR RO SEE:, A IR R T — 3R Tt

42 BXIIE

VER—PFp i TEITHEWT I GE Tt 28R, ORI Il UH i 548t 7 2B 1 i
FRRI R A2 - Liv 208 FEf 3T 45t 5 | AT AR [ 451 2k s 1
FHEM B PN GR A s i 2 RE s 0 0y SRAS R 2 kR
ZJETESORE My BEE [ A2 SURS I R BB it B, BT — MR e R4k,
T o T D 308 9 2 A A AR R P i 3 SRR [ B o SR AE A G . AR I R
W, A G S S T RER BB T, 5K Zhao 0 X —H R
SRARRIGE A, AEE T 2B L, WS T @m0 T, H3Z H Rk
RUERESE R RS0, X S LR 7 ] R R R T 2 s, X — e iR
FE BRIk — R RE

TEAER, Al E LA R AL AR S T W5 & 8, DA CTC-NATP?
1 DA-Transformer®3! S i — 2800 i 5t HH e SRR A Oy 5ol i st A 2R iy
RSO . Hodr, CTC-NAT BEIASGE /525 B 474 b 4558 v 93 i 1] (M ok
P33 e 2 5 35, T DA-Transformer NARE H 4t FRotR ST BEAS 20 A )
PEIMIE 3R 55 R 0 W R A 2 W R A S i i oE o PRI SR AE PR B AR A RIS RL 1 7 i
TR R R B T 2 B AP REAR T o X S TR g R | (a1 U 4 S ) o R 3
(SR AE B 7 2T T AR TR VA 53 2 sR B B3 T 245 F . T LA B SR 1 A2 SUAR 4 2K
PREE S B 2 A HE R R 2, 13X HIRATIES & -7 B A5 2% R ik
P PR SOT R AN T4

43 B=E
AT A K ZHEAS DR [l VA 45 5% pR ST Y — 289 SR
431 {&RFEA

7 15 (Isotonic Regression ) 0 A #%FK A EALJH ]I (Monotonic Regression
) o A4 Nuesch® siiig S, A2 HA D = (xpy))s oo (x,00,), HH, xe X
(X 2—PMHTFMER), ye R, A—MEEIMW, NEA X B8] o4
PIBREL f(x), W SCAR T EE R H ReR A -

m}n Z w;(y; — f(xi))z’
l. 4-1)
s.t.f(x) < f(x;),Vx; < x;.
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TEEGNGITHER T, MR TESN . S8EE A R LERE T, R
[o] Y17 AR 4 37 5 R B RS S I i R RS B AR G O B, RAS R T2
AR P o T3 — ] 0T ) At ] DA ) PAVA 1921 322 05 o067 1] 01 ) ) 1
FiiAg B H e iR — A e Ak R AR o o T LT SRR HE T s, AR
HAEALARBIFEAT S5 T Y A3 T 444

432 BFAMEREEE RN EHE

BT ) B AR B R UHL g8 B PRl DA-Transformer™ | 1% 753
e — i I 5 A ) BRI R A T AR B AR e s R TI OR AR, ATTAS- B i
AL E S Y

MBLRIZER i, DA-Transformer ¥ H T — AV IR B [IEBECR H ) 4525
— R AELE , oo T AR A b, InE4-1TR .

Y = I went to the cinema . A= {1,3,4,5,6,9}

% 4-1 DA-Transformer [/ ffEFd 2454

Figure 4-1 Decoder structure in DA-Transformer

FLARUE, B e da A — I K EE A A O B A T B, AR 2
JE RIS AR SRR T E R RS, RURSHIh R R EA IS, —
TR E = AR RN, DA TR RUAR I A AR I (1 B S
A, B

M-1 M-1
P(Alx0) = [] Plailanx:0) = [] Ee,a,., (4-2)
i=1 i=1

HErpoA 1] AR R 2 AT A AR g Rk 2R -

(0] K\T
OW, (KW,
E; = sof tmax(— RWD ) (4-3)
Vdp
E = Concat(E, ..., Ey) AW, (4-4)

1117 BARAS 1 55— A D B2 T TRt L 7 B e S T g 30y, B -

M M

P(y|A,x;0) = [ | P(vla;,x) = [ ] softmax(Wpv,,). (4-5)
i=1 i=1
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T LA AUMR A0 B IR AR AN RS B A AR R AT 2 i & oy Hh A1)
HRR A, B

P(y|x) = [ ] P14, ) P(A]x). (4-6)
A

ML HHAR AT 3K, DA-Transformer n] DATE I Zhi e i s M A9 7 =t
B PR REAS 2 2% SO AR IR, R TT AR B A S SR IR R B TiAE
FRAS I B0 T DA A SO MRAD . JEATRRAD . A O RAD T S B 1 AR S
RELIUFERAFR AR . [FIIF, HON T BB RERS AT S 1 i HH SO, HEOR
7 Qian %1 o DL MOR B AO U Z, SEIRAOE SRR, R R
HEERTTRIIFOL R, X — T IR R AR 218 0 I n R i 1 B i &
A7k, HSRSFSHER A [ BAE f 3 S0m R B E] 705
4~ BLEU {{PAI

44 IEEEFRKEHHEORFE IR K

FEATTHRF 2 BRI AT IR P SRR B [ BRI R IE 2 T/ 4
BN AT IR AN S SO et A B B BEIE B Al 32T R
RERE TR A LR OR 7 ] 451 2K eR BT N 45 Z R & R AT YRR I 2Rt

2.
44.1 RRMUABRKEFIELSHHIFR

TERTH TAEHEAFS], R RGBS R R SR A 1 £ 545
RO R4 R B ELSL A1, ok B Z IR 5. T AR Huang 25169 g8
iE, TERBA MR A BT AR LR, B G B S I RE I AEAE S — &
i L FR, T DA DA-Transformer!®®! 24y {35 (0 — JS MR kA B4 715 2 i 114
PEFTAR Xk SRR 7 2k, RIRER T T 38 B SR & B S M R RE Sy, AT
SETF T AR B ] R A g B R Tk A RE S T G A5 A ]
T B B SN IR T AT B

KAVAK, T BRI ASa) f401 , E ESRTE S A BRI A FIE 5524, 1)
FALBRAT 2 BRBCHD R T —Fh i 26 SR, DRATEREAR B R RO , )
AL ER A 1 55 30 P 431 Ak ok BTS2 20 ) — A Te il oo A4 1 1) )
FHIBEN S, BTN PREAR N AEEEO AT B, mIggE i
FETCIE T R A B, SOt (AR 1) T 25 8] — MES % ¥ Y
PN , TR M IR A B SEBR I I o AH Y B BRI A — A B 52 b
(AT DASR TR A2 AL M RE o IR B TN TR A TR, S0 1A Ik
B SEBR AT, AT SR AT DAMK H 2R 0 A5t — 6 R i 5 WL 2508, i

VR T RATER] A A LA TR P AL R R RO, e — N oy
Ao EIR M TERR UL ] DARE— N0 T A B SO E — VA IRZER SRS (i) 2 b, (HX—EHi IR RS
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SOFUREGS , SO 2O . TR LESEE R AR X —Her T A
BRI TE T 261

442 {RFEIFHK S
T RN GA TAEFR A PR PP AR R R %, HEA A Ui

Lycore = ) (max(0, f;; — (log p(y") — log p(y”)))). 47
C

H, WPEER L, HEi>j, #A score(y’) > score(y’) .

1E EXH, score RFEME R A TR, Ho LB AR =0 (35
BLEU™! | chrF!0% Se4ibr . BAd=p ) s N TIPAE) RAGEI, B, DAk
AT 2 MR B AT, WA TS C = (v, y)} WA S 547 1 T4 2 5
BOTE AR REL, AR SECRF & 7E S5 TH I AT

M EXARTDAE B, AR ] 3 S 6 iR 5 AT —Fh A i
W2y, Bk TIRERT y My (BRI score(y’) > score(y’) ),
NSRS Bl H O R P(y)) > P(y") , WIXHBE R 250 0) FIOMER T ARETT
X o B G i ) 1~ PABE . AHRV. I, 0] DURF X — R BB B AR 40 R I B
7o

n
Lscore =- Z Ri lng(yi),
i=1

R, = 1d h<l N+ B
; (2)‘, (log p(y") < log p(y*) + f;) ws)

scure(yi)>scure(yk)

- 1ogpy) > log py") - ).
V(k,i)eC
score(yk)>score(yi)

M (4-8) AT AF Y, PRI 151 25 BRRCAT A Sy 2 Ao 5 1 5 2 ~J 1) SR
BREEREM I —FpIE . (BRI BLRF R, AR SRS B R A
HEME BB PESIE T RS AEAR v RS2 ) PR RS 2, A R
33X (4-8) RS F X W BB A el i, BRI [BH A PR P AR A 1 O 2X
MRIMEMEFEERE, HA—ERHIERERGE

PA_EAT R R R T 451 2R R R SE PR 2 A AR B BABEAL R R, A
WA PRITORT R A C FIAR Y (45 2% R 4K«

44.3 {RFFEFHK S EEE R O FRERI R B

TEZ I —28 TAE (40 Zhao 4517, Vijayakumar 451°00) whr f=25 1) 5 [1]
AR, AT SR AR R B 2 R R AR 2 2 57 BT

ARTAEG H— L5
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AT, B PP A EE R SR P [ V5 S i i R T H [l B2
ERATARAS I, BT ORI AR RIS S B 0 P S S i Ty SR BE B AT, T
7 HAE M TIOUI ZR AL A5 2] [ A RS AEAS . X RR AR A I ZRad A A
e — W WS 75—, o T B AR A7 ) g o A i
HZHM AN BN, FIE AR R EE AR RN AS T, X e
S S22 YNGR ) AR AF T B . AT, AR B BB EA A T A
FEAT . WS THRTA OL EA IR R S AR R B RS, Xl
TR — LSt i 75 RIS 5 R VI GRAREAS B T RT RE . (EL5 LIRS
A 1 o] VSR 8y 2 e P ) AT (A5 A A5 5 SR AT S A A B R P Y S
M AU B 2 2 — AN BRI 7o T TR A AR O A SO A T 1 4

4431 SERFEENAFIRE

W SO, AR B ] R A Y — SR O S A E SRR T — E Y
ZAFe R, A TARRA T B H M 201 b R O AR S fR e [l T A
Ao BMORYE, a5 7%t DA-Transformer "rA-ANRIAY KRR Py, [x; 0) Ff%
MHER Plagyla;, x; 0) BEFTRAE, MRPERARAIGER G — A I 7 AR 152 e 4
HURESCe BE LI E P SRR y = (v, yp) o HXT RS 21 015
Ha=(ay,..ap_y) , AREHARRZAE A LAIE A

p(y.a|x;0) = p(y1, ... ;, Yig1» Qig1s -0 Y| %3 0)

= P(.Vp ceey al” yl‘+19 ai+l’ ceey yTlx, ao; 9)

T
= [ r0salac, y<ir x:0) (4-9)

i=1
T

= Hp(yilai—la x;0) - p(ajla;_y, x;6).
i=1

M BT, BB RAER 7 UL br_E2 8] T — A% p(y, alx; 0) 1)
TelwRAE, 1M HFAEALSF T AT AR R AR A P HAR A Ty L BrbAX B
WATPAAEZXS p(yIx; 0) RSB REAR . FEISRERE P, Lk RS RS IFAT
PEATHY , TARPEFERSFE PR BORARE AR A AR M AR AT b T, PR X Ry O 5
FRD TS RR TR, SR SEBLSE SRR B T AR, fEAR AR, Ed
SEIFHERT B SRR, AT SEEL 1O A B e 2 1 1 o

4432 FFEHEPAEBHRFESHIEE

EANA TAEF PR BN, — s S E R A 45 2 oh S0 8 5 5 T A R
BB AR AR 3 T B A 7 SR T B B 8 Ok R R, IR AR A
Couari = (Y, ¥)Il <= i < j <=n}. (4-10)
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B, XETREA Y, RFEA TS HAM S TEAIE T (LY, ...
LY, LY, (YD) o TR @-8) F, FTRAE R, eIt R, THE
FAEERNEZA Y , WEXVE R, > 0. TTHEE MR, h
T B R U A AR R R, TR I 2 S S5O P 351 2 2 SRR iy 3 S TR
B E— B0 SEXEXRER R, A TR AT — A BRI RTAE Cope
B

Cone = Ly, y)IVi # max, score,,,, >= score,}. (4-11)

B,y AT R IR R m AR P REAS . TR B R AR A AT
PRI s Sk, 3 (4-8) HiY R; WA Sy :
R = Zk# 1(log p(y") < log p(yk.) + fij) i = max . 4-12)
—T(log p(y™**) <logp(y") + f;;) i # max

MEAATAE Y, OREE LR B GR PSR Ay, B R — e (RITEHY
Tebri R AEA) 1 R, KT EH, XHERERS T | A 252 >) — A Bl Ry il
ZRHbR, 2%, EAINZGE R TR R, HE— N 11
MIRE ARt —28 . BRI, FEATARMSEI R A TR 2Tk, |/
BEE U Rl B e, REZR G 3 0840 A e A DR S e 3 e i DR 4R,
SRV LW PR 7 R IR OR PP 4 7 5R Lo A Lope » IB AL BRI ZRI 1 R
[V H5 R BRER Ly FTPAZR A

L = AL, ;i + (1 —=2A)L,,.- (4-13)

rank —

max(min(x, step,,x ) St€Pmin) — St€Pmin
A= Aax = A — Ay (414
e Stepmin — St€P iy ( max mln) ( )

444 JlZRwiz

PAEAR T ZREAR T [T 7 R 2 5, DA LSS A xR 1 [l A3
BRI PSS N EINGRRRAR, A TAE S, IIZ8eA) T x Jel it
0 F5FN A p(yIx; 0) , ZJEFEM p(ylx; 0) HRBES B Z 4l vy y2, ... y"
L BEROR, TR AR A R T AR A AN S IS AR 48K Score(y, y) I
HERE AR BB B BRI ST 0

e ERR I grad e, B ERANEH T . 5%, AT
SPASLLH5 4 B B I Tl A0 R A B A B MEA T T k. 7 Huang 25130 o
TEF AR IIES P . RS E MIS% 330 y 1E M AR T8 DAG #i%k
B DAG(P, E,y) , H:Hl RIS i Lt R s -
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o il KRR P o E Ly SRR S 1RSSR MR AL M, (y) Fi
Mp(y) , HIBZEGTH A BB DAG(P, E,y) I M, (y) Al My(y) FEAETE T3
el

o JRT: RURIIEIOBIE Sorshy IR B, B 5 A 5
LRSIV

PR Y  fop, B M (00, My(y),

DAG(P, E,
% = fE(P, E, M(y), M4(y)),

oL _ oL ODAG(P, E.y)
0P 0DAG(P, E,y) oP ’
oL _ oL ODAG(P, E.y)
dE  0DAG(P, E,y) o0E '
MFEA TAES, QAR A (4-8) 455 R4 DAG(P, E,Y) K58 iU 2k
PRI, W& B RS 1913 SO R BT B TP A — > T )
B M, Fl My, EFESTRE R BAER A . A TEERSAT
HEAE NI T MULTI_DAG(Y, R, P, E) , HRFIrA RE S| S5 04
AY , SEHFECTVRME R . ZRSHMRE P R E R, RIS
] S AR AT P :
o HilM: WMZEFLEAY hHgl—a)y, 5 P E My KB RIMAG
M fe(P,E,M,(y), My(y)). ¥TNRFMAME R, 456 (4-8) Tk EEL
MULTI_D AG(Y, R, P, E) ﬂ:‘ﬂﬁg E dMULTI_D:IS}(Y,R,P,E) 5}3[] 0MULTI_D(;A§(Y,R,P,E), ﬂ':
RSB BIREZ T TR
o JEI: MR BE Srraaca s TP H L IR B R I 4
AR 55 1 SE
i1t MULTI_DAG(Y, R, P, E), A& TAEfETHAE IR RE St E R
G T 24785, M0 T B SR Frfs i B A7 T8 . ek T 2Ry
M.

(4-15)

(4-16)

45 SKRERSHH

AHR Gy BRI AT SE BT, A LI A R T R AT
DABE UE PR Y 18] U= SR AT A BERS AT D — Rl B DI 451 2% R K

45.1 SRigE

ARHY FEN AL R B SRR R, IR . PO HEAR LA S At
FR S AT

44



4 E SRR R R R EOT

451.1 JIZ&LiE

gmE, 23R T WMTI14 J2E 2| fERET 4% (WMT14 En—De )
F1 IWSLT14 {8515 5| 95158 3% (1% (IWSLT14 De—En ) . %} WMT14 En—De {T-
%, N7 BEN%S Huang 203 X R, AR TAERPECRAE AT T 0508, T (7552
br_EA TAER Y ZREE AL 25 0 /NT WMT 14 En—De {155 R AR Y| 2548, PIMT:
SRS AR BRI AN N R R . X1 EaRLAMESS, A TAERA T
32000 2511y BPE #:20 P Se xR TIUAL R, i it 3 T RS A E AR 1l
F. THEULHHMZ, BT DA-Transformer £ A By P Ry KIESE T, B AE
ARSI R TR R RS, A B EEBIEG I R A T AR

P
&R .

A 4-1 B Il 0 R Bo 2 e 3 b Bt AR 15 2

Table 4-1 Dataset statistics in monotonic regression loss training experiments

Bk IgEE Biksk il
WMT14En-De 3961179 3000 3003
IWSLT14 De-En 160239 6750 6750

4.5.1.2 {HOMIERR

EATAET, PNt B EZA WA, — DRI, i EoRSE
B P AEAR I o B R T A AR Y 5 10 55— S @A, A
AR TR R VAL R RO R RE . 456 T BB s . A T/ERH
TR 2 MR TR PE FaAr -

o BLEU™: i —f5hrjE —FhEET n-gram BIPMIEr. Bk, HARYE
BTN n-gram T8 SCHAHERR BRI TS . #E BLEU X—fgbr, &
A~ n-gram [ EE QT 2R -

Z(min(countoutput, count, qference))

P _ = . 4-17
e ) count ( )

LEFHEE RS ) n-gram FOIERY 1, TTDAZER th A0 F A BLEU HHE AR

N
BLEU = BP - exp(z w, - log P,). (4-18)
i=1
TR, s BP = min(exp(1 - 2), 1), JH r Hil ¢ 2052 25153
G SO K, BN TSR )7
o chrFI : 44 X, X —F8hRi T A 2 ARG Fescore , HLARSEE, HE
TR T 455 n-gram AUHERH R chrP, FI143 1] 2R chrR,, ( RIgEERESCH Y n-gram
SRS IR L BRI S 513300 n-gram FEMRIERESCHIILE ) . 2 5 T
AR R FAFR F-score
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chrP, - chrR,
p? - chrP, + chrR,,
FEFEIM 1 2] m ) F-score LAl F, Fa@ %) FiA& F-score E4TF1, M
T AT ARSI S5 2 A5 53-8
A5, 34T BLEU 4k, A TAERMIESECRE N =45 TixtT chiF
R TAERMAGESHE M =6, p=3.0. {EHIFHEL, 7 T At Lk st
pybind11105) 55 1) 5 4642 Cotv MIBLRHEFTIFATIAE. MW, A T AR E
1 multi-bleu.perl X% 4 13 SCHY BLEU {HaE 758

chrF, = (1 + %) (4-19)

45.1.3 HMEISLIET

TERRBYZHOTH , %F WMT 14 En—De {155 , 4~ TAER A T 25{L1 T Transformer-
Base WA 4EH , HIAZRLEEH 512 48, i) 2 BuRAS4ER T 2048 48,
JILHISLECH 8, TS IWSLT14 De—En 155, A TAER M BEC &S FE/N—
Se o RIERAERCH 256 4, TRZRARSYERCH 1024 4k, 1R IIHLHISLECH 4.
I3k dropout X &, 4~ TAES %% WMT14 En—De {45 #1 IWSLT14 De—En
25545 A HUE 0.1 1 0.3, FEASLIRHATY | Y5 Al H Arom 3L Sml i AR, B
WA RS 2 RS A 4 A2 2 5 B iR A2 LA RS54

RIS E, XTYIZREER/ NP IWSLT14 De—En {145, A TAERHH
ML UNZRR RIS, HA R PR LA IRECA 32000 A41a] 5 T £ HUS R
WMT14 En—De E55 360k, 48 TAER A 12 5T BUA A RoR v kg, HAaak
R MR ECH 64000 6. FROLAGESFI2E ) RBCE R UL, BEAPEYIRHT
Adam {4k #8051 BBBHI N (B = 0.9, 8, = 0.999), i HACR A T FJ Hidi g
P )27 > ZR LSRN, (BAE AR SE it E AR Z AR . X IWSLT14 De—En 1£
S E, H2ESER 0.0007, H#b4T 10000 0L B mxtT WMT14
En—De {145, BT H2=2R 4 0.0002, H H 23517 1000 2 FdfE, #
BAEVNGRE R A T LN R, BIRR 3 5 12 A 1) 1) 50 R AR 8 ) o A
i f—EME S, (A% IWSLT14 De—En {145, AT/ERH TM 0.5 ) 0.1 32
WA TLAREL, X WMT14 En—De (155, A TAEMECRA T 0.1 B 1L &R %K

Mt AR S E O B S, WICERR, 5t DA-Transformer FYS 401 5 ,
AR TARTEPAME S PIJBCE FRAEATECH 8, HR Al R iAot
R XSS, A TA/EN IWSLT14 De—En {14 f1 WMT14 En—De {1455 &
2 f = 0.002 F10.005, RFEEMDECH 16 A~ HIPRH chF $ENFebndbfTHE T «
B A P SE I 45 SR ) R RIS ARG 5 A i T 8]

PA_E AR A Zhad AR A A R S B H0 EAE HE T Pytorch HEZE BT R Y fairseq !
THA 5.
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452 FEXHLER

AATRE SN BRI ¥ER E RS 25 R, 455 DA-Transformer
PR TUAMRRS Ty X B XT b, DA S AR AL 1 25 SR A X L

452.1 5 DA-Transformer B33t

BT A TAER 7@ 5L T DA-Transformer iX—HEZE, KHAER /3y 22 T
VE R B SL G 485 S 5 I AR AR B AT X o AR A SR I 2 1) B0 SR 7E B AR 4L
PEEE AT TS5, IR T ARG T30 (B S00 @S (Greedy decoding) . i
] R fi#hY (Lookahead decoding) . #E4%IVfiRAY (Viterbi decoding ) 4 i i
A (Beam search decoding) . A% TAEAE LA A2 393 T B A5 () S5 80
HE, AR RIR:

4% 4-2 DA-Transformer 5| A PR3 145 2 e B0 i PE BV EE
Table 4-2 Comparison with DA-Transformer in different decoding methods after utilizing
monotonic loss

By @i, WMTI14 En—»De IWSLT14 De—En Lk
Greedy 26.08 33.24 x14.0
Lookahead 26.57 33.56 x13.9
DA-Transformer ] ]
Viterbi 26.89 33.65 x13.2
Beam Search 27.02 33.90 x7.1
Greedy 26.34(+0.26) 33.59(+0.35) x14.0
o Lookahead 26.77(+0.20) 33.89(+0.33) x13.9
MEGEREIS RS Viterbi 27.02(+0.13) 33.95(+0.30) x13.2
Beam Search 27.39(+0.37) 34.24(+0.34) x7.1

M EREERTTOAE 1, M AR DA-Transformer 15, A TAEM) T IETES
Pt =0 I BB S 0.1 3] 0.4 24517 BLEU {EAS4 T X —J7 HER TR
PR 1B A 45 25 bR B BB A5 B THAR B 4 135 SO s o — DT, B0 I 7 e AR B
RSO BTRE AR EIR LERCA R, SR TAER VAR A B R Ry e a5 ] o

4522 SHMMELT AR

K75 DA-Transformer #F47XF e, AR TAESF) R 1G85 ) Zrif) 45 8 5 H
M UFR BT TR, Tk AR 2 5 A RCR ] RGeS ae AT T, B
ALFE T AT LRI i

e 3T Transformer!™ () [ 5] )5 i B AL

o Z LA [ I BHRAAY, AndnuE NAT 2821 50 10 48 2 A s 19
CMLM A I8 (F CMLM,) .

o UL 20 LYl 1 [ DA M RS O IR AL, B SynST A2 (061,
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GLAT #7111 HA A= ) Latent-GLAT 4274271 OAXE #4521 pL K CNAT
A 1260
o LT RIENLHIMBAL, A1 DA-Transformer!?3,

TERFFNZE T AL A,
< 4-3 SIABRFMIH B S B DA-Transformer 5 3L {32k )5 1%t Lb

Table 4-3 Comparison between DA-Transformer with monotonic loss and other baselines

fire WMT14 En—>De IWSLT14 De—~En Lt
Transformer > 274 344 x1.0

Vanilla NAT ! 11.79 17.77 x15.3
CMLM,, 18! 25.21 31.19 x3.8

SynST!66! 18.05 23.82 x4.9

GLAT"?! 19.42 29.07 x15.3
OAXED?! 22.4 \ x14.2
CNAT!?6 21.3 29.81 x10.4
Latent-GLAT?"] 24.71 32.31 x11.3
DA-Transformer 2! 26.57 33.56 x13.9
e AESE LS 26.77 33.89 x13.9

MTFRATTAE N . B8, EEGMEHE L, BARERIEE A BH 7 A RE
BUS— RN LS, (BHAE R i SO B2 A g | LA i R
22l CMLM, o XFEIR) I 22 56 2 A0 0 O 2 gk 1 — s i HH 3 SO A2 |
HA 5/ FIEMBRFAEE 2 A5 AR BLEU fHI 258 . XRR B Es =
FHR BN SRS EEMIEOLT , AR AR ZE ) 2 A4 B R B
BUOPRASEL o, SEEUAL A RS B AR T B

BARAITHZE A B A CEAE B A BB 2 ke E A, (B T I A
HERYI A R B LS 33, M2 H FIEEZA S rEEss, HIER
L) — &5 HE B RIE RS TS, #WFE T RS A H AR ZE S L~
FE3 B Il p s e SO . HIE R R B RE, XS ELT Vanilla NAT
(RS AR BB AR ORI BE AR T DL, (ETE i i i 3 SO & |
5885 | ABACE 3 2 59 BLEU {Er9 228 . H #| DA-Transformer 3% ]
e, AR B EEBIEE R R RSO B RS IA R 5 B AR EA 2411
K, IR SR B ] AAY 2 B) i i SO R ZEBE A /DR T 1A AN .
A TAER AR — ) 3l b SE— 25 B hils AR B S 5 8 [a] 0 B A
B eSO, X — T UL T DA-Transformer AL _EATIIAG 1R Kk
HEIS, D AR BB T R B B E AR AR B B R 5 RS
RESEATATHY
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AT ZRAGUT IR R BT

453 SR
ARATRF AR LA B EA T S50 B A R e T 04 o
4531 REHEMNGERAIZIME

e, A TARDAT T U Zraed e b B RAF R X A R 52 , SEYAE (e IWSLT 14
De—En {155 FifT, [ HARPNSHMEREAAL, (R T i bR R
Wi, ARG ER

3.9 =® = 0urs A
3.8 Baseline // \\
¥ 4
- BT 7 \\
5%6 / \
m ¥ ]
g A Y
B35 ,/ \
’ »
BA{ o
4 8 16 )
EHH=E

Pel 4-2 O3 [l U468 2 R B DI ZRmt G SR AE 8 ik BLEU i34
Figure 4-2 The change of BLEU value with the number of samples during training with
monotonic loss

M BRSBTS , 22 RFEECH LRI, 51 AGRT A 2k R e 5
FHf#S1Y) BLEU {H [t DA-Transformer BEAIG, X2 T REMEAKER D, T
BORIALAE SR FAR7 [N SR I G A 7 2K, ATTAHT SR T — 2 i th 3 S0
R, MBEESHIGM, MFEARE 4 3EINE] 16 B, SRR HY eSS
B T rET, X UL REE AL E s, BRI A BTG, iX
FEEEH R T 83 B O B T, MM R RIE S, Y REEEEN
16 HHR AL NS U S LI 7KF, XA TAEERB IS 2 GE 1 .

4532 REEIRMERRM

FET R, AR TAR RS 1 RAEIS R A R PR PR bR 4 R S0 o 4T S
R, X HCRH T WANESS, B BLEU fl cheF, FEHAMMSHCR BRI T T
XFEE, GERANTT RN

49



IE B FIEAL SRR N2 H AR S

AR 4-4 POF AR BN ZEm BEHE A ba 4L BLEU {81t
Table 4-4 The change of BLEU value with the rank metrics in sampling process during

training with monotonic loss

el Hor¥sh: IWSLT14 De—En
DA-Transformer \ 33.56
BLEU 33.66
+ = Bili
RIFRASE 33.89

MFRAT DA B8, AT LA S BIRER A PR 65 1 0 A
SRR T B4R T . U, SRR chrF SRAESSERAO I
YR LSS TR T BLEU I YIZREER , Xy T WL T Xiang %171 %y 2
B, BB IO BEAE % I cheF H BLEU 5 A T3S i3, %
LB T S X T R T 5 T2 5T

4533 BEINEITEREIZMN

B, AR TARR & B RIGE A I 2R AR L (ORI BRI 250 22
IR R B SO R T, ZIAEC (4-14) , R TN R LRI 2R
BRI L

(1) step,,i, =0, stepyax = 10000, 4,,;,=02, 4,,. =1.0.
(2) step,,i, =0, stepya, = 10000, 4,,;,=0.1, 4,,. =1.0,
(3) step,,i, =0, stepya, = 10000, 4,,;,=0.0, 4,,. =1.0.

XX SR B e, A DA T 7 —ROISEs:, 40R 0 FoR:
A 4-5 DRIF RN P B DI ZRIN B g 22 i BUE 8 ik BLEU {92816

Table 4-S Changes in BLEU values with unimodal and multimodal loss weights during

training with monotonic loss

H‘ ‘E[—/TR A }\

DA-Transformer A=0 A=I I o )22 Ak )
@O @ O3

IWSLT14 De—En 33.56 33.71 33.78 33.63 33.68 33.89

M ERGER B AE, EE, EHEORME IR ORI [ U545 5% R B 2 ok
R 2 1 PR SO ER Y R, R BRI A S St R — i i SO R R T T
T3 SR IR 1A T ) SR R b A T S, SR BPA R AR, & 0E, REE I
SRE AU B LIRS, BT A a1 R SCORAR R TR T HAR, FERTHIR A
— € LI ) 220 11 BAES JHUR ] B 2311 RERS AR 21 B iy 14 i H 3 S

WA R ) A AR AT DA BN A — 28408 ¥, B SRR
DARERGED ], T ISR A SO PRI HAR, BRI A
14 B 451 2 B A i A i 1 1B SO (W B T, (B T 00 R R B = 1 I
IR RERS A 13 SR 32T
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4534 HEERHS W LREXNLERAIZM

Shen %511 2 PR H5 AR ISR BHIRARAL 1) — A 2L TR, Hodoh THi B
B2 A B T R AR BRI LA B S5 SC E, AEEAERARR SR HIR R TS5 0%
3C, AT EAS A A R Z NSO BE G2 — R LSS S it o R RY, R
TR BRI SCRENS A 5 RARFI S H 30, A TAERM T 0T A3 -

(1) SRR I REES B33

(2) AFAERIERPORAE I QORPERR AT K R 2R A4, FEASC g
K =512,

A TAFE 2 H A SRS, K5 IR WA 53k -5 4 AR R B 7 IR 1E
IWSLT14 De—En {155 FFEHT 7RI, 42RA1T:

A 4-6 DRIyl 2 BB SRS SR AN LR FE RIS I 8521
Table 4-6 Changes in BLEU values with difference sampling strategy during training with
monotonic loss on the IWSLT14 De—En task

DA-Transformer  + 1%/ [0 94571 5% (ﬁﬁ%lfi
BLEU 33.56 33.89 33.63 33.46

M EFZHHIEIRATAR R bk iy p oy 2CAR A A — 2213 30
HHORI A HOREE, GRAE R i SO EATH B T 0.2 1 0.4 4~ BLEU fH)
ZEBp . XU TATAN S, AT ADEEESH T A R A, A
FLSLMA HHORFER B O 25 8 55 S i o 13RS

4535 ZREMERLE

TEQNETTH AT A, G AR T A 26 R B Oy =X RR S (A AR A 5
[ 7315 S R RS o T X T B4 93710 I AN A s BT e DG 1) A S T A5 31 1) 3
SCIERR BE L, T LIS BB S AR A B R 2 REIIRE S RE T b AR ST
%% 7 Huang 2515 dhfifeyds, g AR FEE Y top-p SRAE (EDAZRAE) skexe
PR AR B S 2 AR . TAEX 2R EAMER PR B, WESH T
Shen 2700 iy, SRAARIIBENLER T (D151 5) SRET 5 41% 3, HH
5ZH3CHE BLEU [ [RS4SR P 2 [1] 1) Pairwise-BLEU., AT {f
7E IWSLT14 De—En {145 _EiFf7T T 525, 45 a0 N E R

M EEH R DAE W, B9, AR EFEE Sl SO 2 R R LT,
AT (BRALR S5 ) WER M2 T AR ER) DA-Transformer , H.F 3% 2 [A] ) BLEU
fEAHZEIR R T — 6, X205 th By 3R B Tl 3 A 5 VA T Z2 R R A
PR A Ay LR RS R A T
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== 0urs e
-#+DA-Transformer

75 70 65 60 55
Pairwise BLEU
4-3 DR T8 2 eI 2R I B A E 2 R PR R AT 55 LI &h 1

Figure 4-3 Results of model trained with monotonic regression loss in diverse decoding task

46 FEEINE

AR TAE AR I T — R A1) AR PR e 1] U e tE A [l U A 2
W TTIR s X — TAF 2GR R L i i JE B A B G T 2%
PESCHY IR M A, AT = 20 R L S5 3000 A1 0 i 2 X5 451 2% BRB0EAT Tk
Wb AT AR A i 0 A1 R OREEREAS . HFEIA T PR 145 5% s AR A
PREEA A AR INER SAEAR B A — 2[RI, SRR A o)
DU ATAFAE—E WREIR L, A TAERAT T AR R PG KRG SRS
Sl %k, e WMT14 JES|fEEFR IWSLT #UES|90E FikfT Tk iR, £
FEAGR P [l 7 IR RERE L B 1y BLEU (AR T, X ULIIX—TriAREMEiE
B AR B AR fy 2 SORR AR o MR AR 100 E E [ AR )
H ST RS THE B A BRI I, 52T DA A B B 110 )1 2 SR oA i >
GRTT Z19 7 M PAMGE -
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B5E WERMETNERSISHI%EI

51 5|F

IS TAE D R R T il 5| AL BT U B RS, PAGE X2
AREAIEL TRy Il ) 5 ok it 3R B A il e i3 S i, TSR IR i 45
AR, iR TAESBIMASE R My ekt TRy b th i SO . (HaX
A TAEE G E B e b rERe BRI, HAORUE, BTaEE RIEBI f i 4
R AL EAH B RSB AT, B DATE UG LS A B WM A — e I 1
RERL, BIALZY S o 5 E LR B AAE — D R TR A, X2 FE
IE B AR L W I — AR B . F3AW A 2 4 7E Huang 21931 ER
B PASL, Huang 2519591 chdiiiE B T, B8R Z4{B) T DA-Transformer AR @ 1T
SRR =R ) TAERRS RIR PG — T3, (HHADRE A IMNE T A
FRixX—PEReimat . MAE E—ATAERWaREE |, XT84 P SO &
IR . X T T Joie A Aoy SR B UG, dE B RSB AR 25 1)
g B 0 A JOACRN N LS A AR A58 2 1 Tew Ao

BT HEW G EHL AR —E WME, MV, A PAE A 2230R AR 26
Mg ilZk B br. FIHTPEFEIREAT I g —Fh b BB e, E— > TAEH
PRIF 45 25 BREOH 2 — R ORI PEOY 8RR AT N R0 T, @ X FvE %
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Figure 5-1 The structure of the model and the score calculation process
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Table 5-1 The results of several strategies for training models using evaluation indicators
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Table 5-2 Ablation study for sample constraint and calculating perplexity
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Table 5-3 Results of models trained with evaluation indicators on multiple evaluation metrics
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