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T 77 2ok AR BGRR 1A 1, DAL G B D R

SR Chen 55 M BTt IOARAF 10 7E B0 BE o oA 2B B0 ) R M, SR T — 2R ARAF 1A AL B — 3k
SR —ANMRAZ T 55, DAL R 3 (R B A B R SOt 20 T, 3L T SCUR R A g 0 B 22 PR AR
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Figure 1 Dependency edge transfer rules. (a) Dependency tree and word alignment; (b) extracted dependency edge
transfer rules; (c) generalisation of transfer rules; (d) ambiguities of dependency edge transfer rules
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HR St R R AR A A e P RN . 38 IR A T e O R A PR A AL A D EL R iR . — 2t 1k
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p(etgt|esrc) = p(headtgt|esrc) X p(deptgt|esrc) X p(lrtgt|esrc) X p(cdtgt|esrc)- (1)
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Figure 2 Dependency edge transfer translation process. (a), (b) Analysis; (¢) transfer; (d)~(f) generation
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Figure 3 Dependency edge transfer rule encoder-decoder
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Figure 4 Source dependency edge encoder
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I Wiy wimy, Wit wige ABCKT R LT3 headeon. SRR R MUK BT SCiRE R
€headeon- kT RN SR PR 5 Sk R KR R B SR N @ B, e ARLRPEAR R, 19 2K 4R

=
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HAH, (EAZH )5 eaop LI L T SL IR eampeon WHLERR . LITARANEA R, 13
BRATH SO e

T2 = €dep S3) €depcon) hdep = g(’UJQiL'Q + b2)7

Horb, wy NIETASAL, by W E T
M FARicE R, MAE R 0/1 Mgt EE A, Hrb, X TRAEFRID deplabel, & SCBSRFIE

1, if label = deplabel,
fdeplabel =
0, otherwise.

XTI AR B ORR Irtag, & WURAFIE RN
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fleft/right = .
0, otherwise.

BN, R URAF 1 A2 PN AR S s B A T R B AR R L ) B A AL AT 7, 58 SO bR K

1, if dependentnodeisaninnernode,
finner/leaf =

0, otherwise.

MR 2oparse WEIRFEWRIFFEZRE TR hoparse = 9(W3Bsparse + b3), FeH ws NS, by
NREIL AR5, X 3 DMARPOERRERZE S S EITE s = Ruead © hdep  hsparse-

3.2 (RPN AN ARRDER

SR (S B R L s, ML BB VA A 57 2 BRI A E L. E BRI IIA 1 4 /T
ZIRR P, SRR, FAH I FIRER 4 A TE RSP, AL A (head,g)
T BEB AP A £ (depyg) MR, AT BRI () ISR EAFIE (cdyg) 7T ABLA
LA KIPFE.

5 PR B R OI8O R 730 A e 123 Tl 5 BT, 76 th B
) F 3 2 ORI, SR B BRSO 57, 5L RRB A0 5 i X 22, e
SRS PR ML 2 A O RN, BRI Sk 9 A A 4 R A B, T — .
M 1(b) M@ RI@rh, s AE LK 2 P09 FTRSTH AR AR 1 509 “a statement
of *, $E FURRM AT A ek 3 AN MUEEALAR. AU RIDI H BRI St U — Al F AR
OHAZ 4 S AE L AR B 1T, 0 PR/ OB 2 2% (RINN) AR B S 3 20 A 45 8.
ST G B S R, 11T AR e RUAE— A 40 K00 W, DR, SRR 2 o
HEATHIE.

bR S 15 R A4 5 AR B K — . LU iS5 S ROARRS A, T 5 oh R o 2 i
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Figure 5 Target dependency edge head node decoder
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BRI 385 1 ) =X 2 AT F0

Jir = g(wrg(wirss + birs) + bie),
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B, KR TARAF I AR RS 5 1K) 4 ADNALRFR 7). 7 SRR R T -

Jo = Jhead + Jdep + Jir + Jea,

HoH, Tneaa A2 F AR ST s A8 OB R R AL, Jaep A2 H ARG KA T mUARAD 25 BB R SR Jieaa AT
Jaep 1e2E AT REE R AN EESR 5K 01 &5 45 2% R 4
Jnead 1 Jaep A LRI EUBLER pR AL

Jhead = Z IOgy}?;a(y Jdep = Z IOgyge*pa
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HA, yie M yea R IEFRAIBER, yy A g REHHR P RAIBER.
X HLZE AT BB 5% AR T R AT 42 5 AN R85 0 W 7 78 5 2 1 ) 4 R bR IR P i K T ol R 4, A2
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XHZSEGIHEAT AL, XL, KRR B E Y 0, IXRRE — BAL BRI 1, B2 IER AR R
FLARHR MR R — 3 (10 0.51 b6 0.49), A fEASFRIE I VR 7 S A AL 3 A 15 IE AR AR5 B K. I 2RK
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4 fRES

FRRD R A A AR A 3 2 45 0 ) ¢ AP R 85 R 1 i A Y 398 360 1 ) b R R BB 0. ELAR T
T, ON T ZA D ARG gs, TEAKAT S e Bl R Hh B N — AT . K — > B An K A7 A 7E
PRAF A2 5 00 2 B ) 285 25 HH PRI R 2R A DR AGE, NN B R RS AE 22

TERGIN T B RRAE J5 , MRATI0 5 T B PR A AR o P G B 2 ik 1240 MEZR, 4R H brom (R34 i i R AL A
EAE 13 ML

(1) A0AF 1203 4 R 2R ) 40 T ) R i) 3R 2 A 2

(2) ARAF-122 %% 0 0 30 L I £ o) A0 [ ) VAR B

(3) EHAKAE TR fixed FEIE F BERIRT RIS (R BN R

(4) PEHARAT TH fixed B TE F BEIHT [R) A ) 1)V Ak BRI A 2

(5) AT 120 %% 45 M R DO R0 i A4 fixced 81 145 110000 0 50 B 5

(6) K2 ) (1040 A7 320 2 45 0 28 LI

(7) B Aw R AN EUE

(8) i & ALY,

(9) e 4 BHIE I (%) B bty (A7 20 S AT VR o A A7 32 R AE 6.

SV 1 SR AF AL B 0 3 0 4 T AR ) 85 AR B o PR S REREAT T U BH. AR, 45 — 4R UR
i PRI AR AF120, PR 25 4 R i 4K A7 120 308 T AR A7 120 % 0 R R O 43¢ S5 280 I A, 8 i ) R AR A2 Bt 49
G tS s 38, T BN AT A 264 T 1), B — 2R 050 H AR A7 R 2. B, KR ok

BOE 1 AERNREARATD I P ARAF 120 0 R P i B AR A 8 1 B L b AR A I

Require:
VRS ARAE B 5 AT ng
WAL LB FERNES R;
WA 1 3 BB N G R RS 4% D
Ensure:
FE R n AEERAT I, BT VRS AR AL R B B bR AR AR L R SRS P
1: if n AN2M T 5 then
HIIPUZ T 15 H A AR R AR IL SR & E,
for e € E do
FH R, ¥ e $0H3RMRIL B Arsm kA LS Fy
¥ e FNE D
£ D W, T PR sk B AR KA L R p;
¥ p BNES P,

end for

e AN R o

9: return P
10: end if
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SCH B E PN MR A RN E AU BLEU-4 A2, MERT i TEF R LIRS HAE, DK
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I ZRS B In 7.5 M. AESCER 2640 T, UIIZRIN [A) 20 75 2 — .

5.1 R%

K TR T FIE I RS Moses 28] CRABRGAIECE) 1ENFEL KRG FETARAF LRI
PR BE 28 28 G AT NN T A0 A7 320 5% 45 0 DU s D A2 0 85 P A 78 SR PR () OS2 56 156 B . beam FORRIME . K/
IR I 4y 35 A 1073, 100 T 100.

5.2 SLInEE

F1ERT 3 MNA% BLEU 4. 24k 24t DEBT () BLEU & T IT U ()3 T-503E 1K 24 Moses.
TE R FAR A 10 5 0 W i RS A 2 AF N Bh G, REEMERETE MT03, MT04 A1 MT05 ik 4 - BLEU
A AERTE T 1.23, 1.5 FA 1.4, X R, (A7 349 0 00 2 D A ) 25 7 AR D ) 1060 35 IO AR R 88 A A0
(13 F2 R e B R DT E 1 H b (19320, DASCELRE 3L RE (A R Tt

2) ftp://jaguar.ncsl.nist.gov/mt/resources/mteval-v11b.pl.
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% 1 BLEU-4 %% (%) £ NIST MT03~05 lifg F ~»
Table 1 BLEU-4 scores (%) on NIST MT03~05 )

System MTO03 MT04 MTO05 Average
Moses 32.30 33.43 31.44 32.39
DEBT 32.57 35.06 31.36 32.99
+DETED 33.8* 36.58% 32.76* 34.38

a) “Moses” and “DEBT” are baseline systems.

b) “*” denotes the performance is significantly better than baseline system (p < 0.01).

#* 2 TEEHRTH BLEU-4 58 (%)
Table 2 BLEU-4 scores (%) of different components

System MTO03 MT04 MTO05 Average
DEBT 32.57 35.06 31.36 32.99
+headigt 33.52 36.35 31.67 33.85
+depygy 33.43 35.81 31.40 33.55
+lregt 33.30 36.32 32.10 33.91
+cdigt 33.41 36.50 32.39 34.10
+DETED 33.80 36.58 32.76 34.38

5.3 RNEHERITMEEERFHHIFNE

HbRsm B RAF A0 4 ARGy, BISKTT 5L (headsgs) s MATTTRL (depygy) s ZEARIIALER R (Irig;)
AARREAAA B WTELAL B IR R (cdige). BIDR HARIARAS D AT TR AR AL KR T R — A
BB, SR S MEETHERE RN, LT mOaB1, D8 1 i Sk sl isem, X (1) gz sion

p(etgt‘esrc) = p(headtgt|esrc); (2)

HAIRAOUVPAL 45 78 Wi om AR A7 AL I b Sk 19 s ORE. BRI, Awdin A7 14 ORE S 45E SOh H bk
TRAOREAR. SR, LA 3 MEEHURHERERIRIR. R 2 R T & MR AGRZI. +head,y, NP
fili F b3 Sk s AOBER, +depy g, AP HARSGRAE T R, +lre O H ARG k47 R 51K
A7 R AL BRI IR, +odige ACPPA AR Sk 0 5 1A S 7 2B A W 807 B G A 1R
.M +DETED MR (1) W, 4 AMEER R 05 H Fri A7 12 1.

IR ARG, B AR T, e A AR RISETE. W LR B, RPN B R
A7 IR (33.91 A1 34.10 BLEU), HAR IS &5 TR A H xS 15 x50 H AR S AR A7 19 mUBESR (33.85
A 33.55 BLEU). {H 4 MR A FII, PEREFETH I 2 v MR A P I 28R JRATTIA
N, IXFEE 4 AMEBAENE I 4 AT TR RN X3k H AR AR A7 32 M DA, TRLTTD H R RS AR RCR 3
T B2 5 25 AR R Y (2R

5.4 ETFXEOKNEIFN

e3P, SR BT B R SUE BAE 2 KRR RE IR T A 4 U 4 D A 2% R M RE. AN
R 3 AR, BESCAAEMT LR SCE B, ARAF 5 o g 85 e b 2 U5 BE A — s F2 B UG PERESRTT
(¥9MH: 33.99 Fb 32.99). IXAEARKRESE b F 4N i A A B 45 (A2 AL BE T T R0, AEMRASI, 875
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% 3 BLEU-4 ¥ (%) 7£ NIST MT03~05 JUiX%E b, RETER L TXIEHRBAN OV
Table 3 BLEU-4 scores (%) on NIST MT03~05 test set, with different contexts as input 94

System MTO03 MT04 MTO05 Average
DEBT 32.57 35.06 31.36 32.99
+nocon 33.56 36.06 32.37 33.99
+conl 33.80 36.58 32.76 34.38
+con2 33.73 36.52 32.45 34.23
+con3 33.94 36.24 32.49 34.22

¢) “noncon” denotes none context as input.

d) “conl, con2, con3” denotes the context window is of size 1, 2, 3, respectively.

& 4 fR1S NIST MTO03 ik &ERIETE]
Table 4 Decoding time cost on NIST MT03

System Decoding time cost (s) Diff
Moses 1081.71 -
DEBT 1090.89 -
+DETED 1297.83 +18.97%

iR A 20 2 R RO AR R ) ) A, L S AE S R T A 2158 2 VU RC )P K 4794 DEBT @ id
A5 FH T B B 2 I A0 5 B RAF S S UM R BEAT B0 T2 AL AR AFIL, Sk i B A1
POZ M RRAL B, 1Kt — D HI 59 1 B iR R SCULECRE 77, ELOSBH LI FO e 08 0 M 58 AT R
77 TH], BRI PR B AR 3 ARV A B B R 2 T AR R AR it ke 2 =) IR i E B e M i,
MR A BT B R 9 AN W P Bl T UG T . T WA A2 e R ) i R e 2% e R P e 22 I 2% £
] B SRR IR R, ] ) A B A — 58 (SR RAAR AU 4, JLZ AL RE 70 S o, [T RE % 22 % 1A
R LU At s L AR MR 3 0 T 22 K ) L

RN B SCHIENCAE N, £E BTN SCE PR/ 1 I, PEREAS B T I IR T, X R
TAEAREEE Dy B SCE B R BB SR, S BRSO E FOTRIE R — A, BT SCE FORANA N 2
A3, VERERIMBCA BE— DT, fE— R L, R—J7 iR 7 LTI ER (R 2 I Sk sk
71 R B B 22 A PSR ) o B RN G R A A, 53— T T AR R SUE B AN R R
R PERe st — € MR, ESEgnd, BRSCE Y 1, ST S AMRAE T R A IS 1 AN I R e
Sz elply 7. M H, ERR B R Dt ERE TR R RN, &0 1T SACO AR X

Buh—18,

5.5 X HERDIR RIS

A 20 45 T A U e L g P 45 0 FH R EE P 22 I 2 AT A8 B8, AR A e o o R o B B PO 8 e
PRI A — 8 B sem, (HIXFREmA 2 K08 ? 38 4 XA F R R e RS I 1T A T — IR 56
PERI 7T, NFR 4 TR B, ARAFIL e BB AR B AR FE 5 Moses FH25. 7E3GIN T A ARG, AHEL
THRLEERGE, FEROOEIN T 18.97%. e, 75 LI, 1018 b O 48 AR ik fr) AT A7 0 2 4 0 1
R AR A AT 22 A7, S0 1B > AR AT
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6 FfXIE

Schwenk 21 £ Hy 77— AN i 453 e 42 0 268 6H 05 s 1) H A o 1R85 15 BOdEAT4T 4. Devlin 45 191 i1
FI 7 —ANHT e e W 2%, BF T H bR R 1 — AN, Auli 55 171 F1 Cho 45 181 JUME A RNN 4fd
fRAG 28 45 1), #27’@%/@%2@ H# 8. Kalchbrenner 25 201 #7244 g F 41 n-gram PR R it 2%
A—MEH A E) CGM 5 RNN PEJ9ffid . X SR #85GyT 5 15 B3 )+ 2 T R A, A fi ] (A
BB . SN TRBRAR LG, FRATIN ST 5 T 0035 BRI BRI (1) o 2 =)

Xiong & BU 42 H 7 SRR T TR0 P AN & IR BB SR B R P R &R, 5 Xiong 5§ B
FAh, Nguyen 55 B2 $2H T F T2 0CGEIE R P ROBAL Li 55 05160 505 T B T46-5 7% 8%
(inversion transduction grammar) F13E T 5618 KN PR TP Y28 8 e AR 0. FRATTAAR R 2 B0 — 4%
WAL P B SR T SRR A TL R TR B G R AR X AL B G R, RN GE SN A 25
FHAR.

7 g

ARSI T — A>3 T4 W 48 A WA 00 e 0 1 U i oD g i, PR T 1 o A A e B R A Y
OB AL UL BE RE 0. 52t A5 P i e 92 R 285 00 5 ), R D T U5 42 P 2% 1 Dy v G 285, 050 R A A
Lo BN SCORBS ARG TR R, IR M R 2 S H A A MR A . AR — TR FH P A A
e, SRR EH N RS (H AR Sk SN H AR ARAE S AR, S — T R AL B R AR (H bei
ST R AR AL B R AR DL TSR A B R AR ) BEAT 2 RPN, SRR e e 2 D g 25 ), 3
TARAF L 4 BH VR () HE AR TR T T P34 1.39 /> BLEU. Bb4b, 20 # 17 A FIREHO P R 52 T IR s,
R TR SRR E, DR TR E g IR rT I PERESR T
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Abstract In existing statistical machine translation models, especially syntax-based models, there has always
been a trade-off between the amount of information a translation unit preserves and its ability to generalize
when translating new sentences. Neural networks have been successfully employed in reordering and end-to-end
machine translation problems. In this paper, we propose a novel syntactic translation rule encoder-decoder based
on neural networks. It is a dependency edge transfer rule encoder-decoder (DETED) that leverages the source
side of a transfer rule and local context as input, and outputs the target side of that in order to learn the source-
to-target matching of the dependency edge transfer rules. It shares not only the benefit of dependency edge,
which is the most relaxed syntactic constraint, in order to ensure its generalization ability, but also the local
context as additional information in order to improve its matching ability. The structure of the encoder-decoder
is quite concise. With the source side of a translation rule as the input, it decodes the corresponding target side
of the translation rule, and makes it clear the positional relation of the dependency edge. The generator is used
to re-score the transfer rules when decoding. Experiments on three NIST test sets are presented. The results
indicate a significant performance improvement with an average BLEU score of 1.39 above the baseline value.

Keywords dependency, transfer, machine translation, neural network, encoder, decoder
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