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1 BEEARNTH/EENBFRBENEERER. BYF 2 TRREE, ¢ # y 2R REAFHERAGF
Figure 1 Graphical model for latent variable constrained variational neural machine translation. We use symbols z, x
and y to denote the latent variable, source sentence and target sentence, respectively
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(a) Variational neural encoder (b) Variational neural inferer
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Figure 2 Overall architecture for latent variable constrained variational neural machine translation
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Figure 3 (Color online) Convergence of VNMT
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Figure 4 The model that integrates word-level SMT constraints into NMT
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Figure 5 The model that integrates phrase-level SMT constraints into NMT
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® 1 HERGAFRHASE NIST08 ELRMBESLIT

Table 1 Numbers of content words in NIST08 test set generated by the baseline system and the proposed system
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RNNSearch 13230 11007
+SMTrec/gate 12665 11172
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FoR, FRERRZE PP SR B EER TR P S B, XA 3R] wi, 9 TR BB Z MRS A&, 7T BLfR
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NP1 \AY% NP2

Input: dongjing zhéngjiaosuo pizhiin xinshéng yinhang shénqing shangshi an
Output: tokoyo stock exchange approves new listing bank

Reference: tokyo exchange approves shinsei bank 's application for listing

@

NP
Input: tamen laizi lit gé jiating , qizhdng liang gé niihai méiydu fumii .
Output: they came from six families with two girls and two girls .

Reference: they came from six families and two gitls are without parents .
(b)
El 6 MENRBIFERRG

Figure 6 Examples of NMT translation. An example of (a) discontinuous translation, (b) over translation

wo ré'ai zUuguo P
g W, W3 —
NP VP
(a) | — T
PN vV NP
I I I
wo ré'ai NR

IP NP PN VP VV NP NR |
Ll Lol g I zligud
© (b)

B 7 RumAlF <3 /E HE” iaF5

Figure 7 An example of a source sentence. (a) Word sequence; (b) its syntactic parse tree; (c) its syntactic label sequence

AR T w; HIREFRICAERRNERR S P P RIALE, HHE A R ROR B R 1R w, FIZHL
FonFE. B, £E 7 5, PSR w SREARREE I 13 FIRRL, Wt U, T B S F
(K 1 ORI AN w ETHE RRORITE; KO, we 5 15, ws 5 I ARRHIKR.

5.2 IRimAIAGLRMDIREY

Yl 7 B R R SRR NEAR ST B, DLSR AN 7 31 22 ] (R0 06 2R, st B 8% 1] 77 41 Hh
| ﬂfﬁiﬂbﬁ’] ERAE BRI, AR T 3 FOAS R g Sk i F A 45 Mk 15 B iRIE 1 7
Y 5 0NFEARZE T B G 77 sG], KU IX 3 FPORIEFR 4T RNNL 2K RNN FIVEA RNN.
Kl 8¢5 T °F4T RNN Zwfid e nm . Z4nfidas @ X T WA~ RNN, 43 A2 46 16 741 1938 RNN
RS A IEAR S 7 B AV FRZE RNN, PN RNN 2 A2 FAT R & — B A FF 40 A 1 4 B
WRRR & AENRZE TS T AN SRS R R W B S, PHEFANE SRS &, 15
FHT 6 ) = %ﬁé’]i%rﬁimﬁﬁﬁ%fi SRR RE. W 8 Fis, W B MRAERRHEN
[hw; Iwo; ilg; s, FEFRRTRTI [lwa; hwa) A3 <3 (IR, SR A [hly; ) AAEV VI &
TR,
Bl o 25 72X RNN Zafidain = Bl xgmias FREE LT PN RNN, HBEE Z [ BFEIRRAR.
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hw, hw, hw, hw, hw, hw,
hw, hw, hw;, hw, hw, hw,

hl, hl, hl, [ [ {

— — — Word RNN ew ew ew
hl, hl, hl, ! 2 ;
. @ " ®  ©® ®

wO ré'ai zugud
hw, (—hw, |~ hw; hll»'- ] b

R o o O, By ey
wo réai zigué || IP NP PN VP VV NP NR Syntactic label |y " L7 (T T T
1 7

Word RNN i RNN
ord Syntactic label RNN P NP PN VV VB NP NR
B8 F4T RNN 455 &9 BEX RNN 4R35
Figure 8 Parallel RNN encoder Figure 9 Hierarchical RNN encoder
— — — P — —| h,

—
7 o

VP  VBP re¢'ai NP  NNS  ziguo

10 B4 RNN 453
Figure 10 Mixed RNN encoder

I, % P8 BRI KB TR A1, B 0 RS RNN B TR, A hass
2 SUEBIE R S, A4 551 91 chox 7 26370 70 60 BB, SR FELHEAT A0 0 B ) RN 223,
BE AR, W 9 FR, W VV 2SI BIRR AR [ ) S 4B IR ews
BEBEJE, MR 4327 7537 RNN F A

&l 10 4t T 174 RNN 0 28r i 8. 5aimiE R IR, a5 14— RNN, JF Hi% RNN
ey N ph D) A TR LRI — PR . Tt R, 0 9 S A 5 ) 42
PRI R, TE XA FH T, A A H SRR, W8 10 FoR, BARRE RNN 454
It AR S B AT R R, (UG RIRZR (o, hal, [ b, g, dno)) FIT
fithi.

FATLE NIST B — Tl A _Ext B L 3 Fhilism mVR 20 R 5 i30T 1 IERE LR, Jhdk R G Sk
TUEEHLHI AP SY RNNSearch. SEIRS5 R, BN A)VEAE B 3 Mhéfid ds A RE 18 =
PLEEHPEROTERE, MEREVT BT, W& RNN BUHAR PN VEE ] 5, (HAVE A &%, H IR 2777
(3 Fp 91 5 R VERR 25 PP A1 ROARS S B A P E O 8. AN IR N B SC Hr R W TR & RNN RRL A
RE 3 = 44 Al A T SN B L g, AR SO I B (over-translation) [H#. 3R 2 25 H T LR L
Y LA (IR SRR . AELLEIRE, USCRBIIRMGiitas R, 8 2 L 45 Rk S WRAE ACL 2017
bR R AR B
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% 2 A& ERWRIEESENE . TESEIF, UKKREIFNILS (%). HEd PP ANIARIE, NP A&BIFEE,
CP AMNAIEIFRIEIE, QP AEIRAEIE

Table 2 Percentages (%) of syntactic phrases in our test sets being translated continuously, discontinuously, or not being
translated. Here PP is for prepositional phrase, NP for noun phrase, CP for clause headed by a complementizer, and QP
for quainter phrase

System XpP Continuously Discontinuously Untranslated

PP 57.3 33.6 9.1
NP 59.8 25.5 14.7

RNNSearch Cp 47.3 44.6 8.1
QP 54.0 22.2 23.8

ALL 58.1 27.1 14.8

PP 63.3 27.5 9.2

NP 63.1 23.1 13.8

Mixed RNN Cp 54.5 36.6 8.9
QP 56.2 19.7 24.1

ALL 60.4 25.0 14.6

6 RBEESREXIE

RILRGND T IEF RN ERE T LR eh Z LA B RE 7 T TAE. Z0E BaF5E el sk
HRE HERES ARG S G- HLas B BB 2 2 gt 10 20 U5 B DLRJRE 5 AE g M ZRE B,
XL BB U R T T AP LB B RS R (O PE R U RUB MR T A SN LA B B — L8 [ )
L AR R

H AT DAE IR X 4% RNN SEA KGR ST gnfidas — R0 2SpLas Bl iRHELS (FIMMELY) MR
PISRAFAEAR K L FE 22 10). HESZMESE M e 4k 4L LT+ K =T Bk B WA 7 1. — 7 T2 B A A
T B SR At SRS ME, X T DUE I A 2 I 2505 30 O RS 28 R AL R S ok
SEIL, BT Gt HLAs Bl R A AR R T HR N R AT BRI R AR, T — T T I SR ML AR R
PR 4 T 245 B AR BE ), X IE R TR B 70 R TEAP ML 3 h BN E 2 1015 B
HURL BRETRZR THEE R, KRB — PR EE NEE. A FHNREEEE, RIS SRR it
FERIR R

HATHET RNN FIgmtD ey — MRS a8 o L30T e S AR B A2 A TPk, G i 44 21 1 [ ) A
PAKHE LATE GPU b SBL s B IRAT 40 2. (R 28 AL 85 0 1B HE 22 A I 9000 4K B 75 B BRoR R 22 11 961
W BRI M2 ONN, BiE T self-attention TGP EUAC RNN A AL a8 BHEHE 2255 (1)
FEAKE GRAR L 145:46] - FEIXTTTH, AR TAEBE AL RN B AR @A — D 5, i) dmid s . M
o2 EnE 7 IR R,

A, WAL AR ZIRT T SRR, 1 H MRS T LSRR R R, NGt iles
BIRE R LA B PR AR 1T AR 1E R LA R0 70 7 58 i) — IR K E AR AR . SR A L%
HE Tt VR B A ST IR, T KR PAT IR ISR, IO0 B IRRR B E S X, WpUE - X iEE (X NBREIL
KABFNZ AN IARIE F) HLASBHIEA A T AR ORPR R, B A7 75 T i A 25 2 1 ) SE 10 (a3 [E =
Bii gt 5 it R R DARPA % Bh() LORELEL vF&l: 1 7] 58 & S B SRR 15 5 U H ), AR R
KA T2 1 7] PUE I B IR R BUE E HL A B TAETF .
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Neural machine translation with constraints
Deyi XIONG!™, Junhui LI', Xing WANG! & Biao ZHANG?

1. School of Computer Science and Technology, Soochow University, Suzhou 215006, China;
2. Software School, Xiamen University, Xiamen 361005, China
* Corresponding author. E-mail: dyxiong@suda.edu.cn

Abstract Neural machine translation (NMT), powered by deep learning, is an emerging machine translation
paradigm that has been advancing rapidly in recent years. It has become mainstream technology in both academia
and industry of machine translation. This paper provides an overview of our research work on NMT. It particularly
focuses on a series of NMT models proposed for considering a variety of useful information and knowledge
constraints, which include variational NMT with constraints of latent variables, NMT advised by statistical
machine translation, and NMT with syntactical constraints from the source language. In addition to this overview,
this paper presents an outlook of the future trends in NMT.

Keywords neural machine translation, variational neural machine translation, fusion of neural and statistical
machine translation, neural machine translation with syntactical constraints
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