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Abstract

The extraction of Chinese-Vietnamese parallel sentence pairs is an important method
to alleviate the scarcity of Chinese-Vietnamese parallel corpus data. Parallel sentence
pair extraction can be converted into sentence similarity classification task in the same
semantic space, the core of which is to achieve bilingual semantic space alignment.
The traditional semantic space alignment method relies on large-scale bilingual parallel
corpus, and it is relatively difficult for Vietnamese to obtain large-scale parallel corpus
as a low-resource language. To address this problem, this paper proposes a bilingual
dictionary for cross-lingual bilingual pre-training and Bi-LSTM (Bi-directional Long
Short-Term Memory) Chinese-Vietnamese parallel sentence pair extraction method.
Only a large number of Chinese-Vietnamese monolingual and a Chinese-Vietnamese
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seed dictionary are required for pre-training. By using the Chinese-Vietnamese seed
dictionary to map the Chinese-Vietnamese bilingual to the common semantic space for
word alignment.Then, Bi-LSTM and CNN (Convolutional Neural Networks) are used
to extract the global and local features of sentences to maximize the semantic relevance
between Chinese-Vietnamese sentence pairs. Experimental results show that the model
in this paper improves F1 score by 7.1%, which is better than the baseline model.

Keywords: Chinese-English-Burmese , Low Resource Language , Multilingual
Neural Machine Translation , Joint training , Semantic space mapping , Shared
parameters

1 58§

AT R R LA ST R T AL AR B AR RE R X B o 7R RMBE R L s Bl = a0
- E N AR 8 D SRR IF IS R - T IGBIR R IRE SRR 2 2 10 F17h)
%F, TS -EALaEE R E - AN LT KRR & & P B e EREN 7 77, @
1 K& SO 5T & AT (] — Bt ] PR 4 3 BR3[BT B B[R] — 4544 O 9 DUER AR5 K & B AT L
TR, AT BRI AT A 2 B IE R R E A Z — AR SCH) B B9S2 N DGEAT
TE RGBS AT A4 -

B HISOE AT AR R AR ERT LAy R AR E R HISE R ST HLAR BRI A
W75 B0 1 7715 N AT LGB R A Sl B AT A 2 LB R - FEGUTE LA BHIE T, Rauf%
A(Rauf and Schwenk, 2011)f)77 %2R BAniE S #IERIRIE S, FHABESEBRREREAMN
Al IR P BCEAT AN, &% T ouitHles B RPERE, e A LEsBE T, (Marie and
Fujita, 2017; Choudhary et al., 2018)$&H T 2T 1A AZE AT B iE 1B RLZE H i ECF 47 /5%
A T AN AR EERIMERE o Utiyama®® A (Masao Utiyama, 2013)&0d BIRILESEIIE, & SEHRF
H 15 6] TR Bin-best TIEF 3, FEHRIEFECENESDOE, WES B FATERE . X&)
VEHR 2 SO B AT AN RIE T LA B MR RE . (B 7R B AR B AL M BE LU T AR Al
A REREAT -

HIRAEETHRHME T JTH, (Chuang et al., 2004; Espafia-Bonet et al., 2017; Luong et al.,
2015)3E Hi T 7ERGE A 805 B RO B R45 6 TR S8/ 5 80T E BANANLAS B R RGE A7 SO
FFEITIE; Gale¥$ A (Gale and Church, 1991)/M48 T —ME T FA/F K RIS RAR 57 P47 3
RPRAFRITTE, RA—ME S e TR —MIES A FZRPKEN MK R - Pengs
A(Peng et al., 2010)#&H T —FhFast-Champollion@] FXf 5 Hi%E, B4E T E T KEMETIA
B R, R A BONGE SCAR 4 # Al N R TR FF B AR, R AFRF T RAER o Ann §
A(Masao Utiyama, 2013)ETHE EIE RS, HIRIEEHIEMR EMESBEELEAF, RE
S g ) FRETIT A HET . ARG FATA]F - Chufs A (Chu et al., 2016) XS 55 1L E HiE
i RR AR BTE FTRER A5, o IE AN R SR A TR, R R AT REILEL A A) T
xf, e RO EFTaXNIIZGRr RS, DINEEE FiRAFAT A% o Tillmann® A (Tillmann
and Xu, 2009) 3 7 —FH T AT AR AET AT R TE, BEEEAE A TRAIN R E Rk
AT AT VRS o 8T — R IRIE ) e BRG] T 00! RS EL » B33 L8 7 V&8 B AR T K
BHS5ESHERFFESNR, BRUERA T HBCPHT AN BERNE, B2 BT a0 Rt
&, TCIEBUS ST BIRCR -

IRIGTEETIRES>] M, Francis Gregoire %/\(Grégoire and Langlais, 2017)%&%%3&
]38 VAR EE R & R TS & A HVRIE S 2 B TR, RG220 53 R X 4R A) FFifgik B An )
T F4T; Munteanu® A (Munteanu and Marcu, 2005)$2 Hi — A1 5 KR 7 228 AR & 7]
HER AT AT BT, BRI T IR RS - Grover % A (Grover and Mitra,
2017) YIEGREETE DURBON TR BIa RN, S8 72 R ) 1 BR[O AR B R, S
HZM L (CNN) RFA)F4r 2K - Bouamor&s A (Bouamor and Sajjad, 2018)i@ 1 R £ 18 5 A F2;
TN, FEEHENL g B B 2 REC AR B TR, R RIKE-FIEE R E T B AT AT
X o B el it WOE 4 A1 2R R 2 ST BN R — BV AR AR LE [ 2 R B B Rk
BT . e, ERMEAL S B RO 0 RAR B R B R . EATTHER RN K
[ 22 S T B AT BB R AT AHE B A 7RI Zhod B i FJE R EXNGE AT A% -
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RIEERAFHLIEITHERTE, (Cheon and Youngjoong, 2017; Azpeitia et al., 2018)#& H
T MR R E BRI D ECAE A 1 2Z B BT R LB T AT B AR A 7R 5V, N
H RSB FEIE Z B H AT IERZE - Alberto % A (Barrén-Cedefo et al., 2015)3# i 57 5% 1
BESEBRR PR ER TR EA) TR Z B AR RIE, TR 57k B 485 5 RO E T
AOFHAT SO o XTI N A TR TE SRR, AL S R & AP A7 7R (A AR ox
BREEMES (WlaxEI%E) | BEREFEES (iGE-#8rEE) LrtkeRE, HA
FHECH AR ) 7 IR S K

PA_E T IEAE T Shodt A8 2 R M R & RIXGE AT AR SE , BDGEIB RS 18 #R2& M5L
IR AWTE S HOGERGENGEGEMBE - 8 K& 8 SR & I [R] — B (8] A 0@ BT 5] 2L
B A — 250 i 9 TR BEAR IS K& A AT HLIERE, DR AnAR] DGR AT B 7B de} 22 PRS- A7 A B
BEER L BRI DGBONTE AT AR BOM A5 2 DB BTG A TR B 5, 456 -8
TH#%E, X Francis Gregoire 5 A (Grégoire and Langlais, 2018) FllArtetxe% A (Artetxe et al.,
2016; Artetxe et al., 2017; Artetxe et al., 2018)EBABE 4, #|_’H T —METEIE S ICEEAIZR
K Bi-LSTM - AT AR BOT ¥%, ADGBEAT FE 5 R R DR AT )0, SRR THR BT TR
B S VLA B ROERE o« H 32 B BAR R AR DOBONGE T 5 K5 DGBOIGE 7] 7 R 2] 2 235 L =5[]
N R VR T A R NDGBOSCE A R S (R R BRI AN 9 DOBOB I )8 SORE 5%
PE o FEARITTER N R DO RS IEMMES . BT IOEEIBEIERE A TFEEESE,
PR 1t % R A 24 R S P i BB ) D B T R D MU RO B B R I B — R
L BLIZRETE AT RE -

2 ETFN-BIGETIZE K Bi-LSTM 47 A7 X Hil B 7

BExt ESCEER, R N TIGEOGE T4 L Bi- LSTM AT AT B T 12, BRIEAY
R RMENRTR - MR EZES =180« B0 2 & TI-IGETNGR, %559
5& HBi-LSTMAICNNZH Al 17 -8 7] FHF R R G 7 i 4w tdas, 58 =80 0 i3 B T -8k
PATFIEIAE AT A A 2

H5E, R DOE-MR 1B B 1B F ONOE TR ) O BRI 2 A T S B AT PO SR, (A5
TE-1ER B W AR SRR IR S A R L, BE SR POE A R BB U B AR e - x =
(21,2, o, Ty) AT APIDOERIT, v = (y1,y2, ..., Yn) Fo/~F1 N B8 RE 1B HLI7 o 7EX
RN, PR 17 B 7R RE RBP4 38 BHE LT BT LSS BLAE OB 5E — 25 (8] 18 L%
57, FELLE 2SI 17 FOE A HE AR AUHT R B o R B -7 ] Bk 25 ST IR 78 5 /5 THI Bi-
LSTMAICNNLE A i LA B T8 — i o Rrll 4RI /Y10l [a] & 51 ABi-LSTME IR B 1A Hij f5
5 EAFE, I CNNRIRBIOE A F 552 08 SURFE - 55 X P0E A FAI# R 7 7] F 3 17 %%
T, BT R RMITT R YN ERF TR &R Z 5 HERE N PGB a & A
FPATE AR P R E LA B,

3 DS EE I A = I SR

3.1 A EEBIG S

TE R o, R BOIE B AT W SE I 2R B 5 ¥ WiMikolov&E A (Mikolov et al.,
2013) FJword2vec(CBOW /Skip-grim )11 4k 5 78 AR LIYE BOTR#R A A & - £ BBk E##fT
MR, FEFE SRR ASEREE S E M AR . AEDGEFBEG 1S [r) & RAE T
IR o RGE TR AN PR RS S B IR BRI A HAE U 8], A 2R1E U [A a4 A
RN Z A BE B RS 7o — RE AR LUK F o X AT DAPRIEAE BB SO IE O NI bR B A 1
FHIFTE SCA TR AR A $o 3 S (B A BE BS AR H 0, (BN TR N Y 2 ) B ARE T AL ST 18
FE, XX T HRIEMBENE SN (DOE-8EETE) LIRS -

FATEEDGBR S E = 1A [ & TIZR 3 B T — M B3I JTHE - T ERM A TR F R4S
FFERINE, 456 5T DOE-BE M TR MBS BOR . FER T DOE-B R B XGE SRR 7K -
% B 2> T EREZRSE N DOB AR T 7R & B R BB B RLE DT Mgk, Mt 2s
R B/ IMA DGRBS TR 45 A 14 B B AT RS DO - R B 1518 5 RS R (Rl — 38 L= Al - i R Bk
FUBONOE TA BEAT IR, B0 DO R 7B M LUR B IASR B 538 5 TN 25 R R BNGE ]
ST SR> BB N AR IR S 3@ s AN ok AR B R O TR SR ST B RERE, HE
WBk - TREETE B AGE TR A T 2R BAR R T 40 N B2 7w
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3.2 1A EFYIGRAIEA SR

BTG, PR — D DUB AN 1 R B R AR () S R], POE BRI GRS 2 B3 i A JE
FEX, B EER R INRRITA I ATEREZ « FAPT 5 HFRoR oy — D T HIFERED - Dy = 16T
TR TG B BRLE DOE 550 BR BRI - INR IR FEREW A DGE A [ B
LR 15 A [ B AR AE R — A TR A W], SRR DOE R B X W S B R BT RN Z;, Z R RR
JURTERRR AP T 08N, BRSFHERE

W* = argmin S Dy || Xp W — Zj|? (1)
W . .

L

Hr ) Fiab B ESHAR AFERMEX FZ# T K E T — P E Y, e HE T —R)a—
b3, FBEWAENELFEMERIWWT = WITW = I, DAERHIHATIOE IR iE 0 BiE A ED
P, Bk SRR AR, [RIES AT DAPS AR B O B POE -8 R 18 B TR R S OB R o ZESX PR IEAD
AR, &/ MEF UL B S T /o R SR, I RS FERE A 8 NI A
=X (2) FiR:

W* = argmaz Tr(XWzT DT) (2
W

~—

He, Tr()BrENAL ERTETTRZM, W =UVISEH 7RI REEZRE, H
HXTDZ = U VIEXTDZWT FESE - BT FHIEEDREMRHR, X7 LU Rt 21T
S [A] A0 7 i 5 HEGAAT T 3

RS TIXADBSHFEREW 2 5, W T AR — D BOE R R 89, W] LURTEBRS S /Y
23 (A RSLAR LB AR AT IR 57 « FEBGIARIRR A, NENIRIE S B0 E T BiRE S &l
ABRIE], Bl TR B AOTRIE 5 AR B PREF A Z RIR SR ERUE R R - &F, #d xR
EWHELFEREXW ZTH AT ARNARIT R, RENZAEMERRRE, WAL B -

N wxz;
cosgic(WTs, 2j) = Liz1 WTi% (3)

T wm2 T ()2

4 HETFTBIi-LSTMHAICNNAE Y 25 6] 4w

HTLSTMER T4 % 8 T B B 337 2 (A ORI 36 (R 8 T 380 I 2 2 BT
BE . [RIRFCNNER AT LIS E B HO2E A R U O 2 R (LR (P LS MU 1] 2
DS B, DR AE7E XA B S 2% 5] B35 WS AR A, TBi-LSTMAT L% f2 837
S TG < T I CONNARFA I & 7 Bi-LSTM A H LUR T T 2 88 WIS GE . T 2B 1
SR, SRS I R Bi- LSTMAICNNHE B i — A A RIS ¥ 70, RO RIS @71 B 474
B 54 BT ) BT B A REREY, € ROV IS A B3 EL P g B N ] B ARV
B AR A . BN, ERICEY, PR kR S TR R E R
HFone-hotFlEw? € 0,1V] Fone-hot B 51AHAZIEES" € RVexd gk, DARIEZHRICH
s R Rwd BN B-LSTMAR S AR IS FBERI AR - B AILSTMEES K
7, HME—ARIDBERE — MO E IR, MO — kN T
£, EHLSTMR FAEZHT, REHS — BEHRRE L a5 K07 B 5
S B TE— R — [, o), VERETE MBI « B8R ASAS R A
SRR

wf = B wy (4)
T = o(Ri g wf) (5)
T =Ry wf) (6)

hi= (% %)) (7)

H EFORBIAMAN, ¢(-)RLSTMEHR .
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JFIGHICNNHBRZE, MLEMSEEZHN . X TaFRE AT, 7 LUBEER
t1m =21 DTo® ... » xn, OFREERE, 2 € RIFTRAEFMANE, dERNZEIFRER
Y . BRUEERZOOESESNE O MK/ N AZE S R e b LU= R FFIE, WA
FioR,

=f(W - Ziitn—1+D) (8)
H be RE—NMWBBMAE, fRRIFLIERE (HLSigmoid, ReLU) - KE NnHIf)T
A LUBE SR BTG A) 7 AL L2 A R VR B 18 UL, A FTR,

c=[c1,C2y ey Cp_ht1] (9)

ARICEE I KNRE = [F(0)...F(m — 1)K 5 Bi-LSTM A Hi t 7 & 17 5 LU
AL &, AR

e = tanhl(X" bt +3) F(@)+ 1) (10)
bR Mg, FAbELiEENZSE . NBTPICNNGW A DIEH, MitERREEERZEZ
b o AR F, @t K-Max Pooling, B MBS KNEESHAE, ¢ = chomaz

5 MAENGE 5K

ET L EAR, BAE/AIEERBILSTM FCNNHE R H 18 A B bR a) 1915 U E,
Bicy, of, e TR ML TTRERMRENPILEFEELE, N5 IR 2EZERZ L,
PG DOE- B B AU A SRR AT REE N . B AT

ce=c’oct (11)

= |of - cf| (12)

C; = tanh(WeCE + W°C? + b) (13)

p(yilei) = a(Wee + ¢) (14)

L= =" yiloga(Wehi + ¢) — (1 - yi)log(1 — o (WFh; + c)) (15)

H 1o () fEsigmoidifl 1 B & e, Wb, We, b, c&BA S, Honi IUE A 7 %
B, mieEERBEE AT ECE - Gl B NMUARIC I DGECRT T A8 O 1 D 951 K eR ORI
R, XTI, AR AT EOBER R T E S TR ERE I Ep, MRFEDRNFAT; R
INTIRER(Hp, NREDRAAFAT -

1 otherwise

6 L5
6.1 SEREIE

PGB AT )R POBRAEF AT A)%f

P[RS 130k 130k
Mg 10k 10k
ISR 5 10k 10k

Table 1: SEESEUIEER
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AR SORF DB AT A5 B @A — 4 R e T AEDCGE R EIBRTEES L, B
BRI B T UG A FFEGREE , P DU SCSC I B E 58 A oR I 5 222 PGHEHT 18] k9 k- RS &
AR B dump R G FIPOE- R IERNE L E, R EST AR PGER)T315211, #HrE
THEREA]T316243, FBhN 57 ARG 13 MPGBRPAT A%, 5 VecMap T Ei)I1 45 5 BT & 1B E
FRGEF A E - [ ET BN PATAX TR AREOZ E 11, FEYAGE T 135 M PGBIEF
ARSI E A IR AR R NS B R 3852 NS o [RIES S T A B A ST AR GRS AT A Sl U
T RISWIERE, BT A)PGECPAT BRI LT AP EE AT M E N IIALE - RINAET
S TE S AR TIN5 X Bi-LS TM Y- A7 A7 5 Fl B RS 1B B A -

6.2 SLRXESITEMIEIR

H F TensorFlow# 5 SE N, B 1A ik A\ 25 B2 FIFEEC R T AU 7300, BEMUZ M1 - HLALFE K/
WE 64, %RHlepochs H15, BERBULE 5.0, 223 F%E 70.0002, Dropoutik & H0.7-
0.8, fFHAdam LIRS, WIHRECK Hsigmoid BREL, 15K REUCH A8 XU 6 bR AL - 7ETEAGFEHR
JE, ERHSE, g EE R FUEE R RETE G AT LUER 7 R D088 18 & S 87
TRIFRITENR - H AR B2 A SRR A FX P EIEPATA) TR F]; A B 22 &
HPATA R P EEPTREE A PR G, FUBERREEMA B ZREEFFE . BEAR

wmr:
TP

Precision = m (17)
7P|
Recall = ————— 18
TP L FN] (18)
9 .
1o X precision X recall « 100 (19)

precision + recall

Hep, TPREWA] 7 HREIEFATHAN KR, FPRRPA T F 617 70 f %L
B, FNEZWRE P RESRIAFAT 0 R -

6.3 SERLERG T

B5E E NGB 515 FH ArtetxeSE A (Artetxe et al., 2017)3E H B VecMap - IRHEZE XS N 38X
FRTE R R X Bi-LSTMANCNN B AT AR U] 7 LN SUR B MERRE S, it 7 UT =4
FOSERS, FEd B R E TR AR AT SER A 5 AT

SE — RN TEIUETYIZR A A M, X E B E 80.90, R & T 4R BBI-
LSTMFHCNN L 47 ) % il U T 5 R 223 TR A ROR 3047 5% L o FAi T2 R A A A Bi-
LSTMA B PGB N E AT A6 B 7 VAT LA, [FIN, 7 3 H 0 R as & L e Sl s
SES) RS B EFERTE, FIRA T Munteanu D S8 A (Munteanu and Marcu,
2005) %% H IR RIS . BASIIGLE R ILR2 . NFR2HPATLIE M, 7EDCGBETRE b, A
BIIF 11590t T 2 e AN H AR o 36 FH R B2 2 3] 7V B Bi-LS TMASE Y 5 11,88 2 > 2 SCHF 7]
NS (SVM) FIEMAEET (LR) 7 BERME L EAEFRMR, FEFEREZB-LSTME
B DLBE 3T B 22 3] ) F [ B AR, I H 2842 W28 R0 DGR R i 5 3L = 2] [ — 3 &S [\ ]
PAl—E R AR R B5VE = 1Y (R T ML 48 2 2] T I TCIA MR R I8 75 5 10 [R] R fa S0 SR B B R -
223 R L 2 ST SRR A 52 B 90 2R 2 L S KRR Y B B A Ve R - 2 B R R B2
LERENS B B S) PR B I FUARFAE - Bi-LSTMAICNNAISS & (L T & ## FBi-LSTM, & &
JiE St CNNA] LARAS B8 22 38 SURFETS B, - BRI AL R 7963.6 %, M A ST VERIF1{E IR F
170.7%,5 AR ZRFICNNFFAE SR BUME LR & 17 7.1% - 20 B53E 5 I 2R AT LL B A 18
FABI-LSTMANCNNZ 5 1) 5 5 2 47 2 R 0 5 L8 P = B B AR Rl =S A, 75 U SRR
¥ .

SCEG T N T P UE B R SCER DO BB R B O T IE R R, IR EAE
BIE 0.9, T —4HR A SRR M) & R AEER 4 5 word2vec(Mikolov et al., 2013)H 1A [a] & 5
TERLRY RF b SRS, BRI SRR3R . WRST A LUE H, AR SCHE W TIZR 5
£ VecMap Howord2vec 7E PGENCEFEL TAEH B R 24, HEZHEF 2 VecMaps& I8 5 &
1) [a] 2 PR ZRF DUBOB TR R ST 21 2 3 SCS [ ISR DO B S A R 1, AT RE TR R B
Jot & I DUBRAGE AT A%
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ik R(%) P(%) F1(%)
=N Tk 54.2% 49.6% 51.8%
LR 57.9% 53.8% 55.7%

SVM 62.2% 57.3% 59.6%
LSTM 65.8% 59.7% 62.6%
Bi-LSTM 67.2% 60.5% 63.6%
BiLSTM+CNN 69.9% 61.4% 65.3%
KT7 75.6% 66.5% 70.7%

% (VecMap+BiLSTM+CNN)

Table 2:  ANEFEEIXT b S206 45

Fik R(%) P(%) F1(%)
word2vec- 72.8% 64.2% 68.2%
BiLSTM-

CNN
AKIETTE 75.6% 66.5% 70.7%
(VecMap)

Table 3: ANF]H ] & FAE 7 ¥ E5] L L5845

S = R T ISR B[R] BB R S SR R R, TR B v i DGO E
“fﬁ”ﬂﬂ%ﬂ%ﬁlﬁﬁ%ﬁ%ﬁﬂ, WE T AR T EANF BUE RN LSS, SCasas R ank4
7R o

AFRIBEEM R(%) P(%) F1(%)
M=0.8 77.3% 68.6% 72.7%
M=0.85 75.6% 66.5% 70.7%
M=0.90 73.9% 64.7% 68.9%

Table 4: AN[A]BI{EXT L S8 45 R

NFRAFRTLIFH, AR EEM LG4 RAm . i, SSix B BHESEEOR, hEL
POBIE AT A% IF TAME R AU - BEMAE R PORGE AT A 5 i E F A BIME -

SRS VY Ry T ISR AR ST EE SR TS AT AR X A AL 2 B A RE R o AR
SOEFET B AT IR PR 22 R 45 15T Seq2seq -+ Attention (Vaswani et al., 2017)1E L 28 BI1E
AL, SR a ARG 2 ) B TR R AFNEIOIGS 4 R B 512, Y1520 ~epochs, A )X}
FILE K/ R64 - FATHGE T 1077 5 D-RFAT RIRHE R ERIIZREE, H S5 T Na] Lk
THEU5 T AT AIRER M, K5 TR T ARIMEEGRIBLEUE 5 - WRSTTLIEH, EI%E
REINA LA GHEEI 55 AT e, B ARSBLEUS 70 7915.89, & 10.34, LT
BEAHL107 FATa))I 2R RIS » SEEGEE SRS T AR U T BN R B0 PGB A7 A) % 7Y it
&, R TR ERVE R R R ETE A [ FPGERFAT A% -
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BRI BLEU
100k 15.45
+ (FhE50K) 15.89(-+0.34)

Table 5: ~FATAIRA LN A B L RE AR

7 5w

FERD-BA L8 B RERUR TR B AT A, AR T — T EEE S PIIZR K Bi-LSTM T
TR BCDGENEFAT A% o EIE RGP AT B RMG UL T, 1% 5 TR A DO 7 37 8 7F
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