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Abstract Currently, neural machine translation (NMT) is insufficient in capturing the semantic and structural
relationships between clauses in complex sentences, which often results in poor discourse coherence of long and
complex sentence translation. To address this problem, the paper proposes a Chinese-English NMT approach by
integrating the clause alignment knowledge into NMT. Firstly, a labeling scheme combining manual and automatic
annotation is introduced to annotate a large-scale clause aligned Chinese-English parallel corpus that provides rich
clause-level Chinese-English bilingual alignment knowledge for model training. Then, a NMT model is designed
based on clause alignment learning for enhancing the ability of the model to learn the semantic structure
relationships between clauses within complex sentences. Experimental results on WMT17, WMT18 and WMT19
Chinese-English translation tasks demonstrate that proposed method can significantly improve the NMT
performance. Evaluation and analysis show that proposed method can effectively improve the discourse coherence
of complex sentence in Chinese-English machine translation.
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AR, M pLasBiFElE BT S0 BRas e
>) 75 1 USSR KA o Jean ZEL°VR1 Zhang 451715
AFAN gt g B, X R R SCiHE AT g b, Of
43 93 N FH 7E 36 F RNN FI Transformer A9 #1 £5 B 13545
#Yef, Miculicich 25 2 R T g5 H B, 5a
IR F YA EE B IIFROR, a2 BT,
FEHR AT YR LR RBE ST . Shi PR F X P
7ok R A R DL SUE X SRR T R . B
i, Bao 25108 1 G-Transformer B0, A 25
A 1 2R R $E i XK SO T S B
FIBRHRE. SR, JOGE N R SOF B e A Rl
R PR SR, NS B, R —
e A /N ag i AE K A1) (sentence) A FE Al BV o DAXLIE
Z5RE, BB E2ZESEPEESm)Zm, N
PR E, PG ENA 225 SR 22 R M
P2 S S P R B & e i 1

BT 45— D0 A AR . —
2/ NG 1 52 20 i SCR A e > iR e SR —
A ph 22 B PR JR G R L 2 SIS /N, /INA] i)
2 R O R A B IR F AR 1)
n, N T30 i “although” 5| 5 1 = S5 H) 6 &
WAL 7 A 1 38 8 B PR “and” T <“but” 5 | 5 A I 51 4
HRFR . BRG] RERER, B2l @
PETCIRA BB A 4 52 2 M) TR R /N (] 1 s B 45
KFR D IEE T 5 B T Z 000 5 45 R % 550
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A 2 XML BRI A T A S (H SR
P2 HLAS BRI 5T 1 A RE X — i,
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PRSP AL BT i TE8E 2 m, B Xl
REE R B (), FRATIPR T T 4M )X T/ NVa)
XTS5 DL A R A TR RE, RIS B /N X 5%
AR AR T TiE R R, B AL 2R it
Fw IR AR SRR, ERCRL T, K
AT — B B TN i) X 55 27 2] (1) fi 28 AL 45 T A

Y, o 4 ik R 2 /N R 9 R SRR,
DA L% g i P R LA g /N 0] 527 21 R A ROt Bl
AN RIR, SR I 2 ) 52 % g PN /A ] )i
SCEEE R, R mE AL B A ) K SOR B R
BT

1 EF/PMAXFRINEFEITIER EM

#BhE

A SR AR @A 2, N WMT A FF 48
SN DO N S PO = L N B = W 1 8
NRAETERL, SR U SR 1 Bl X 5 e A Rt AT R
FUREFR T, T RS L T/ Vi) X6 55 (R 0947 1
BE, R i LA B PR A B A i D N 5
W BB HLIB MO 53 F R, K
FHIRTERAL S R 57 R mE, B e MR i DUE HE A
T BT AT YN 48, ARG S DUE Y o 45 RV 4 g
H/NA], R ICIEINVADN 5 . AR B SRR
KABER, e/ N N ThrvE, T Tos
T 10 T3 052 e my g /N bl oy FOe 5545 8, 7EH Btk
TR R ik gaiiE . K5, AR SO i i 47 H:
AT BAER A SR .
1.1 E-FF5FRFERINZ/NAIR A 7%

/NSRS 55 L FR R BEAS T f B 07 (elementary
discourse unit, EDU)HII, 2 Li YRS &, A
K 5L T Bi-LSTM-CRF (14 81 b 1 45 8 > R3] 1
Y153 008 /Ny o FRATTHE/INA] R AR Sk 5 91 s 1 AT
%5, ML B/ INVa B B 3R . an ik —AN e e
N ZE R B, W SOZTRARZE Y™, W —
AT AE /NN ER, ABARAE/NEJ S R B, T %
TAREE AN EEXTEIRIGE T, AT I % i Y
A PR R OE AR R AR X /N B s e ., A
FHI AR A 20 Hr 2% Stanford CoreNLPUS3R Btk A
) F o AN ) IR (part of speech, POS)EFE 1)
IRRRE, P AR B ACHE SRR ID RO R
Je, FEFI S5 A A5 1 e ] e AT ) DL K g v AR )

WA VDFLETD, 28, BHAKNE—S, A S MK, SAEARSI. (R ETREM GRERD )

AZI#E3C: 1 This boy, a member of the Sun family, /2 had been born in the year of the horse. /3 Although he was a year younger /4 and a
head shorter than Water Girl, /5 he was honest and sincere.  (by professional translator Goldblatt, 1991)

honest. (by Google NMT system, 2021.5.1)

HLE$FESC: 1 The young man, surnamed Sun, /2 is a horse, /3 and one year younger than Xiaoshui, /4 not taller than Xiaoshui, /5 but he is

1 XEHENFHFERAFFNRO

Fig. 1 An example of mistranslations in Chinese-English complex sentence machine translation
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HARIN, 2 AL LSTM (Bi-LSTM)!' )2 32 2% 3] 43
B R SCRIE R R fiede, Bi-LSTM fir Hh 45 SR gl ik
A CRFUZ, 4 = 43 28 100 24 i 1) J2: 75 J T /M)
Ao AR Y FH A2 AR SCFF AR TR 9 10 5 A%t
Bl b, A Sk i e, R BOEE 4 S K 10
0y, w9 VR U ZREE, 1A il 4L
Pt o X 10 7 A XE R HEAT 10 R 10 9728 LBGHIE, %4
b XA T BE VI 43 (AL B R AT I, SO/
R IEF] P=92.0, R=93.6, F1=92.8, JL3r/Ni]f)il
BRI K F] P=94.6, R=93.0, F1=93.8.,
1.2 EFRMFEIMINFNAXNFHE

DUHE /N 58 R, T B A N 5
FERBA/NIFT EX FARE AT 5 o (B G A% 5F
TR I T BERRAE | TR AR A B AR 45
o ARSCRJ Ding 28U HY A3 T iR ARAE 1Y 41
X557, FERE 1) % 55 0 P Rl U /N ) X S A
R, FRATTS A 3 T Ge it i iR X 55 T2 Giza++"),
FE R AR I S A7 R 2 2] B — A4S XUGE X 57 0]
M, SR 5 BT — A H P AU RNN (Bi-directional
RNN) 2O Bl 1 s i e o %o I3 ) = 44> 37 o, 76
XU 1) B v A 6 5510y, SRR IR TR /A RD H AR
/AR 2 72— X R X S IRNC R A . FEVR T
ANEIRIE BRI /N A REAS 1] 5 G 55 1] 9 3] 1) e D
Jo, 35 A GBS AR 04 P AN XU RNN 179025, A
ARELME RS, THEIRTE S AR/ R 1 SO DG BE
FERE o SORH G B AR M 22 d B Kbk, 54—
A, IR AL 2L, S A N
TEXREFF o MR DU /INAY X A B, A8 X SR 28 T
D) LAtk -, AR SCHLIM A /N B RRAE A
FEAE (4 58 BRI T AL o 3 0 X A SCF T AR Y 10
T3 ) T ERHE #EAT 10 UK 10 47 28 SLEUEM I, B9E /)N
AR HEF] P=91.4, R=89.8, F1=90.6,

P 2 45t — DU N RS FF B RS TR o R
H 4] #0542 B 22 A /N i) R B Y /N i) B2 A R (2 4%
A, BN /N I BR S P) 50 I, I /NVA)
AR B S XF 55 . BB 2 AT, A s A S /N

DI (e — AR, 0 BRI 1R =22 18] 3 SRR
NI

ARSI i LA EAREETT I, SR A S A4S
BT, KR 5 IR AR T A 4M A X
SORAPPATIR R, DA DU L B R LR
R 2 S /N ZE R X SR ARSI 2R 8 . 3 4b, FAT
TR TR R ) B AR R AR AR AN A
PR, AT LA BAT 58 B/ SRR S5 1 19 0 55 B0
XA AR 2 o g B 2% THI A T SCES A A T Y

2 BhE/INEIXT ST AR B E 28 B IE

=R

R A A A Y kb 2 ) BNV SR RIR, AT
TR B T/ IV 555 2] B Rl ML TR A . —
T3 THT, B SRR O T/ INR) AT B AR UROR; S
—J7 T, YRR S H bR N X S ] o BT
GG, AT LI S b B AR A6 A 2 ) A )N
AR ZE R E B BB A 2 e T . B 3 45 Rl
PR SR PR ZAIL A% B PR A 204
2.1 #EiFmE T/ WAIFIEXNRT

A% SCHE Transformer ™ 48 4 () 3L Al I, 48—
il Z B P IA] i & ML (Multi-way  Coordination
Self-Attention, MC-SefAtt) 3k 1 3 4 i £ i iE & 4
FHET /M TE L RoR, BARJ kT,

Y hh s AR N2 HES I L. 75 D i A4 A
J2, AR 1 1R 50 A T A T e A R
ASVENEA o BT bR B & A K /Ny 5%
bR, % B RIARZ 26 5 F 5 BNV 2T 18 A5
5, AT PR 2 A A 2 18] (N 254 3% 45 R)),
i At T 42 1E H 7 U .

TEgAS % AR )2, AR B —Fh 2 5
ENERES =K1K et DN 23 iR R il R 2|
W=wi, ..., wp)i&RRENI] w, AL E R 5 R E 4] 7
G W R w, /N5 W (1<<M, M R AT 5]
/N0 . SR E, TEBEAFH W B E A ER
1, RV FS AR H R AN S W,

FEA): <I>DEELETN, </1><2>J8 Y, </2> <B3>HANKINE—F, </3> <d>AhmikVKE, </4><5> NEVARF 2. </5>
H##%i&4) : <I>This boy, a member of the Sun family, </1> <2>had been born in the year of the horse. </2> <3>Although he was a year
younger</3> <4>and a head shorter than Water Girl, </4> <5>he was honest and sincere. </5>

2 ETEZFANINZE/NAXFIRERE]

Fig.2 An annotation example of Chinese-English clause alignment based on complex sentences
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Fig. 3  Architecture of proposed NMT model by integrating clause alignment knowledge
and schematic diagrams of two proposed attention mechanisms
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[ query, key fll value FJHiFFEFR/R, 1<j<M; Mask &
AR, HAE S 4 /Nag DL A i i8] s,
el A5 2 ) 355 X6 Rz /0N P S A T R DG AR
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it 25 [ 2% FEN(-) F1JZ b5 #EAL A LayerNorm(-) Y iE
— GG, 14BN LTS A8 5 n 2RI T A
[ L H'(1<n<N):

H=H+H", (3)
H'"=LayerNorm(FFN(H)+H). “

2.2 ERIFELI0 B IR/ A FFES

S midan 2L, ffnta o i A R Y N2 HE S
o ASCHEfRS R 52 0 B IR I HLE 2 4iE
LA A 28 W 48 1 2 Z BT — A G i 2 i %
NI SR S F /2 (clause aligned cross attention,
CA-CrossAtt) R X BE 2 [B] /NVa] 6 5505 B 17 @i,
A 1A AT RS bR T B /NI X SRR A, il
I 1F D) A B s i v R /N (] Y 1 B T X SR AL
H, G A R RIS T s = 2 T
IR G R X IR, DA B = b 2 AL A BT R
ZA R RE T o

5 gt #n i A ST AR, MR A AR
L H AR T 1 5 A 16 B IR A Rl B e AR
M, K EEABREA R bR 2 1n), BE AR e E R
i A o

FATHE A AL 45 M 1T 26 n 2 (1<n<N) W g A FKoR
(RVEE n—1 25 i HbRiE S M PR A)IE N S,
Horp i R YA, ST E LT HEE AT
J2 R BRI AR 5 1 B ) T RN S, Mo
A7 IR R o ] £ S

S, = LayerNorm(SelfAtt(S"", 8", 8/ )+ 8", (5)

BT ok, XD 2% B AR SRR S, TG A 2 i
T2 (5 N 2)RIE 5 A RR HY Z 8] 1 /N X 5515
SHEAT EEARE, 8 5 VR RN A g ) /N R XF 5 AR 2
AR SCIE T — i 1 T A ) G B 25 —ff B /N ) X 5 3
= IHLHI (CA-CrossAtt) . 150G, MRS f 05 2% i H AR
WH A S 4 BT AR /ANA] R, 4R 38 I g )
PO RANGIE - R 17/ B A L 3 o N1 I T
S X N B I i 55 2 A4S /N ) Y i A ] 4 467 Y L (A0
w,..ow ) FRIR, JEAERE HY WAL BN PN M, —
ASEHEINE m 2 n 47 Z A ER 43 BE AR (Mask 2H 0)
FIAE B HY (55 2 AN /NRT YR B R0R), 53— i
5 om E a ATHRE R /B G 24/ NI Z AN T
FNFRIR), SRIG R I P A 1) 7R B 43 e A [] i A
FHITERE B

C" =CA-CrossAtt(S, ,H", H"), (6)
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NAT NyT
. _ ' 7
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N
Horr, §, %R query, H) il HY 73 5IE R key 2 555
Fiz %, HVER value AT, S8 TR
Bi i B I ALE, 4 CA-CrossAtt(-)is 575 2] fi i 7
Uiy Y I 1) 2 T 5 ) £ B R SO ROR €, G
2 G R 25 Sy X WD) ¢ % YR g X 55 /0N A I B &2 00
BE, XSO N — MR EEAEH . IR H,
CA-CrossAtt {2 1 T 2 A H AR T8 s =48

e, ADER T2 R B F Scm R ¢ Zad
H s 28 ) 4 2 bRk )5, B Softmax JZ2 #1714
—ACERAE, TR — 1 i) B A

S = LayerNorm(FFN(C" )+ C)") , (@)

P(y, | y_.,x) oc Softmax(W,S") . 9)

3 XWELERSH
3.1 KIGHE

MR I T L BRI SR B AL 35 TED
PR S (TED Talks), H w54 (TVSUB)
WMT 2 FFPFINAT: 55 42 ) News-Commentary 44 #i&
4 LA M Europarl £H8 48 55, {Hix SLHR & AR 37 FR &L
WAL, JF H T IU0 BRAT 55 8 AR vl . B
P X AE O, Fo AT WMT R 28 T4 38 £ Uni-
ted Nations Parallel Corpus v1.0 F i % 4M 4] X7 3
S RAY AT RIS, A T bR N 5 AR (DL
L1 AN 1.2 799) o A SCHZ A T BcE S5 AE I 2550
P, A8 b ) 55 B8 E D 1] WMT newsdev2017-
ZHENE A K UE4E, fdiH WMT newstest2017-ZHEN,
newstest2018-ZHEN Flnewstest 2019-ZHEN iX 3 /> ill]
WRERTERAIMERE . MR AR SO R A R, 3
AR GHR AT AM bR T B 245/ N 6 5505 28 5 1Y
BRI, BIRERITHE R IR 1,
32 XWiIEE

K BPEP R Im Y14y 05 ik, IR AN E b i i) %
Y1k 40K, gt Mt de #iise 6 2, £3kiE
BB 8, B )2 4 I b 28 I 24 Ak B 53
WA 512 F12048; Il 2k Batch Size %N 64,
K F Adam Optimizer™ Ak &%, ek #8400 4h 24~ R
BN 0.00005, Dropout™ e #Ri% o 0.1; Hifth % & %
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®1 HEERIHER

Table 1 Statistical information of data sets

i)

LGS GFR -
H3C Y
Training data 4.0M 134.8M 151.3M
newsdev2017-ZHEN 2.0K 52.3K 61.8K
newstest2017-ZHEN 2.0K 49.1K 56.9K
newstest2018-ZHEN 3.9K 94.1K 117.5K
newstest2019-ZHEN 2.0K 60.6K 84.2K

FH Vaswanil™ 22 45 (1 BN B o AR SCBCRY Y S 2R R
4t Transformer % T JEHESE OpenNMTRY
33 FEXWRHER

AR SO RN B KNG R U ) BLEU-420F
48 B X 336 SCHEAT BT B BEAG, 8T multi-bleu.pl 41
ARHATIHHE . SO ATFRR ML BT i
TAESATHERE LB (2 2). AT LIFE i, 5 Bahdanau
S5 P 3 F RNN ) 41 28 L 25 B 19 4% 8 RNNSearch
AL, FATHYBEIE BLEU fH_E V-2 B4 2.99 4~ 5
BIEET. 5 Gehring 45 PR H Y 3% T 5 BLp 2 454
4 B PR AT EY ConvS2S AH L, AT A A5 28U - 2 4 1
21944 . 5 Vaswani ZFHR R 2R T HEE
JIHLHI ) Transformer (base) ¥ B A ., FRAT i 45 AU
SEARAS 1.57 A iR TR, 5 Shi SFPHE A ST
XL 2 B A6 5557 2 T iE AR H, AT RS- 1y
B 0.59 A AR ER T, B TAS STRBSRY A i 2 )
BUIHS A B G AT 28, AR 2 4 A B 51 AR
D 2, A SO 5 LU R 2 R S 1945 43 W o 4
1, AT DAHERR B4l R 2 550 1 0 5 SO R T X —
HZE, WUk TAR S RMARE. SCHTEAMELT,
ALy 1 SR /NVa] (8] 1 SR TR R A e B 2 IR 45 4
Y E AR, JE A /N ) 3 SR R R R N R A
>, ARAET T LA BHIE A TERE

F2 WMT X-ZEBEEZLHNETEFUER
Table 2 Main experimental results on WMT Chinese-
English translation tasks

HE newstest2017 newstest2018 newstest2019  Avg
RNNSearch!?! 17.26 17.43 19.87 18.19
ConvS2sP! 17.94 18.45 20.58 18.99
Transformer (base)™! 18.66 18.83 21.34 19.61
SentAlign®! 19.37 19.78 22.62 20.59
AR SRR 19.98 20.13 23.44 21.18

L R AT R A R
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34 HEEZRNMIERNES

FATT 3BT T AR T A5 A3 X SR 28 AL A
PEIEBERUSE MR, SLER LSRR 3 PR .

N3 AT A, k4 R 3 /N R g
(0] 7 o 24 2 U5 5 E bRt/ V) SRR, AR
SCRERUAT R e T LR BT RE . B (1) AR S
2k 2 4t (Transformer) & Al bl 2 # W) A 38 0
B (MC-SefAtt), 75491 LR IR @A /N
Y iE LR, BLEUE H 2k R 40 F 271 0.48
AR, RABI AN TE LR TT LRGSR IR E S )T
FORfE S, It DL BRI A MR BE . AR
(2)TESLLR Z G5 (1 Stk A1 FH 4 50 28 A i 25 /N A ke
FFUE R SIHLHI(CA-CrossAtt), 1§58 1 2 fith a5 Fl k- it
AR/ IV 2 T B SRR ST RE Sy, AR L2 Y A
bR /N il OB ARAE, BLEU {H 34k R 40F
PHETF 1.05 4> . BER(3) 7R L Lk R GE iy SE Al B TR
i 2K F MC-SefAtt Fl1 CA-CrossAtt B Fl i3 2 J1 ML,
2 % 75 4 B BE 7 R fige BT 2% U RE f v — 2 4R T
BLEUfH 328 R G T BT 1.57 0. LR R
FW, ASCHR ARl A /N SE RN i, AT LA
(iR A 25 b 2 B OBUE /N J2 1T A T8 45 R X 5
fiE, TR v i 2oL B2 O B
3.5 mEBHR-EEEMFEENST

AR SCAEASE Y Hp i B T /AT X 5 B4 2 1 4 i
= S ALE, IR ENE ), S50

x3 HEZNMHMIBUAESRER
Table 3  Effectiveness analysis results of each
component of the model

e newstest2017 newstest2018  newstest2019  Avg
Rk B2 HH 18.66 18.83 21.34 19.61
(1) + MC-SefAtt 19.14 19.26 21.87 20.09
(2) + CA-CrossAtt 19.41 19.68 22.89 20.66
(3) + MC-SefAtt +
CA-CrossAtt 19.98 20.13 23.44 21.18
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2
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m
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Fig. 4 Effect of different 1 values on model performance
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RSC: 1 AR ST, 2 X R ME F A BT A RHE, 3 KNG T RAOPEERTTIAROC, 4 HoP R TR T 0 4
PR EINE S IRIETAEE THUE, 6 3 AME) T AP #AE W i SR IRUE .

Transformer: 1 In order to standardize construction behavior, 2 the New District Management Committee issued a series of documents to regulate the
construction market in time 3 according to the relevant provisions of the state and Shanghai, 4 including the construction bidding management

measures, 5 and several regulations on demolition work 6 have basically achieved every link.

ASCHAL 1 In order to standardize the construction behavior, 2 the New District Management Committee issued a series of documents to regulate the
construction market in time 3 according to the relevant provisions of the state and Shanghai, 4 including the construction bidding management

measures 5 and several regulations on demolition work, 6 which have basically achieved clear and specific regulations for every link.

5 BESGINEE

Fig. 5 Comparison of translation examples

PETT RS B B A . Bl 4 IR FE newstest2019
A AN [R] 2 B X AR RE R 52 . 25 2 DA O
B Z 0.7 1, BIAIZRAS 0.6 1 BLEU S04 T, B
M VR AR/ VA X R B R, B GE
EEVRTE; H2Y 2 BUEB T 0.7 BF, BIRIPERETF 4R T
[ I A (S UIE A (RE =W o i TR € VAN D O By ol
ERIAMERE, A A(E N 0.7 KL Ab A 25—
i i g 1 R AL, DA B R ) B R B
3.6 B

R T P IR S ) B BRI RE T,
FATHAT P LBS LL AT B . B S 45 th— 1R
A EHPESE, &5 1, Transformer (F&4k R 48) 0
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