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M ulti-coverage Model for Neural Machine Translation

LIU Jun-Peng, HUANG Kai-Yu, LI Jiu-Yi, SONG Ding-Xin, HUANG De-Gen

(School of Computer Science and Technology, Dalian University of Technology, Dalian 116024, China)

Abstract: The over-translation and under-translation problem in neural machine translation could be alleviated by coverage model. The
existing methods usually store the coverage information in a single way, such as coverage vector or coverage score, but do not take the
relationship among different coverage methods into consideration, leading to insufficient use of the information. This study proposes a
multi-coverage mechanism based on the consistency of translation history and complementarity between different models. The concept of
word-level coverage score is defined first, and then the coverage information stored in both coverage vector and coverage score are
incorporated into the attention mechanism simultaneously, aiming to reduce the influence of information loss. According to different
fusion methods, two models are introduced. Experiments are carried out on Chinese-to-English translation task based on
sequence-to-sequence model. Results show that the proposed method could significantly enhance translation performance and improve
alignment quality between source and target words. Compared with the model with coverage vector only, the number of over-translation
and under-translation problem is further reduced.

Key words: neural machine translation; attention mechanism; sequence-to-sequence model; multi-coverage model; over-translation;

under-translation

BLES B 8 VUK —AE S (FE =) BB 8 —AE S (B AR IE SR ER. TFEk, MayLss
%ﬂﬁ%(neural machine translation, NMT)& it AWk e Ffl 5632, Ton B K EIEEERE. DA DI sh S L2 B et
TE WK <G A - RS S e, o, GG S A AR A % T LUK A [ B D0 248 45 g, K Ao 6 D 4% 3 41 5 44

« JEETH: E K E AR RI(2020AAA0108004); [E 5 H AR Bl H4:(61672127, U1936109)
W AR I ) 2020-04-01; A& B I 1] 2020-06-17, 2020-09-30; % FH i fii): 2020-10-28
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(5 55, 40 R0 PR 4 28 W 2% (recurrent neural network)! . 25 Bl 45 % 4% (convolutional neural network) ™1 [
&7 M 2% (self-attention network)5 . FH AT, AR ML B0 MEAE O 4 B AL G ST HLAS R IE, BN Y
TR 2% T 28 408K 1) T 9 s 1O,

AR KRR BT R 50 K 0 A5 B8 ) A A5 4 R WL AR B 1R 1R B KR AR T, (R M E MRS Bl BRI A FE
T B 8 1% (over-translation) Fl i ¥ % (under-translation) [0 #1. 75 3 T A T ML 2 B BEA 2 v ) Sk 7] 5
BN B 2 A B R b SR T Y RS S OB AR C A TR 7 5, B ORI YRS S R Y R e
5 H AR — IR (R IEM A LA BB G B A i D0 S B35 B &b, JF B — g i FE 45
TENMABEEFIAERN S, RS I B B 18 00 B 15 1) L.

9T 1A ARG A R R A N 2 S5 AR R, SCHR[S1fE X AT ML A B 0 2 A AR T Y
(coverage model). 11—~ i [7] H (coverage vector, CV)it kML R PRI PE DT 5 R, JFIR IR I
T, PR OB 05 AR, sy B I HUHI 5 2 M O3 R B 10 . AU, TR0 R TE & 1A 7B W
478 75 g 7] 5 (full coverage embedding vector), 7 fif A% ik 5 H A W ) 9 200 128 0 5 1 G A ) o, DA D BRI O
TEA MRS /E R . SCER[ 1O 1 3473 & S 9L (recurrent attention mechanism) %571 & 1 # G i B 2 1)
AR, IRl 4 #4525 (conditioned decoder)yd /b T S B IE. SCHR[11]H4 N T 5 A 4041 (¥ 005 A o 22 I 2%
43 e s R PR R 1K 7 M (past) AR SR (future) (5 S, I H 1% A5 B30 30 = HLHI AT AR A

B RN UL S RS S A 4 A, TR B AR I 3 S R 3 e T S R S e v B 4 R SCRR[ 1238 1E
78 i 1E 11 (coverage penalty) Fl K /& 71— 1k (length normalization) {3 #4822 (beam search)i %, 8 1 71U 7F 3% $ %0
PEGE SN 2 BAZ 0 B 5 RO R TR 5 5 B a5 R R, B S i ) ) I RE R R R A R SR (13 )48 ok
1597 # (coverage score, CS)5I ANRE—VORIL R RE, DLIb /b R 5%, I H AR & 0 B0 EEH TES
WV H FRTE S IV 2 A OC R

R R, YRR S LT SCEE S e N SR, T HARE S BT OO S SRR A A G T
AR, SCER[14]3 HH T N X1 ] (context gate) /7%, MRIEIEIEF I HARE S LN X EEFRE, 5%
PR BRSO BTE AR A H BRI E IR S EL L %7V LS A S LEIAR A A, B T 5 B 3 4 A R
BRI R R, B TE R ST AR B SCER (15738 L A A g s 48 5 v & I ML (decoding-history enhanced
attention mechanism) @ 7 JJ7 H VR & 5 R A H BRI B S5O0 R, AR 2L AR B AR B T I b 3 PRV O S
AVH bR S w615 B

B Ah, SCER[16]EE X VR 5 F b A e PR 00 A R R R R AT T, RIAEYRE S, B8 PR (translation
entropy ) K (1) ) 5 7% O R 26, DB L BE T 17— LA 2 S0 41K JE (coarse-to-fine) HE 4K, 43 il fiff v f1) 1
SRR 2 (I AN () B, AT 92 8 s ] T TR R R 15 .

AR BT VERIRETE — 5 FE A G AR AR 20 LA TR 3 v P o A 2R AR s 3R 3 A, {HL ) R SR AN A 58
RS, W1 TR, RS RGO RIE L R D, Y S 1)1 A< K42 R (related to the overall situation) #%
BRI, Hefeifil (system)” # E SR BE— K. MO EEE)GE, Rk 8UOF RS20 B 0E, “FXe R/
AR SR Y 15U (H ) 5 M R A “in the world”, T fA I IO B e A8 42

1 EERH TR I R R

SCAG %)
BiGE AT VR P 5 G A T S e R A R () R B A B
SR Dee‘p_ening the reform of the state oversight system i.s a major
political structural reform related to the overall situation.
LAY Deepening the reform of the national oversight system is a major political System system reform.
B Deepening the reform of the state supervisory system is a major political reform in theworld.
L T A R Deepening the reform of the country’s supervision system

is a major political system reform to the overall situation.

VE: SR RGOR A T (R FR AN B 26 119 Seq2Seq MR, A1 ifi BIRLR ML SCHRISIZE 2L 4 R 2 L i 52 L
EHAP AT DL, BAT AR B AR 0 8 ot 7 R I SR PR AN 838 . P RE A SR N &S, B 17 B AR A GRU 4
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25 WU AR SR, S EUEE B BCAER, BEif R T ER MRS F Rk, A
SCHR Yl 2 7 i KR e LS R O S ] 0 i o B, Tl SRR S AR R A I AR
I R BRUE DL, 105 AERR RS B, A AT i 1) R o 0 BOUT D SR A i A R ) IR S D BRI
AT UEE A Y SNERGE S WNTTE= SN 2 T NS RPN

AR ZEANH RS A TSI (1) 38 T W 908 oy B, IF R RT A o 20 ok S RO AL BCE
TS, SR T A AR A LA R PR R R A T 5 (2) SR T 2 P AR B I R B R e S B T
i, FER S IOTE T 77 nAT MR k. 78 CWMT2018 w5 48 B se g g AR W, 2 sl &7
AR R TRV SR, DR AR SR B L, 2Dl R AR R R LS

1 REE

11 ETERHEMERHE REIFEE
BRI WU 0L s T P A 2R 0 R P < ) - Bl A . 2 B 5 g U 5 0 2 B B 1)

SRR, R HR AR g A 4 () i O 7 T b £ 1 (0 R e A 48 B N BT X= (XX, Xm), AR
ML BB H ARG T 5 Y={y1,Ya.....Yn} I G AFREEE POYXO)REAT L
PCY [ X)=TTP(y; 1Y), X) M
j=1
FLARk U, 25 270 O AR B AR LYY, Yo ), AR RGN — A B ARy, AT S A
P(ily<i:X)=a(Yi-1,4,) 2

Forh, )R ARZE PR ) A IR 2R ST B AR § R0 D 1 T A7 W AR 25 7 B0 0 503 5 1 F
L b s B9 SR

t=f(yi-1.5-1.8) ®
5 =2.3-h @
=
o _SPE) ©)
ZkzleXp(ekj)
§ =ATT(t,,h) =V, tanh(W,t;_, +U.h) ©

E

o hy BUETE TG x g g i 5 1T B BB s, ph TR SRR R AR U A B A 2R I A A O
e, Bt b =[R;RT, Hor, RO Ry 2 SRR S 168 B0 28 0 4 (R RS IRS, [ 1o A
o g AVERIAE, FKox Hbsuninlil y, 5IETE I x RS HE A
o ATT()s v 553 R 00 B R UL B8 5
o VDL, Wy B U A B P
TR NI SN, EEE BRSO E § A TS AN — [ B &, TS B S RN ) ay AN [
AR, AT ARG 5 8 AN [F) I 20060 Y58 35 60 T S AN S 5 S5 G BTl . fC)a 5 A K d A2
%% (long-short term memory, LSTM)IX | ¥ 1if ¥£ ¥ 7 (gated recurrent unit, GRU), H:M &M K B2 % )2,
I HL 22 J2 190 265 48 K 1) 1 i B P 2 W % A S 35 PR 4R T2, 22 2 M 8 K S 3012, 199 4% (stacked long-short term
memory)d, i B i+1 BREFTHE AR T R
q!W:Leri(d—l’H—l=)47]) 7
X =N ®)
Q"R =LSTM, (1. R %) ©)
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Horh, LSTM; Al LSTMy. 20 IR R 25 0 A i+1 J2 LSTM, X,c Al h 23 IR 7R t I %1 LSTM; (3 312 5 O0IRES
AR,
B ARSI (O, yP)y0 L, R BUA G0 XE 7 58 S0 2 AT B AR I 6, 1 i i 458
(10) i 5.
LO) =3 S log P(y? | y2.x") (10)

p=lt=l
12 BE@E

55 GE T B B R o XU 1] 1 (1 4] 5% (hard-alignment) 56 FRAN[H], A 20 HL 2 B0 R BSR40 5 D WL
PEERE — Bl O 55 (soft-alignment) 75 325, DR M Hfle LUK B2 o AL A EAT A B SRR (894 Y 30 1oL 74 i 17 &2 W 277 ik
fipt i ek g S B I A i AR, R i 1) R T A 1A R AR R DR i R, T B P 2
 OTE AR 1w 1, JLBER ZE R I 1 .

P10 R B S R

JIANEE N EIRSE, ERIENTHEITEHARG)BHCN A (11).
g = ATT(t;,h,CV, ) =V, tanh(W,t;_, +U R +V,CV, ) an
Horp, Vo BRI, CVi oy R I ZIRTI5E 510 18 X % B 9 7 55 1) 42
ERE— SIS 5e % E, FIF GRU W48 5 REAN R TE 5 18 15 78 o 1n) & P AR 0 78 s ST 538, s ik
WA A2)F7R.
CV,=GRU(CV, j_,a;,hi,ti_,) (12)
13 BEMH
SCHR[1313E H T ROREE 5 A 7RI RE B 3 o 0 SO . &5 — MR OKY), B E = e X 1
6 P 5 U T H bR S IR A TE R I RE 2R, A X (13)FR.

Y|

coverage, =) a; (13)
j=1
FESFERE L, B BT YR A R ST RN EE S TS B, HEA WA RAH IR,
cs(X,Y) = %1ogmax(coverage)q B (14)
i=1

Horh, pRTHZEL BJn, FBERLTIN ) A R 5 T SO oG 0 B M A, R A 22 R SIS SHE NS
IR S A TR SRR . o E PR R B A L (15) TR,

score(X,Y)=a:logP(Y|X)+b-cs(X,Y) (15)
Horhr, TogP(YIX) 2 7 ABE R FHI () 4 A1F MR A2, a T b 2 I 147 4 1A 5 R0 7 2 20 B P 1 2 8

2 ZEEMARE

AR s 17 AN i o3 B e D SR R PR AR R I 5 R, (H AR AR R AR A g A D s
AT T AN A Wi LA i) B 1R 8 OO R BEAT A7 i A ST, ORI I i T 0 B T S 0 T A B R 5 7
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10 J5 5 LU B R QAT B0, IR 0 PR SR F T B0 45 Rk . P AR 7 i 2 A 0Bk 8 o5 1) B A A
(5 B G R B S, (HAEAI ] GRU W 4 JEAT SORTIN, ol T I ] (reset gate)2x 8 2572 Ll [y se £
KL JFH B (update gate) 2% 5 #8708 (B2 o £ 6L, DR W) R O BT i 5 BB K 0 A i > BUB AR R
IR, AL AT 52 HOE S B, DR T T i T AR B K /N B AN T 3] i (1) 7 e P

H TR AT RN 20 78 i i) B AN i 0 BB A A A R R AT B0, ol By R g o B g Ak
P, DR Y — ol AR T RO KR 4 A 0 2 B S R A R T o 1 RV 5 0 B A A R R IR =
VERE BN, AT AR AR R A3 R v i D B BC K 52 . 0 TR 12 20 BO5 I NTE R D HLAR, 25 3L T A
QR A B KA, MU i 1) A ot 2 B 1 U SO A R TR ORI -AT 2 p b 22 l  A
MR AHEZE A 2 P,

Decoder
State

Decoder

Source Input H Encoder ]—b‘ I::r:r l—)®—b‘ Context

B2 SRS IRl B R 45 1

Input

21 MR BENE

T T BN T R R RN 2B S R N EE S E N E ST, AEEEE AT XA Nz H
o ity (1 TR0 32 20 Ly, Yo, Y}, BB § I 25T 5 % (78 5 o B0 X 2 A R T E bR LYY )
SYETE S X (07 7 )RR 2 N Ak BfE, A (16) 7.

i
C§, =max[;aik,lj (16)

KL, BT R max () IFE A A LN AN T

(1) St 5 i) v 7 R P R B AT b

ERHRERLFE P, A7 7 5 LY 5 1 6 B 2 AN H AR B RS o0, DR, XSS EGE R ) B B A
TEAERT 1 IR RE, X AEAFAN [F) Y58 5 3l 30 2 ) (9 78 25 P B DA LA, R W iE 2 J5, 78 36 43 4 CS; Il
Y 5 AE[0,1)2 8], R4 %1 T 7 o 4 BB 18 TE & 0, A% B iRe B a6, i 55 2 50
T LA, LE S AT R, T gk g B R AR 1K T e

(2) fE St 5 AR RN E B ML

W U5V R I 2 o 4 SR S TR L0, L1 X TR P, B2 B T 0 28 77 2 i 380 9 5 SR U v 5 10 s 1
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