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Abstract

The rapid development of the Internet enables a large number of users to generate a large
amount of network text. Correcting the grammatical errors implied in the text can make the
text smoother and easier to read. It is obviously unrealistic to process massive text based on
manual proofreading, which makes the text automatic proofreading tasks have received much
more attention in recent years. The rise of deep learning makes the sequence-to-sequence
learning method widely used in text proofreading tasks. This thesis improves the existing
Chinese text automatic proofreading method based on deep learning, mainly from the
following aspects:

(1)Training data are pre-processed and standard performance evaluation methods are
implemented. The NLPCC 2018 GEC shared task training set is preprocessed and converted
into proofreading parallel corpus for training the Chinese proofreading model. The Wikipedia
Chinese corpus is preprocessed, and the segmented text is used for pre-training word vectors
and statistical language models. The sequence of the proofreading system output is re-
segmented using the official word segmentation tool, and the official performance evaluation
script is used to calculate the standard evaluation index.

(2) For the nature of proofreading tasks, a Chinese proofreading model based on char-
level convolutional encoder-decoder network is proposed. The model performance is further
improved by extending the training parallel corpus, removing the abnormal sentence pairs and
initializing the embedding matrix using the pre-training word vector. Data fusion comparison
experiments show that using more high-quality proofreading parallel corpus can significantly
enhance the performance of the model. Data cleaning comparison experiments show that the
filtering of sentence pairs which length of target side is much smaller than the source side can
effectively improve the performance. Different levels of modeling comparison experiments
show that char-level segmentation granularity is superior to word level and sub-word level.
Comparison experiments of different initialization methods of the embedding matrix shows
that using pre-trained word2vec char vectors can effectively improve the performance of char-
level models.

(3) A Chinese text automatic proofreading method based on ensemble decoding and re-
ranking is proposed. It applies re-ranking mechanism to the N-best output of GEC models
ensemble decoding. The aforementioned re-ranking mechanism combines the GEC model
decoder score, the edit operation features for the proofreading task, and the 5-gram language
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model score to re-score the N-best candidate output corresponding to the input erroneous
sentence, and the sentence with the highest score is the best corrected output of the input
erroneous sentence. Experiments show that the combination of ensemble decoding and re-
ranking is effective, and the re-ranking mechanism can significantly improve the performance
of the model.

(4) Aiming at the limitations of char level and sub-word level models, a Chinese text
automatic proofreading method based on multi-channel fusion and re-ranking is proposed. The
method combines the char-level and sub-word-level proofreading models through three
prediction channels, in which each channel enables the ensemble decoding mechanism and
outputs N best candidates. Then it aggregates the output results of each channel and applies
the standardized LM feature re-ranking mechanism. The sentence with the highest score is the
best output. The experimental results show the effectiveness of the proposed method.

Key words: Chinese automatic proofreading; Neural machine translation; Convolutional
encoder-decoder neural network; Re-ranking mechanism; Multi-channel fusion
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WA RTE FHTIaHAR (BPE) F=Fia [ &l ZRE % (word2vec. wang2vec Fil
cw2vec) o

%3 KW HE SHURTACEL. ERNA T ARSI BRI, A HE AL
GPU ##% 1 fairseq NLP J&; SRENA T =FMillgr%ds (NLPCC 2018 GEC Il Z: ¥z .
Y g RSO R HSK ~FATIERD JForlas th T eI T 2 RIGHEER T4
S5 i FH I B AR AR PR VP AL FR bR, JF4e tH It REFR R I TH IR AR o

54T FET B2 1) ORI . B et TR, REHE T
Py 18 5 EARTE DR TR RE, G $ th— AR T 0] A R Gt A D IR 285 1) o SRS 0 A8
B, G a BT IR IR AR R fe T R e

95 & BT AR A SR B SOCAR BB . B SRR T AR RO T
B B H =X Th SO B n-best fai S A 75, BEAE S T AR AU
B AT B A PP B v SCOCAR H BN 712, B a A S SRS Bt 5 45 R #

%6 W T ZIMIER S S EHF R SCOCR HEESY . B T ZlER S
HAF SN, BEEFE T A RSN RIRSN B, B 2 AH 0 EE S5 74



AR B A SIS ST 67
1.4 AKREBEING

ABEINA TRXIIIART R EE S HIR TASCTAENZINL, B A H
ENRAESS I E A SN FEBUIRIEAT T4, et 7 AR SCmT e a5 = 2ok,



AEXBEAFMTHREFMAILX LTITW
F28 MEIR

AR BRI 5 A SCRSIAT 55 FNA S S B0 AH G I — 2815 S i, BLFE A e AR 1Y
2% . seq2seq MR [RIfRAD A BT (SO MRTD. beam search fRRLFIIY B XML . Fid
AEIR (BPE) F=7id] [ &I ZR5H % (word2vec. wang2vec F1 cw2vec) -

2.1 EHIImAERDINLE

IR 55 R ERIE TN L 232588 F0 SMT, 431 £ GEC Jyik e AR T
NMT #5858, ASCHT ConvS2S MK Rt HMUAR/N TN BT GR AR N 45 .

RNN FHABE [B5 A EAR L OC R, IATRRE A, N T ReE 7 FIH GPU H 77,
Gehring ZE MR T 5g 23 T B RN 4 1) seq2seq A7, ConvS2S A7 i 2w hth s Al AR5
aALEG, il 2-1 Fross

<p> They agree </s> <p>

Embeddings L H H F——

Convolutions

Gated
Linear
Units

Attention

Dot products

A \ \ \
<p> <p> <s> Sie stimmen zu Sie stimmen zu </s>

K] 2-1 ConvS2S FE 7 4 iy ] [19]




AREAXBAFMETHREZMNILX F8M
2.1.1 “RARRDNLE
2.1.1.1 4EsE

ConvS2S #A gufih % A T2 HEZ T, RFANIwASJ=H ConvlD JZ (RI—4k
HBHD « GLU Bih s B IR 2 P = AN AR . 28— AN GafiD )2 I N IR i 7
TR R, ZRAE RN RSB (0 2.2.2 /N5 FsRAL TR R
ARG S SRR EIANILES, SO A iS22 AT M — IR R . G2
N H TP RIS —8, MR EERZMANRNET Z M EHERT.

TR P8 A% 1 B8 FE A — M/, W ConvS2S Gmfidasii ik HE S w2 1) 77 3
S ORBENET o - gahil 5 A K R AR T A — 8, A T 1SR ID A 4 ) =
4ERREEICIE 25 E R )1 (L 2.0.3 /N 04, Smtdedii i 75T R e, i
(E QAT PN I PN

2.1.1.2 FRAOZE

ConvS2S HE AL fighd &8 s TARas EHES Mk, &MEfS)Z B ConvlD 2. GLU ¥
TR 2 A AR 2 A R . 5 Stacked RNINs seq2seq NMT A& AU SIAS ]
ConvS2S RIS ZEREL 25 1 — NHOL I Jw i A E R 4144, T RNN NMT £
M — % AR — 2 MRS RNN [ BRCR A 7 971 23 A0 2w AL 4 1R B0 HH T B34 AL e ] 25 %o
JSL P8 S GmA ] & C,

ConvS2S T LE R FH (1A I 0% 0 @it B [0V f 5 R A2 B B BR 751, ConvS2S
IR 58 P N R 2 B TR A L 0 4, 3 e ot ] R AT B G R SR N5 B R AL 2 1)
NN B o o} RS 2840 N7 51 S 2 ME it , A5 N 17 2 4 550 5 46 AP 11 7 B AT
ULHC. S MARD-ERZ MG PP —5, AR 2% 1 RO SR B Ok B G
XHIME R, MHEEMBLSEZMANAMNIET K -1 TR R, kKOS R 5%E .

RS EAETE R B 0 BT TR ARG R RS AT R R e, (AR RS g AR
HARVCHES, (750 LLAT 25 A (L 2.0.3 /1) o 283 A4 e
BAE TR, #o SAERANRA, BRI EEERER T MR R
AL 3 PR 0 AR T AT 2R AR e, AR AERCR M N RN K/, f R JE I softmax
fig tH E T N — > token

2.1.2 L& 4mhY

RNN [ 2% i T3 g 351, HFeeR A a & @S MR AL B A E . — 488
BURG AR E LA B2 A B INBORATS IR, #UCE R E O R 2 AN 1
b3 7 ST A, BOE I YmtD token FIZEXTALE, KA E id oMM ERR,



FAERZBAFMEAREFMILX FOW

HAFReE @A B R, A EAA BN B 1 RE

ConvS2S H#ii id J7 A A EF W = (W,,..., W, ), BB id P N E
2T p=(p,.py, » BRI HANLG M EREKRM, 53 HNKRT I
S=(W,+ P W +P,)» PR STRA ConvS2S HIZmADEs. MRAD %S HIM AL 507 B 4

e AL E A ERAFEFERENLAIR1E, 5 ConvS2S #EM H Al 24— EE 4l Il k.
213 ZLHEEN

ConvS2S ML i 2 B 1E B A E VB BARI 1025 t 5988 X SRR A0 A, 4R
Ji 5 LD T B T 4 5 7 ) 5L 25 4798 UG ¢, . ConvS2S BN £ 451 % 4
P SRR T -

(1) B4 |25 n AN RSB AERON h (h A iR RO s AR H 0 4650
(RIS EIRAS v e RMRIEA (2-1) LRPEBy d 4 (d % N S84 AR Hi 17 5 10
PR e

Zrl1 = Wzy:] +b, +t (2-1)
o, W, e RO A SRR b, e R AMERE: t N ESTHG
RN o ARAD JEAE LR B 7 A T A SRR R A y) 4l (2-1) HEAT LR
A, HAFAER S HD S e = (e,,....e,) HIDTAD.

(2) 7' GBI e H AR /1, @3 softmax H— 1k 455 H AR ]
B SR R o, BIVERE RE, o) B (2-2) HHEE

I EXp(eiTZrI])

ni — m (2-2
> exp(elz) )

Forbt, TARERBEEA .

(3) XTI EH Y e ARSI s FORALE SR R T RUE o, #3052 1)
RO X, OB K 2V B PR B i 2 S 58 L s (7 B O
AHOER, xR (2-3) 575

Xr|1 :Zarl],i(ei +5,) (2-3)
i-1

(4) xS RN d 254 h, B3¢ eR", Ly AL ET
eI o B e LR
2.2 MREERAE

43 3 7 NMT B2 [ A 7 3 A SE T [ [ H A B, 4Rt B T — el i 5 0

ARSI AR, Bilhn 2018 4 Gu DBUE T2 ) (fertility) TR 45 s N 75 D12
H bR 73 e 3047 2L B H AR 741, 2019 4F Guo S5SNI iod 1 S AR AL 45 ) 4 A ke i/




FAERZBAFMEAREFMILX F10]

PR P B9 2%, Waing 25 CT@ ik AFBLE 1 TR B8 58 240 AR R 43 25 55 38 26 AR s 380 28 ) ) A
FHET E AR B A B, JF B [RNE REFEAT TN B Axm & i B0 f% A=
PSR, (o FEENEERERIR . 2HT SOTA [ NMT #8125 Transformer, 4
AT AR A B SR T Transformer B, 17 AR SCEEF ConvS2S B 4 2 Hh SRt
ARG, WOARSCHAME A B A . 5 W03 BEEERE LA (2.2.1 /N5
beam search fi#fi% (2.2.2 /NFi) AIBEE XML (2.2.3 /M)

2.2.1 &R

DL PR AL A A PR AT I 8] 232 1 FUIU #48 AB S 231 PP B B B Y token,  FRKEZ AT
It e HEIK oA A R T i ol = REIRE | W5 g s¥ & Raey o o 71 B g W A VS S S
B, AELTCIAT B AR HE T ) 4 =) B DO

2.2.2 Beam search fiZhg

Beam search fERSE@E T 5] NEEH %% BF (beam width) B2 n, {815 &-mAS ) [a]25 68
{R3HUHT n DNRAETA, AR ZIE n-best 5131545 5 5 1)) 51) B AP 2R HE i 11
beam search fRfERS AR QnEEi% 1 Fos

Bk 1 beam search fi#hiY
Inputs:
n LR T
nmt_model WIRIT ) NMT AEAY
source_sen b NG
S
results Y132, 17 n-best J7 51
scores I, A76if n-best [ 51 0T ENE S ZE
Output:
output_sen H b 4 H )5

1. results #J4a1L M[[<bos>H] id]]:

2. scores ¥14H4N[0];

3. ¥ source_sen 7\ nmt_model 4% Es: /1miges R E K
4. while not all seq € results ends with <eos> do

5 F3E tmp_results 2S5 ;

6.  Fyif tmp_scores FF

7 for seq in results do




FAERZBAFMEAREFMILX N

8. if seq ends with <eos> do

9. Bkt XA

10. end if

11. ¥ seq i\ nmt_model [¥)fiF#f5 28

12, XTI R —A token FIAEZR 44 3K logs
13. for index in range(A Y2 I ALAR) do

14. 4 index Ab 1 log MEE AN HI seq %I B[ score KA1, JFEANA tmp_scores;
15. # index 5 seq &3, FFIIA tmp_results;

16. end for

17. end for

18. results <« &JF results 5 tmp_results;
19. scores <«— & f scores 5 tmp_scores;
20. % seq K EEXT score FREALIFLREE top-n 7515
21, BBRAEE <bos>H 7
22. B3 results;
23.  HHT scores;
24. end while
M1 S S TR] 2 () n-best Z1 3645 7 fxe i R 7 210 R A6 208 4 B s L
25. f& 4% scores M results F1i%&#¥ output_sen;
LR RATW 2 — Mo, WE SIS R %S R E 3BT 1Y 25 7] 3 2
FERDHERT IR LM A EERTEE N 1, I beam search D IRAL N o0 O RS s 254
BERGE L IRIC R, NI EEECR, LR E K.

2.2.3 EEHE

H 5] U= A RS 7 EEAN BT 2 BT T4 H A token Fy 51 £ [0 525 R 4, A g I
() 25 A TSI ) 40 75 2 S S RS 2 ARS8, #omT A B s A o R 75
) 7L

10 B SR AL O A 2 A FRRRIR S A5 5 R e AN R B R AT A, tEE U
) AR BN -

(1) BRI T 20 RTINS By N\ I — AN I 220 1 0 ) TR

(2) WGeAs IR Wi A B IR S

(3) fiErtsdsfi— b1t

(4) fif IR W 22 A7

(5) F&T- 4RI [A) 25 O AL BEROIR 25 25 70— token.




AR BA MR EF MY F12W
2.3 FiRAYISHEHA

SCATERAT S5 MARAS b 32— AN FF ORI R 1 8, PR AR R SO AT R A 2 &
Sk, AN B M E B YETERE GEC JEREARHEE T NMT B8, ek
fift softmax PR SRR M I, R T NMT BEBY (Y GEC R 40 75 2248 A R
HEMANCR. R, ARAZMNIRIC RS FECE WAL A ST (OOV token)
SN H— 22 B OOV token B i i <UNK>HRERR T 5, T4 A\ B th ) X ol
<UNK>FF5 2= SRR R M RERL K .

H 71 5 B RIS L AT U Y OOV TRl BH R )@ (AR SCK GEC AT 45 AR
AR SCAN IER SR B AR

(L FETH U7, 8N SR Bl & 770 M2 o A, R o 1] L
FEp VLB H Froi i EE T 7 HU R By BFRBE S, LB 5 B Anum i i R 0 .

(2) BT FIAsIamIig, BREMWETAIONIBEL I 7R & A
(3811 -3 2 5 (BPEMIE;, WPMIBel) (1%,

ASCA$ | BPE (Byte Pair Encoding) £ At fift 1 1] 25 AR X 455 784 57 B8 27 L 3] (147 1)
A, BARTER:

(1) & E AT BPE #:4/F k% (It~ BPE HiEME— 1 2) , %4 BPE i
FOHAD WA, 2 igEUE A 30000.

(2) FEFRAPATIERN B fruiii i BPE 2% 2] 59445 3] BPE i K.

(3) R PATIERLS.H BPE T34, #1741 BPE J¥ 41, 1l BPE
A AR X A

(4) N EIEHE, K BPE 284 H 1) BPE [ 411Kk 5 10 751 .

BPE J& T Il ZRiE k)2 23A (1 -1 U] 43 07 2, i (R B ey ] R AR AR 1 434
TR EICTA, ARUEE T NMT BE R A H bR ial iR RIS, BPE 2% 3] 502
LU

(1) XHERHEAT RS
(2) i 4% {8 BPE # AL AT B KILECY) 4, 3% BPE token F1~4F token iR

B
(3) it token PIPILILAIMEL, HHESLBLXEERZ P> token I BPE i
(B L

(4) BPE #AERE—, #iE% T BPE #4E, WEEZHAT.
BPE 4 ik 4l BPE BLADGH A AT e RUCECYI4), 415 74155y BPE 41, Fid V)
SYHTJERT IR 2-1 B B VIIF RS AR “@@ 7 A5 bRid, #onT LAEH “sed
sl@@ /1g” @4 (sed N Unix [FiidmiEas) 4 BPE JFHIK R AR IGT 51 .




FAERZBAFMEAREFMILX # 13|

2% 2-1 1al7)43 A1 BPE )43 %ttt
jieba A TR 445531 BPE FHEIVIA4 R
XA Y Ml A MRy . | XA Rk @@/ kel A @@/ W .

A iE Rt subword-nmt T E A Chttps://github.com/rsennrich/subword-nmt) ¥ BPE #1
N B e SO AR R TS, 22T learn_bpe.py 2% > BPE #%Y, 22T apply_bpe.py M
A BPE 118 Y] »

2.4 EEIEIIGEE

A FH TN G 0 1] 1) 2 1 224 RS A S AR Y () 14 BE . Chollampatt 1 NgI7E 3552
GEC {145 Hf i F Fili)ll 2k 1) BPE fasttext i [a] B4 4514 ik N FE B , Ren 25281011 76 1 3¢ GEC
1E%% EAE I TIZRT wang2vec T RAEVI4G 4 BPE SO AL R NHERE, IX PR I TAF
T B LR N\ R B8 FH REAZ 1R T+ BPE 203 GEC BRI RE . T2, A SCIETFH
HEFETERL (FRARER TV 3.2.2 /1) i1k token 1) word2vec (] [a) EE 3 2 A A, I
2.4.1 /M) . wang2vec CEFXTIEVE R R &, UL 2.4.2 /NI AT ew2vee (ZEHI(E
BIRgpmmaE, W 2.4.3 /N WERR. AN FARTR =R = g

2.4.1 word2vec

Word2vec &1 R~ 2] IR RS, &35 CBOW (Continuous Bag-of-Words
Model) 1 skip-gram Fi A5 A2, {2 VK softmax A1 7R AE B R softmax B8 B0L Lt
SRR,

2.4.1.1 CBOW #1 skip-gram #&#

1954 4E, 155 %K Harris JEH ML) “AmaE " B 15 SR SCRHMBLIR Bt 4
A2 EAEARALR) bR S0 X — R B 1 i S B ) R 8 kA . FLE 2003
E, Bengio ZEOMEHEH T I T AR HIE SR (NNLMD Al AT FH A i 45 % 42
FPHE 28R N-gram LM, FEAR AL T 5880 (1) [R) i It (58 2 2138 i AR 7R T 25
NNLM FIFFHEEK, Mikolov 2:B21F- 2013 4E42 H T CBOW F skip-gram #7%, X FiAN
BRI 22T BRRE, THEE KR R, 15 0] DUE KAE R RlgRm R, 2L TH
T2 S i [ AR

CBOW #&8Y, BIELLn{a A, ERMA NS E O B SGRamERy], EdER
ERAE MR AN FE S 2] B R SCR M ERR, W ER BRSO R R (3
MIEBAE REIGNSE, BT w0 e B I AR A R, MO R
Z SRR , FRRAS B R T SRR A 4y softmax Fr i Z, IO T 5 R E]



https://github.com/rsennrich/subword-nmt

FAERZBAFMEAREFMILX F14]

(i), # CBOW BEAUA S5 _F k& —A softmax [H1)H, #ife — MERAFL. & OIS
Bl L0 & il — RA N, X EIZRAE Ay CBOW BRI BHE 5,
TR N B B A 138 22 I ) g 7 ) [ A 2 At 2 — e 4 B
Skip-gram A5 AL 1\ A B T R TR id, SRk N2 S softmax i JE T
W BRSO S AN, R AN AR R . B — IRE R AR R R < 2
MNINGRFEAR, H R N[LCIIX A BN LRERUE, C (a1 25 g rsE e (B
RRTRES L), X i N4 H e T 25 skip-gram #5584, ik N FERE S5 70 HoAth 2 54
— EL A TR
CBOW # skip-gram 7 58k A FE BRI 4G A R AT 9 tsE =
(1) CBOW HERUTE S [ A& 4 B 7 11 bR ST a4 6 A8 R e 2 RIF w3 11
WA 5 DA E B0 BESE BT B R SO RN R R
(2) sikp-gram SRR S )AL AR I TN LR SCAS [R5 22405 55 DAAS 6] O
B A RN RO
g5 LRI R R ek
(1)CBOW A B T — /N 1 R At — AN N i O, SO SR Il 2Rk B2
SR B LAAH 5] (66 5 50 37 b R SCRTA RN, i CBOW A7 T VR AR B b % 381 % DL 3wl 1) 1)
BRI
(2) skip-gram B |y - — AN G H RIS R < 2 YIZRAEA, #HH CBOW #A7Y T
TS, SR RERUT M = 31 55 WA A RN R
SEERR Y, — Mg A skip-gram R

2.4.1.2 EX softmax FataFE

P CBOW A1 skip-gram 5284 2 i 45 2 softmax [F11H, 1fi softmax iR £ 5 &4
K, R FHE K softmax F1CK AT BT 5.

JE VK softmax A H 1 AT A R 20, TH0N A AAKR T A T h B 3 k7 A, BT A A
FE IR EC ] -

BRAEFE T 19055 A M ZRAE B RAEAS B ORE A Gl BRI 1) & 40 75 12047 T
KA, 73 PR AT R] (1) 3] ) 2 B8 B kB UR /D, ATRES RIA) AN A28 %T skip-gram
B R FH SR FENLE o SOREAS S 2201 B T RRANAE [F] — S B R SC, IEREAR R
R HAbR], & S W R TE Rl — A B SC, THE 2 Ry 2K, R
TH5 sigmoid BRECEP AT . T FURAFERY skip-gram 2 B i o -

(1) Fy N S IEREAR B R AR 3] id
(2) RN EAH 1] id B i )
(3) a5 IEFEAR B FE AT E AR S (— BN AR D




(4) R AHBARE ok 4G

FAERZBAFMEAREFMILX

B\ sigmoid fii 2

157

T 2K softmax 75 B8 % 20 A G T 25 Wia], s ik v b 248 F0CR R
L1t 5 softmax.

2.4.1.3 word2vec ERIIGTES

A A% B 7 1 word2vee T E.f5 Chttps://code.google.com/archive/p/word2vec/)
MRS WA WK 2-2, AFESHL . B X BRIAMEMEANE R

% 2-2 word2vec F 7 L EBZHLH

Y4 -9'4 NN HifER
-train V1o i i 2Rkl 7 7
PR I ) S ORAE A N S — AT
VR FUBR ) B, A% 2B
-output T i) 1] & (R BE AR 7 B2 N ORI A AT R T A E 0 RN
Fon, TR AR S YRR
HAh 2 4% 7 B
-size ] o] £ R 4R 2 100 RIS T B A ki B
. \ B J7HEY: CBOW ¥ E 4 5, skip-
-window VB BRI TR0 5 5
gram B E A 10
BB AR, HISIER K
-sample T BMERIE, FURFERT 24 le-3 HHAMEBUETEHE: 0~1e-5
BEHL T RAE
e Fe A JE IR softmax ML | O CEPAME | 24K softmax fie B - 27 30 2 I il )
TH5 softmax pR %L R IRAEIN
-negative FREA )N 5 T P EUE G B 3-10, 0 RPAMVEH]
% LR FEFEAT I ] ) s 1 ]
-threads | ZRid#E, fi7E LRI 12 WRAEHLA T T R B T B
#
-iter B2 N2 DEIEN 5 7
fae it PE G, MR R
-min-count | I Xl 8 H I CEAIR T BIE 5 7

3]



https://code.google.com/archive/p/word2vec/

FAERZBAFMEAREFMILX F16 ]

H3k 2-2
skip-gram
(¥ %1 46 18
\ N 0.025,
-alpha WEYIIRY )% ¥
CBOW HJ
IR RIS
0.05
& 77 DL bR S RAE AR | 0 (BL txt 4%
binary | : ‘ 0 B L bl i i B 2817 {1
7] & XRAE)
-cbow Fi € 1] ) B ) Bk 1 1 B A CBOW #7, 0 Bl skip-gram

2.4.2 wang2vec
2.4.2.1 wang2vec iF][EE%F S Eix

word2vec JE¥¢ia A one-hot ZwA% R N BITE LA TH], R AR5 2] 1A R RN, )
CBOW I skip-gram 4% ) 75 G B b S i) A1 o JR] 1] f0 A AR 58 I 408 2 ] 15 6 % 11
(CBOW k- F-ial 485 AL, i skip-gram I FUIN_L T SCH % 2 AE B &AM B 1Y
FAIEDD o BRGNS FiEyE 8, 17 PR E 2, T72 wang2vecBU%f word2vec T T #i &,
FEH T 4t 1k skipngram F1 CWINDOW PR 5 RS, ‘041143 il & At skip-gram F1 CBOW
B BV g, Bt o o b B AREIR] A5 S, B0 TR DT IR R/, WUECRIE & GEC AR 55 .
AR SCAT A S5 R E) skipngram $9%:2% 3117 ) wang2vec [N, AHECT skip-gram
JFH A [) 433 2 0001 ST A1, S5 A0 skipngram &S5 AN [FAE A7 B 1) R AR A
— AL F R TIIN2% , 1% P4 X 14 ) 40 A 75 wang2vec BERS AR T [r] 5 125 In 738 P 3] 1)

2.4.2.2 wang2vec ERIIGT AR

ACAE B 5 ) wang2vee T E 8 Chttps://github.com/wlin12/wang2vec) , Al 1%}
word2vec JEAT T Al FAIN R, K 2-3 FH T wang2vec FISE LR, =X BRAMES
HAE B

% 2-3 wang2vec i 2%
SR 4 B RME HAtfs 8
g 7 0F L At (NCED & —
-nce | Ff softmax B E AT AL
2. FRE NCE FUREA /4L

0 CBPAREA | JEH NCE I, fFEARANS0E
NCE #L#D W BUEYEE Y 3-10



https://github.com/wlin12/wang2vec

FAERZBAFMEAREFMILX L]

“Ek 2-3

CBOW;

skip-gram;

CWINDOW;

4ERJAL skip-gram

AN B BOE i AT DA AS 5

0 CRMIZME | Ram K, AR BBLBUR,
O BB E Y 1, Hl-capl,

ARA T I R B I ol T e

-type i [ A ) SR G

w N kB O

-cap | PRHIZHE (L T[-50, 501X [A]

2.4.3 cw2vec
2.4.3.1 cw2vec iREEINGEE L

H5WI7E S AR, 2wl oCs, w55 s« R/ AN R SR A
WZEUEE, CAEMT 2R ERNELIET RS, AEAE IR HN 775/
PR ) SUAF SRR 1] )

FETE S, A TEEH subword (Fd, Wia) {5 E R 50 H &, Bl
fasttextlUfl CHARAGRAMI®, 7 rf 3 ia] [ £ 4515, 2015 4F Chen 2544 7 CWE #%
AL, A FH ] ) 0] B R R MZ R R AN 1 ) A5, AR BB R &, RIHRNAE
BEAE Ak T R AT RN R R . Sun 2510314 2014 4R Li 25144E 2015 45 ) FH i 55 0
KGR ST EE . 2017 4, Yu SIS OWE R, DU AT SEARRLEE MR 4y
RN TREEW “FF7 , B3R B /D BIRREEL, BlE . DA R kA5 21
Ay [

Cw2vec JUI$2HH 7 “n Jo2BE " FIMES, HAERAFERERAEME 1A n Jo 2 = 1 a5
TR, BTN BT IRFR IR

QDX 3 o R CIR I Eis W E AT S 7R

(2) LA [F] B B e B T 15 2% 08 145 48 1l n-gram.

(3) ¥ Hp [B] 3] ()5 T 2E 1 n-gram [a) s SR AE A A R0, R S B A a]
PISRAE L EATTR 3] ) B R R

(4) i F skip-gram A5 F A7 RAE B3 2% S 1A AN n-gram 28 15 1) 7] & 3R 7R o

(5) YIZR5eESa, RN FE REAEfifs () 1] ) B 7R BT

cw2vec A% 0 JBAEAN fasttext 2L, cw2vee K FE Ak N 2E I 741, 1 ZEH n-
gram AL TSR] 1 A5 P A1 I 4F n-gram .




FAERZBAFMEAREFMILX #18 |

2.4.3.2 cw2vec RS T ES

ASCAH FH ew2vece FFUE AL Chttps://github.com/bamtercelboo/cw2vec) 5Ef%AE )M token
) =2k, IZRHAM RS EUL IR 2-4 Fios, BFEAFR. 2. BAME S HAih

55,
& 2-4 cw2vec FHEEZE
SH 4 =94 RIE HifER
-input 7] word2vec [1J-train v o
_ SEERHIE S, BIRFFI
-infeature o ¥ 7
BN L [ 2B T 4
-output 5] word2vec [1J-output " T
-minCount 5] word2vec [¥]-min-count 10 o
-minn ZEH n-gram [N E 3 T
. WIZRia [ B E N 12; BPE & A]
-maxn £ n-gram f) e KK B 6 ‘ ‘ ‘
W9 FREATBN 6
-t 5] word2vec [¥]-sample 0.001 HHMPEIEE: 1le-3~1e-5
HH T cw2vec th 25T skip-gram 15
-Ir NNIE TR S 0.05
M, WAT i E Y 0.025
SR E D EH
-IrUpdateRate 100 0
DY
-dim 5] word2vec []-size 100 | FZMEERIE S N AR R 1 B
word2vec ‘E 77 #E¥F CBOW X% E M 5,
-Ws 7] word2vec ffJ-window 5 ‘
skip-gram ¥ &N 10
-epoch ] word2vec f]-iter 5 i
-neg 7] word2vec [1]-negative 5 T A YE Y 3-10
-loss HORFERS AT A kK%L | ns T
-thread 5] word2vec []-threads 1 AR B2 25 PR 05 I 1 4 L R mT
-pretrainedVectors TR S5y im] ] £ 7 x
-saveOutput e m IR E 24 false — AT AR AE

2.5 RENGE

AR FEMGE T S ASOHR— S S AR, H%d 1 Convs2s i, WY



https://github.com/bamtercelboo/cw2vec

FAERZBAFMEAREFMILX FE19]

()G RS 45 1) 59 2 L BN T = Fb seq2seq R MRS AE BT 25, BRGS0
fiEhd . beam search Fl3f &MY A5 HIA | BPE @ ARE GEC (E&5HHINH S
B JEENE T ZRE R ENGEE, BFREENEEER word2vec, EH T IE
7 1) @) wang2vec F1ZE1H| n-gram {5 23458 1) cw2vec.



MR B REMETHAREZAMILL $F20m
FI3E LINZESHIEMALIE

3.1 SLIEMEHIfE
3.1.1 BEHER

ARSI BT — & S AR A — & XK 44 GPU RS 28 58 1, 51 TAEM 5 GPU
2% 5 1y BRI B (5 BNk 3-1 % 3-2 .

*® 3-1 S TAFuh TR E

Btk Rt
GPU NVIDIA GeForce GTX 1080Ti
TAF 11GB
CPU Intel(R) Xeon(R) W-2135 CPU @3.70GHz (6 1% 12 £kF)
WA 16GB
WA B 2TB

% 3-2 WEFH GPU R4S 2efdi it &

B4 JE AR
GPU1 NVIDIATITANV (12GB &17)
GPU2 NVIDIA GeForce RTX 2080Ti (11GB &%)
CPU Intel(R) Core(TM) i9-7920X CPU @2.90GHz (12 #% 24 £8F%)
g3 64GB
e A5 = 4 WAL (1TB+1TB+1TB+4TB)

Fr, TITANV Rl RTX 2080Ti S RFEAFEEIZE0, 1 GTX 1080Ti AL FFZML
il IRAFEEINGRNIREME M I ZF IR T R (FP32) A S (FP16)
VRSB, BUER L S R P AT DAY R R OB, A7 I 265 o P 1 P9 A7 25 T 4
N . TR R A A IR, VIR B N R IR, TR R A
PR, KRR B E— A KT 1.0 IR, SURGE A T R BUE — o 8~128.

3.1.2 HEIE

ARSI FE T fairseq NLP % Chttps://github.com/pytorch/fairseq) , fairseq /& Facebook
Al BFFLRE (FAIRD FFIR I 3T PyTorch ¥R 2% S HE BRI 7 71 A T 2 A8, 2 30 LM



https://github.com/pytorch/fairseq

FAERZBAFMEAREFMILX F2A]

A NMT PRI SCAR A B NLP 4155, RRESRE IS, CHRaoMmE GPU R84 1T

Y, ZHAE CPU A1 GPU b iE4THed beam search AL A 1%, SHHCREIZ:, H
RiGSTHE. Bl fairseq 2L 1 =FF seq2seq NMT ZEAl 424 :

B (BT Luong 7E 2015 £Ef TA/ERED) |

(1) LSTM seq2seq
(2) ConvS2S #A1l,
e,

(3) Transformer #&

ST AR AR 4 GPU iR 55 4% 1) R G5 3% 3-3 A1k 3-4 i

*® 3-3 FI TAFuE RGN

Rtk JEtEE
B RS Ubuntu 16.04.5 LTS
Python & 17k Anaconda3-4.4.0-Linux-x86_64 (Python 3.6.1)
TR 2 > HE 4R PyTorch 0.4.1
fairseq NLP /& fairseq 0.6.0
CUDA CUDA 9.0 (cuDNN v7.3.1)
* 3-4 X GPU %54 R4 MR
B4 JRE
B RS Ubuntu 16.04.5 LTS
Python & 1T hR Anaconda3-4.4.0-Linux-x86_64 (Python 3.6.1)
RIZ 7 SIHESE

PyTorch 1.0.1.post2

fairseq NLP J% fairseq 0.6.0
CUDA CUDA 10.1 (cuDNN v7.5.0)

3.2 WMEGHIELE AL IE

AN 3 B 2H S B B AR R B 4R I T AL #E . NLPCC 2018 GEC )lZ54E

(3.2.1 /M) A1 HSK “PATERE (3.2.3 /N1 TG #i iy, rhsr ge B gl (3.2.2
AN BTN R E R GE SRR

3.2.1 NLPCC 2018 GEC I ZrEFnEEANE

3.2.1.1 NLPCC 2018 GEC & HIENE

/=

NLPCC 2018 GEC )l|Zx4£ (http://tcci.ccf.org.cn/conference/2018/taskdata.php) K H
T NLPCC 2018 GEC I:ZAF &MY, B 7 EHE 1 R i+ N



http://tcci.ccf.org.cn/conference/2018/taskdata.php

FAERZBAFMEAREFMILX FE2R2]

COBRAT XS AN RS A IR, BRAT R BE R 15 0 AN CRIV R 265 Ay I8 607D
IAEEZATATR X, a1 3-5 s

(2) #ATOR 4 DT B, BB AHIERS (tab) 70f, 27 BUf& (Wi 3-6
It

* 3-5 YIRAEN— Lo
JR4GRT BARE)T
KRN, TG BAIRIT L KIERRNJE, BRI L
AP PN U S E S AN E R
Wiy BLA N BERE I 22 7 T A 2R AP NGV E U E AL 1l R
T BN RES 22 T T FR AR

% 3-6 NLPCC 2018 GEC Il 4534 7B 44 e Hor L

FBFS FBA FEREX
1 sens_id RJFAER SO RS, LR
2 num_correct H Ar )+ (1~ %k
3 orig_sen JR 4B H)
4 corrections T HbRAF (E num_correct = 0)

H 1 T 58S AT i K UEPAT R 15 R (i SC ) NLPCC 2018 GEC #4517,
LMY Lang-8 & KHA) #YE H T Lang-8 Mk Chttps:/lang-8.com/) , Lang-8 f&—1%
EE¥ITE, mEAES AL (native speakers) Bk 2> F 5 K5 L (FE0) #H471&
e SR A TR BT HE RS LR B I G 2, Bl FiE A m, iEEHE
TEHZ G, T2 50 HE SCRIIZREER AL R (3.2.1.2 /15D DL IR & e sk
5 (422 /00 o HETEIRONPATIER EE B IEEAEEF ¥ 2 F 74, WMeYETE GEC
RATBEEHMNETFIHE

3.2.1.2 NLPCC 2018 GEC j/IIZ&# BB TR I8

NLPCC 2018 GEC Il Zx &4t 1 il b B AL FE 40 ToA%:
(1) M NLPCC JRIR I Zr B R EAT .
(2) M NLPCC JRIG N HE IR bR T h
(3) W IR G aa 4 e AT 8 7%
(4) WA num_correct =B A 0, WA f H A &5 7] I 1 ) -5, SRR B3



https://lang-8.com/

FAERZBAFMEAREFMILX R

InE SE M A Bh TR T RE

(5) R¥ HArA) 750 s P47 %, PAESE num_correct F1ZH 1E &) 1) SEFR%k
ERNUN TR

(6) # BFra) S “ATFEBS” T4, WA RSB FRo S [F T U5 5 1) 5] 14

(7 REEDT FCFEE e, hRShr TS, BREAMAEERT S,

(8)1#i Fil OpenCC(https://github.com/BY Void/OpenCC )4 E i v S yfaj 4 32

(9) #=HII ki, #H jieba 4318 T Chttps:/github.com/fxsjy/jieba) V)i s
HTF 5 AT

(100 WA FAT AT X R BR E R AT .

SRR 717241 17, RBRESJ5H 710000 17, ALHSERFATA)T0A
1208721 MIZRFEA

3.2.2 HEEFRPIERFEEALIE
3.2.2.1 FXXHEFERNE

AT MZERE dump M35 Chttps:/dumps.wikimedia.org) F# XML #% 2 b se 4k
B BHE KL Chttps://dumps.wikimedia.org/zhwiki/latest/zhwiki-latest-pages-articles.xml.bz2) ,
XML A text FRZEENEREIASCERE NS, B4R g RNHERHE T ME SO, 75250
H AT L E A B 5TE

3.2.2.2 TRALIEA T H4EEIER]

Hr S 5L RNE R AL T AR AL

(1) f#F gensim T E 371 (https://github.com/RaRe-Technologies/gensim ) f{]
gensim.scripts.segment_wiki PR SO 4L/ RHE R XML k=8 json % 5K
(wiki.json.gz)

(2) wiki.json.gz #AT#B & —A json FRFH, HARKE Kl 3-1 iz, A Python
(1) json PERFAT json 455 R $E HUIR] 2% AR RS N 2%

1. {

2. “title”: “string”,

3. “section_titles”: [“title 17, ..., “title n™],
4. “section_texts™: [“text 17, ..., “text n”’]
5 }

3-1 json R R

(3) [REVUT FOUTE T RS BRI S



https://github.com/BYVoid/OpenCC
https://github.com/fxsjy/jieba
https://dumps.wikimedia.org/
https://dumps.wikimedia.org/zhwiki/latest/zhwiki-latest-pages-articles.xml.bz2
https://github.com/RaRe-Technologies/gensim

FAERZBAFMEAREFMILX FE24 R

(4) {11} OpenCC ¢ A4 3% Hyfaf 4 1 3L
(5) M) RiEE, fEH jieba 4318 TR AR B8O 4] 1Y) 50 A7 41

3.2.2.3 M fERIERINAFEY S

¥ 32.2.2 /NPT GER AL YEIERY, 6 IO R AT, GBS ) 4
PRI 25 S R 0 5 2 R
1438 55 ) TR S SRR 6 GRS L3R 37 e,

# 3-7 Fo T AR R G5 B

R JRAE ik
1T 39108468 i we -1 #74
FH 770088004 fiiF we -w firé
SR AN 2.5GB fiiH 1s -all -h 74>

3.2.2.4 3 EIER N BPE Y14

HARB N
(1) BT i AT iEkl H brin <2 2] BPE #3 (RF BPE I
(2) 1% 3.2.2.2 /MR A P SC4ERLTE R, 4R E VIS PN
(3) Mt BPE AR AN 1A 4 501 i) o SC4ERAE RN F 73l D) 70, 43l PP 41 e BPE
F o
AR 52 R 4 R TE R T Tl 2R SC BPE token [ HR AR 7R . TiALFE 5E HE (1) BPE 2%
ol R SRR R SR G i E B Ak 3-8 s .

& 3-8 BPE 2| i SCAERET R A R S 115 B

B4 JRiEE
1T 39108468
BPE token %} H 561602590
AR RN 2.6GB

3.2.3 NIEKEZXFITIEN

HSK (PUE/KFHERMPE4S) 1BERRBIEFIES K% (BLCU) B “HSK 27




FAERZBAFMEAREFMILX FE2B ]

PESCIERLEE” 8, Z3E Rl & BLCU B R FFem — M ER DU RIIE, TiH
%5 : HBKO01-05/023. “HSK #ha&AESCERIE” & BHEARDGERSME N2 s 35 005
AP S R A B ERE, WEE T 1992-2005 4F (I3 43 7 Bl 25 A I E & 4 . 15
BEHEE 1.0 i NTERE 10740 &, 29400 J7, T 2006 4 12 H b%k. 2008 47 H, &
Eoceh e, ERVE L1 BOERbaHuA E] 11569 48, FEit 424 Ji

A SCAE I HSK 473 5k 3 NLPCC 2018 GEC L =4%:4% BLCU [1BA github E
FFRE I E Chttps://github.com/blcu-nlp/NLPCC 2018 TASK2 GEC) , % TATiERIH &
Bim, HOZWAHE TR, atf 156870 /AT H) 7%,

3.3 FEMREMIFEMN IR
3.3.1 FEHAEMRENA

NLPCC 2018 GEC JLE {45 i 2E AL B mmA S m2 AW E HS
i, JRumim AL 2000 NME) T, HEEIVGERANE AR S, TR R R A
R, B S EmENK XS CoNLL-2013 Al CoNLL-2014 & v il i £
Chttps://www.comp.nus.edu.sg/~nlp/conll14st.ntml) —Z.
3.3.2 BXHESIEMIERR

NLPCC 2018 GEC J:ZATLHIE i fats A M2 Fos 2%, 5 CoNLL-13 #1
CoNLL-14 % GEC F:ZAF5—3 . M? Fos 0%zt (3-1) . R (3-2) Ffizl (3-3)
THEA R

" leng|
P=Z;ir———- (3-1)
Zi:l'eil
~le gl
SIELILY = (3-2)
> gl
_ (1+05°)xRxP (3-3)

% R+05°xP
Hr, P RRENREMENER; R BTN REMEEF; Fos Rn GEC (E55 ks
2 (P MEEETHARBEE (R) ; {e,..e} RARRGNEN)THIME: o TR R
GHIN A TR REELE S {9y 9.} RS DA TR G, g, ZRHENA)TH
HemEES.
NLPCC 2018 GEC B 5 1 Re PEAL fa br v S AL M«



https://github.com/blcu-nlp/NLPCC_2018_TASK2_GEC
https://www.comp.nus.edu.sg/~nlp/conll14st.html

FAERZBAFMEAREFMILX F 26T

(1) FEBRANT R Gk token J7 51 2 4

(2) A pkunlp &/ 4ria L HE (http://59.108.48.12/Icwm/pkunlp/downloads/libgrass-
ui.tar.gz) EY)H R0 RGtHtH (m2 #& N0 E 7 2 F iRt EE T pkunlp Y173 8) 1) .

() ¥ RGBS E S5 w7 5 KL (MaxMatch, M), ffiff
m2scorer PEAEPEAL AT Chttps://www.comp.nus.edu.sa/~nlp/conlll4st.html) 5 M? Fos
I8

3.4 KB/

AT LA 7SIt AR E e T SR AR, AR A
A B R S S RGOS e d 7 scis B =Rl ge 8, 45 NLPCC 2018
GEC gkt ik [ B SCIE R HSK AT L, JEHl 4 eI mab B %, &
JE R ¥ AR S50 i F R AR R SR AR BE PR AG T AR M2 Fos 2085, JR4R IR RESR AR 0T



http://59.108.48.12/lcwm/pkunlp/downloads/libgrass-ui.tar.gz
http://59.108.48.12/lcwm/pkunlp/downloads/libgrass-ui.tar.gz
https://www.comp.nus.edu.sg/~nlp/conll14st.html

BREBA AL FAIE X %217
FA4E ETEFRRBIDMLEN IR ER

AR EMERLHA (410, REE TR 1 5EEEE (4.2 /M) #2
THIERE, HA Bt — P T G0 AR G A X 2% () b SOROR R Y. (4.3 /5D, B
FETPMNZHIRA RIS RE (4.4 /NFT) o AR T2 BT BB A SC I S8 50,
NE D AL 6 BAMEFHER

4.1 ETERREIFRDMZAE P RS B LARE

AR FEEET ConvS2S ##H 3L GEC LAY 2 K4
(1) CNN T R/NA RIS FUIZMEURFIE, HAHRMAKB 068 7758 T RNN &
FIIM 4 (LSTM f1 GRUMIZE) |, HEETF R b T S0E BRI IE 2 5 iR . kst
Chollampatt A1 Ngl & 45 &F = /1) LSTM seq2seq 15 84 @i st 1) 25 2= 40w 1 L
A A BO 2 U R N, X AE A LSTM AR [ T2 1) B B2 MU B % DL 21 B A v 170
AR RS, X SHIET LSTM ) GEC BRI 5 & fAs FE A SE AR ) 7 [H] K.,
(2) RNN R F1 1) 19X 45 i 2 ) 8] 25 )36 KA 38 (3 L a4 00, S B 25 token %24
AL B IR/ . ConvS2S I B Z HES, BANEJRAEA RUE K. JF H CNN Xt
)& FI BT B AR R, T AUEILE, ConvS2S X4 A K EAHUK .
4.1.1 /N IR SE AR Y () B0 B S U ZRaN T, 4.1.2 /NI R IR LR R RE R
o

4.1.1 EZLIRBIREMIEE S5IIZ4RHETS

ACHET ConvS2S A g H SCREAT AR A, A/INIT IR T ConvS2S [ HEZ A5 AL I A
RV E, BB M R E 5440122 T Chollampatt A1 Ngt# TAE, 1R
KT AR EAAFESLE P RFEAZ: (1) gufidum gD um K token kA
) B AE RO BCE D 500, MRS B M HI 4R B DY 500;  (2) gmfidasiES 7 EHwIDE,
fRIDERHES 7 EARIDE, SmiDas A0 2% I BB0IRAS 4E 505 8o 1024, HBARE H5E
FEBA 3 (3) R NAG RAETY, Zh&EE BN 0.99, WIUR%SIHRN 0.25, 2]
R TN 0.1, B FTZWE/NT le-4 ik early stopping HL#; (4) dropout
#2219 5 0.2, ConvS2S HEALYS: dropout AL FH 41 A R 7] 5 & gmid 2 BN
AR 2 I NI RRD B 5 s (5 BREERBTRME N 0.1;  (6) WE — /ML
FEZAE 60 M1 (7)) WINZREHE Y] 2> 5000 MEAEERIESE, Jikse
HFAT B k% 20 il 2 early stopping, HFATIRUEEEAE ) m2 XS E i Tt
SASERILEIGIESE F I M2 Fos 7381 (8) JET NLPCC 2018 GEC JEHEMAEEF M2 Fos
S BERERERIERE;  (9) beam search DI R TE FE B N 125 (10) JETIRIEEM




FAERZBAFMEAREFMILX HE 28]

R NS ARAS s Bk B AR

TEAR L g SR 55 o R AR AR I R R R I B a0 N ATR: (1) AT NLPCC
2018 YIRS BAL;  (2) WEERA TITANV, & HREREEIZ: (315
W) , WEYIGEIRAERN TN 128;  (3) FLHIER (b3 GEC 5+ 4%
B )T U)o R BE R ST AR, R AT B bRt iV R MU 15 B O 60005 (4) Bl
FURIEA L 7 I SR NGB R (5D BENLEOR T8 E N 1.

4.1.2 BEELRBRMEERIT

BB RE W 4L N, R 4-1 R T R B HENASE Rk gE
Ko

X 4-1 FEEHRTI MR R GE T3NS
iR R A EZER M2 Fos
F£F ConvS2S ] CGEC JL£R 7Y 36.89 9.19 23.02

% 4-1 IS5 R AT A, BRI (1 1 BRI AN AR, WA S5 g idid — R A1
AT RE

4.2 ETHIEIESHEF R PRI R B 1T 5E

ASCHET W ) — S AT R A G AN R A

(1) B2 3R N Y Re A S aF I MERE. A 0K NLPCC 2018 GEC IlZ:iiE 5
HSK “FATIERL (L 3.2.3 /N5 HEfTELEG, HSK PATIERSR BILIER “HSK 3h&/E X
BRE” .

(2) o 5 50 (B0 B M Re 5 AT (R BE o AT A T B R S A X AT T )
LA ARG E] (FIU Lang-8 SR4E) , ik Hodi i e s it il 8 P47 8 R o
(PR PSR A

4.2.1 INTHHAT R G IR S OGE TR S AIMERE) , 4.2.2 /NN EL
PG VXS LS (T IIF IR SRS -

4.2.1 ¥R 18

ARy Wi by T NSGBIES NG R REAR, R E S 4.1.1 /M R —2.
By 16 5256 45 Rk 4-2 s

xR 4-2 1) —LL Ui

(1) “phaEst” i NLPCC Rn{Uf#H NLPCC 2018 GEC JII% 4 (LGELE G




FAERZBAFMEAREFMILX FE29]

R A-2 By IR E R (BTN
Rl AR WHEEF RBREBEISZRE HBHEX HEX M2 Fos

NLPCC TITAN fp16-loss scale=128 36.89 9.19 23.02
NLPCC+HSK 1080Ti nofpl6 44.90 11.83 28.80
NLPCC+HSK 2080Ti fp16-loss scale=8 44.64 11.40 28.19
NLPCC+HSK TITAN fpl16-loss scale=8 43.12 11.67 28.02

JEit 1208721 AN FATE)FRE) , A NLPCC+HSK #F# NLPCC 2018 GEC lZi4E 5
HSK iERHfE S A& (EBRER EILTT 1354287 MIZFEAD .

(2) “IIZEE” N TITAN ERxET NVIDIATITAN V ilZ: ConvS2S CGEC ##
M, A 1080Ti K/nFET GTX 1080Ti Ik, N 2080Ti K~ f#i | RTX 2080Ti.

(3) “IREKZENGRE” +, fple Xona HIBEHREEIIZHLE], nofple KRA
Ja F (1080Ti & KA HFZHLH]D | loss scale A A K5 I ZRI WIUA I35 2 46 R 1

K 4-2 RIe 45 R

(1) @hf HSK BRI A B E G R R (Fos M 23 $27H % 28) , X HATH
BOABTT G, ARG SRS # 5 T NLPCC+HSK il £ ds

(2) AN[RIBEAL ) B -R AR A K PE I o0 B (R 1 RE A — 7 52

ASCAESEIG T FE P R B, MR RIAEH ., RIS % E (BENLECRFIRFED « A
[E B AL LA 1 925676 TITAN V. 2080Ti A1 1080Ti =3k & E3kE T ANHERIHERER I,
FRAROGE T — S A TR XTSRS CREETEASRAHD KI:

(1) AHFEECE R SRS AEANFR R B Fos (8 1 LN EIEEN, HARRE R IAFAEY]
BRE, MG RS NG R R, BXTHSER R TR — 2R, DIfIRSEE
REpR—A5.

(2) loss scale X PEREINA —E 520, 2080Ti-fpl6-loss scale=8 Lt 2080Ti-fp16-loss
scale=128 1At =% 0.1, TITAN-fpl6-loss scale=8 5 TITAN-nofpl6 455 JL-F—%, &
A S5 B SIS VR A R B ZR IR A R 4 T R 1 201 B 8.

(3) HH#ET loss scale=128, loss scale=8 <=k LU Sl JF .

4.2.2 BEEGE

H AR I W S 56 38 I AN [ 1 B M Rl G 208 v R R U i 5 B b i o K Y ) 0
(remove-long 5E56, 4.2.2.1 /N15)  Hbrim K B KT 1) A) X (remove-high 32
6, 4.2.2.2 /N9 AT H i EEAzE /N T3 ) 5] 7% (remove-low 5256, 4.2.2.3 /M)
AR E eI i a) K BN IR




FAERZBAFMEAREFMILX E30 ]

4.2.2.1 remove-long SE3&

remove-long SZ 56 Rl B0 A v B H bR R T BB A) X0 R By, i Xy
LU SO0 S AR RE, 2% 4-3 FIE 4-1 3 4 TBIRE IR 4E F I ERE R I,

% 4-3 A[A|BI{HE ) remove-long SEEGAS R (GET-I0iE4E, %] 1080Ti-nofpl6)
KA RME FEHER BE % M2 Fos

long=1000 37.63 11.22 25.58
long=140 38.35 9.72 24.13
long=120 37.61 11.50 25.86
long=100 36.11 11.18 24.98
long=80 37.00 11.06 25.18

26

25.5
=
& B
)
S, 24.5
LL
& ooa
=

23.5

23

1000 140 120 100 80

KA 1 BB

B 4-1 AR SEK A B XS Fos (B AFZIR (GETRAIESE)

H# 4-3 F11& 4-1 i g5 el UK IL:  BEAE BIE B> (long=1000 s A FR
KA, FET IS UESE R Fos {H AR I Je 3 XS5 N EAE, SR S5 25238 # A
B BRATAT K] Chollampatt F1 NgM7E £ i ab 21 i 38K KT 80 M3 )+, Ji 5%
(23150 # R KT 100 (3SR F, AHASCR I bR A) A BT R g EE T, Ry
ConvS2S A 4 N\ H) - 1K BE FRAN UK .

4.2.2.2 remove-high SE3&

remove-high SZE6H fil & 208 H B AR -5 P KB LR T BME I A X0 R Br, @il
XT LG SZEG A E B AR BRI, 3 4-4 T 4-2 4R 45 T RBULEISIE 4 F I PERE R TN




FAERZBAFMEAREFMILX E3 ]

# 4-4 ANTFEIRME R remove-high s236 45 8 (GETIRIE4E, F&T 2080Ti-fpl6-loss scale=8)

TR R{E iy BE=E M2 Fos
high=200.0 37.20 11.05 25.25
high=9.0 35.31 10.92 24.40
high=7.0 38.35 11.89 26.54
high=5.0 36.96 11.18 25.30
high=3.0 37.81 11.56 26.00
27
26.5

2

R °

0

S, 255

L

Q

S 25
245
24

200 9 7 5 3

W PEBIME Chigh)

4-2 high FIA FIBUEXS Fos (EIFM (G TIRIES)

MK 4-4 FIE] 4-2 B 25 RonT LUK I B BB %2> (high=200.0 Fs AR
EATR)FX) 5 FET IR UFSER Fos (HARRILH Je 1 K5/ RUE, HAR S e 225250 A
P2 B s B 3z K T 5 ) A 5%t . Chollampatt A1 NgUIE s Fl Ak BN B high=9,
{HASL &P remove-high FEANBEH He 1 BEFR T

4.2.2.3 remove-low S2I§

remove-low SLZEGE Fl-G R T H Ar S PR bl T RME A 0 by, @il
Xof b SE06 i 2 B AR AR, 2 4-5 A 4-3 4Ry T BRIZE IR E TR RE RN

MR 4-5 FE 4-3 (230 8E BT LURIL: 2 low=0.1 B}, Fos{HIAZIE(E, AN
g CRIBEAGE BB K, Fos EIEI KSR/ , WA SCESESL 0w b H i 5
P K KT 0.1 A 75 e T PATIERMEIEVF 2 M A FE AR, 198 B w2 AR
iy 72 PR AR I ) 50 Be A AR AR AU PERE, ST TITANV JIIZRH) ConvS2S CGEC 54!
FE SR SE E Y Fos B 28.02 (ANFEBRA)F) LFF% 28,53 (low=0.1) .




FAERZBAFMEAREFMILX ER]

F* 4-5 AN[FERER remove-low SEIGEE R (ETIESE, 2T TITAN-fpl6-loss scale=8)

BRRME RBHE AE=R MZ? Fgs
low=0.0 37.00 11.33 25.46
low=0.1 37.53 11.36 25.69
low=0.2 37.50 11.34 25.65
low=0.3 36.27 10.97 24.82
low=0.4 36.25 11.25 25.10
low=0.5 37.26 10.95 25.16
26
o 255
R
o
S, 25
L
o
2 245
24
0 0.1 0.2 0.3 0.4 0.5

EPERME Clow)

4-3 low FIASFIHUEXT Fos (ELAIRZM (HET-UGES)

4.3 ETFRHNET MRS MG HY P IR RE

ARSCEETF U0 B — LW R A S 5 O RS AR -

(1) BT ] SRR X I SO, Kbtk 7017 5925 £ CGEC 3%,
XA IR SCAEAT 731 2 R BOR VI 7o BBAh, S0l SRR B AR AR L) 3 FIR &
SAr] i L, R 3R] IR W] e IE 2 SINEA R RS S

(2) B A2 NMT A7 KHIE I R )3l R AR R 22 softmax e 05
ERMHE, FIREREFLR 2 3 WA 2y O0V token, ik A4 th A1 s A
<SUNK>HF5 b 2 3 EERESR K .

(3) RE T 1Y) 73 HORBEA RO NMT A3 32 B 28 W ia] () 1) @, {H BPE 7%
IR AR R 5 0 ) 5 HEAT 1] o

(4) DT AR G i A8 SUE S, P SO NLP AR S 7 U R AR H 4R




AR BAFMEMFRE AL 33 7
4.3.1 ETARIEHZRAF XA B Bt

S NLP A4S OB A 7 AR T-38], A/ N 33047 AS [ 20 1) A oy 5o B
S, SEIRZE R 4.3.2 /N

4.3.1.1 FRANAEFA YRS W 25 T R REY

2RI ConvS2S CGEC A1 5 4.2.2.3 /N low=0.1 FIiM —3, Mok BER:EH
R SEaG AR R

4.3.1.2 1R4R A B9 EFA YR ARG I 4 T SR Y

RO EAR R R R B R

(1) FEFLEE TR NG (2) Ik E<=3 FRHE, b
Je B S 1) YR AAR R 69677, H Andim iR AA A 655915 (3D il o A T4k
NFEBER softmax 22 4ud 2, BA7 G ARK, ok E —MumEdE = 2 a5 30 M)
T
4.3.1.3 FiRALRHIH BT ARS8 T ST AR RY

BPE R R I E IS (1) F TSI Za) 73, M BPE %
i BPE P41 (2) BB Iim AN H xim a1 AU 2 37000

4.3.2 NEIERAIERXTEL SLIG L5 R
R IR R EL SIS S 4-6 e, [RIRHR A B 2E B i S i 8
b AL L.

K 4-6 AFRIGNEBXT LRI as R (BT TITAN-fpl6-loss scale=8)

FERIBER R (dev)  FMEZE (dev) M2Fgs (dev)  M2Fgs (test)
ConvS2S+Char+Random 37.53 11.36 25.69 28.53
ConvS2S+Word+Random 25.45 10.28 19.65 20.01
ConvS2S+BPE+Random 31.17 11.66 23.35 27.80

# 4-6 1) Random FoRBEHLAIIG IR NFERE, HRIER 4-6 529045 KT LUK I

(1) T R AR AL 1 B 55 T 7 M-I 2, =8 R IRIAE TV R AR A R
HIA 43175355 CGEC 7 AR

(2)BPE 2| A5 AL ze I T 1] 4 sl (A 2 , 3 2 iR (R BPE HR BB AU v NMT




FAERZBAFMEAREFMILX E3M]

FUR S T2 L A i
(3) FHHIMBR T BPE ZAMHEIA, TR Yy BPE @RI T o
Sy, UL SR B A £ CGEC 1155
(4) BPE ZUHIHITERE 5 TSR BON B, # 4.4 /N FTIEML T BN ZRA0 A
[ B 5 BPE 21| K500 BT f 0] EE S 56

4.4 ETIONZRRVIREE R P R XTE B A M E

1 HANE AL ER U, BN ZR B ) EAE S AR TR = 2], B A
B4 MPLER B BATS . MRIE TP, AHECT BNV IR AR R, 5 FH 73
WIZRIiA 7 A Bh T4 THA Al BPE SRR M e, SATTT Ren 5280 T/E B B:AF
i wang2vec T & R Gi s AN RN [ s e LR SR Bhah, 2T I 2R S0 1 24
5 CGEC AW Fith iz Ho/b, TR ARSI T [l & (1 226 58 word2vec, & [14f
SoF VL ) R wang2vee FIZE S B 58 cw2vee, Y2k T 7M1 BPE 25 token fitk
AFTR (441N, 3BT sEEG (4.4.2 /N WRIEHR B A 26 T 751 BPE 225 CGEC
PR TR ZRIR A ROR

4.41 BETAEREEFEZINEZEAERAERANRT

AN BT =P ] B A ISR TR BPE 220 token IR AR, F4EHE E R
FCiERE 3.2.2.3 /N FTIR BT 7 U1 0 T gRy &, R SRR R 3.2.2.4 /)
T i EEAT BPE UlJr H T 1t 2k BPE [ & .

44.1.1 T word2vec JIZFF1 BPE BIE AR~

R BPE o a2 B 1 I ZRit kL5 45 R I EA-E S AR, R e amFE,
WA 2.4.1.3 /% word2vee T EL (I 44 AT Fnill Zidir &
Jword2vec -train wiki.zh.seg.txt -output vec.500d.txt -size 500 -window 10 -sample 1e-
4 -hs 0 -negative 10 -threads 10 -iter 5 -binary 0 -cbow 0
W Zram &8 E SN
(1) TRYIZRI 51 BPE a2 4E435 79 500, X724 ConvS2S A5 A i fith v A1 i
fh 3 token HJ R [F] &K /N4 500,
(2) i skip-gram #E7Y, F RTINS FE %A 10.
(3) HHGCRFE, FFEARZE N 10, filk T RAEI AT BIE BN le-4.
(4) i 10 NEFEFHAT IR ZRd FE, 22347 5 5ikA, i th i) m) Epn ik
A




FAERZBAFMEAREFMILX #3B ]

4.4.1.2 EF wang2vec i)IIZ=FF1 BPE BIH#R N R~

WZRH BPE s B 2 BR 1 ZRiEkHS 45 R M A7 AN, For g e ),
WeHE 2.4.2.2 /NTixF wang2vee T B B8] 51l Zkdn 2
Jword2vec -train wiki.zh.seg.txt -output vec.500d.txt -size 500 -window 10 -sample 1e-
4 -hs 0 -negative 10 -nce 0 -threads 10 -iter 5 -binary 0 -type 3 -cap 0
R 2 & R 4.4.1.1 /N1, HAMUA- BRI E
(1) fFHZ#1L skip-gram BIAY, X175 18] [a) & 5 2] SR AL B AU,  RERS HLF
A A5 B, o B BB R 1] 7] B
(2) NP R R RN, A B R BE G A AL

4.4.1.3 EF cw2vec YIZFF1 BPE BUER AR~

T ew2vec YIIZR7F A1 BPE R ian 2Bk 7 IIZRIERE 45 R A B O
n-gram f KA, HE5EeME, KiE 2.4.3.2 /N5 cw2vee L E A m] &l
Jword2vec substoke -input wiki.zh.seg.txt -infeature zh.chars.strokes -output
vec.500d.txt -Ir 0.025 -dim 500 -ws 10 -epoch 5 -minCount 10 -neg 10 -loss ns -minn 3 -maxn
6 -thread 10 -t 1e-4 -IrUpdateRate 100
ERTEA=0ESSSF
(1) FHIZ M FA BPE [A & 4k %4 500.
(2) 1A cw2vec skip-gram #28, F RTINS FE %N 10, WIdh5% 2% 4 0.025,
WE R 100 B H— 0 IR
(3) EHFCREE, FEAREBE N 10, filk R RFERIEIR(E %A le-4.
(4) M 10 NERFEFFAT IR ISR RE, 220307 5 3k, it A m i
A
(5) F&EEEFFIE A
(6) B Tl FRA G I i S JE BI{E 2y 10,
(7) WEZEH n-gram /MR 3, FIEZEH n-gram ;K KEi% N 6, BPE
[F1] £ R 2 ) n-gram g KK E N 9.

4.42 BT TR NEME A5 R f0eh S S B 3ot

I T RSNHAE 55 08 P B 1R B0 7 B IR &) 7 A P AT IR R, AR SO IR AT H b A
HRARNEER, SRR EE AR A7 AT Aa AR AT s i ) R AN FE R o




FAERZBAFMEAREFMILX $36 ;M
1. BEHAIEILER N XERE

k. A fairseq HINZRIIARS, AN H--encoder-embed-path Fl--decoder-
embed-path Z£ B0 1J .

2. E TNk EE R R R EY

HARRFERN
(1) P IR % ) o [F) B0, BPE 2% 03 A AL 1% 1Y BPE 1) &0, ix28)A)
O A R RS R
(2) A fairseq HIZRIART, 81 --encoder-embed-path F1--decoder-embed-path
Z:Hda E Yssm AN B bR A8 H K token [m) &304
(3) MR TRINGR IR AN R AR BILEA RN FE R, RN BETE f5 2RI 25 A 5 AR A
SR — [FIRE TR

4.4.3 BRNFEPEAREIR A RITEL LG 25 R
IR 7 TIN5 BRI N6 e (g ] B SE B 36 4-7 FIE 4-4 Fros, [RIES
AR 45 B 7E B F SR LRI R4 B

K AT FHAERIASF T AV NFE BRI 0 EESEgs (ZE T TITAN-fpl6-loss scale=8)

itk S ) M2Fos (dev)  M2Fgs (test)
ConvS2S+Char+Random 25.69 28.53
ConvS2S+Char+Word2vec 25.71 29.95
ConvS2S+Char+Wang2vec 25.89 28.39
ConvS2S+Char+Cw2vec 25.55 28.22

RIE 4-7 MK 4-4 LB E5 R AT LURIL, A8 T Z5RH) word2vec A 4] 461k
HRNFE B RE NS I B IR T PO AR R R () B8, T wang2vec Al cw2vec ANAEZE 720 i)
IR AR AL Ay SR PR 2 (LR MERE TR

FERBERAERIUEE ERRI SR EEONAILE, R o HU LA &R,
MRS G RE K. BT B ARRMAE m2 A IIESE, S CfE H m2scorer T
H Chttps://github.com/nusnlp/m2scorer) H1[¥] scripts/edit_creator.py il As KK 56 iF 45 M P
ITHEARE Oy m2 #& e A ECECT PRI N GBI S N T AR B e 4w dE, il
edit_creator.py JIAG 2 (1) ZF iR A2 A0, BT DLAS SC IR 55 28 S0 56 [a] B 4 2 AR AU 7
R UE AR A AR BRI, 2 A PRI LA S v . JESCH T CoNLL-13 Al



https://github.com/nusnlp/m2scorer

FAERZBAFMEAREFMILX EIIT ]

M~2 F_0.5%3 %k
23 24 25 26 27 28 29 30 31

random

word2vec

wang2vec

cw2vec

I

OF_ 0.5 (dev) ®mF_05 (test)

B 4-4 [ ia] A x5 G R Fo s {E I

CONLL-14 Pk GEC H:ZAF%%, i GEC 15— & #K% CoNLL-13 (iR 1E A
IE4E, ¥ CONLL-14 IR AE1E A I HEM A4 .

H T BPE QA RIPERE S5 A BN ERR,  H 2 BT — 2 T AR B R B T R 10
BPE [a & R4S+ BPE Zlii B IPERE, WA AT BPE Z4 IR0 15 AL ik N A FEAN [F]
WIUEACTT SRR L SEEG , BRZR JC 30 R0 R 38 55 1) BPE A5 g 7581 AT & word2vec 1
SR PRI R AR T, o b S 45 SR AN 2% 4-8 ATIE] 4-5 Fito, [R) IR 45 455 50 78 56 3iF A2 A
BN AR bR

% 4-8 BPE Z A i N AR B AN [ 4T Ua 40 77 00t B 86 (FEF 2080Ti-fp16-loss scale=8)

Rt i) M2 Fos (dev) M2 Fos (test)
ConvS2S+BPE+Random 23.59 27.99
ConvS2S+BPE+Word2vec 24.82 28.83
ConvS2S+BPE+Wang2vec 23.15 28.67
ConvS2S+BPE+Cw2vec 24.15 28.31

TRYE 7% 4-8 F11&] 4-5 1 256 45 5w LU I : 48 FH 19191 25 1) BPE word2vec 1 wang2vec
RN RN A AT BPE OB pvERE, {81 H cw2vec REBS T 58 BPE 2 B A
k. S word2vec 1R BPE 2 5 Kon B 4 g R g id word2vec 13 i 7 2%
BB, ASCAE 6.2.2 /NI T Zi@iERE 5 EHTF ) CGEC Hrids & A & Sk 3R B T-1A]
FOE




FAERZBAFMEAREFMILX %38

M~2 F_0.57) %k
200 21 22 23 24 25 26 27 28 29 30

random

word2vec

wang2vec

cw2vec

I

OF 0.5 (dev> mF_0.5 (test)

K 4-5 A[a)A [ &% BPE 2% MR Fo s {8 R 5200

45 KRE/INL

AN B EGHAT PR OGRS G, EORIRE 1 AR, RS T BRI 5
PEIRVEIRTIVERE, AR SR — PPk 5 G0 AR Gt R B Y 258 [ SOROW AR A, i ik
THINGRHRA LR FET AR RE



FAERZBAFMEAREFMILX E3IM
E5E HETERMMEHFRT AR B TR

YT ERE) GEC kAR T NMT B4, 1] NMT #2835 - beam search fihd Ak
FCH AR, X o RS A8 R 2 I R B A5 7 s 8] 1o BT A AT A TT IR AT
RO SRR, H NMT B 4 i 28 RS 28 I Zrdfe B AT 2503, GXmT g 33k
GEC B KD 28 N ZAE 5y, SUNARFEREAG &5 70 B\ n-best F1 & Hik £ 1) H Frda
HATREFF AR BT o 28 EPTR, X T 3CARRAMES S, KYE B AL NMT 5%
R n-best fi i BEAT BT 2 AR A D ER

HAFITVERI N H 2 FEURN RGE RS T, NS TR, ASTEXT 4
RUEE AR ) n-best fan H B FH ELHE P ALH], X2 Y S U RS RE S B 35 1R TT RS K
.

R SR T ERAERS 7718 (5.1 /T, B JE 3 =R X AR SRS Y n-best
W N HEA BT (5.2 /81D, B T A AR RS AN R AR R ) SRS B A

(5.3/N15) , BJERMARISLE RIS R (5.4 /M)

5.1 SRRHRRD T IERIA

SE RN & — P a1 BT RO IR T seq2seq HEAIVERERI HIE, B At B E SR TR
FE, FEHEmiiRATERE . BE T4 BB AD 1Y SR AR AR AL IR R A A -

(1) FE RN R E RS ConvS2S, #1781 BPE 0l B, ik AN AEFEBENLYIIG LR
T word2vec Tl ZRiR AR IR, IIZREE N NLPCC+HSK @l & iE Rl #5k H bri 5 5
S ELAR T 0.1 S ) 75

(2) WEAFMBEER 7, 5T ARG 2545 2] 2 SR [F 2 5
AR — MR 4 R R, & BB R BEALER 20 ol 1. 20 3. 4
g 1. 1000. 2000. 3000,

(3) beam search 34 & AR IS5 . COFE AT — > IF 220 B Tl i o =] 42 A DY A AR
BRI 2%, MWRAPIRE Z AT IBBUIRAS ;. @& ARAD A5 — 0 o1 B FH SO IR T8 3
FEHGAE, NG SR Y HT ARSI [R5 B R BCRAS BN softmax fii 2 @3 T-Ff
TP, K 2 AR 2w R TR o A SRS 35, S BT DD SR
VA R S 0 SO 6 40 4

(4) LAY, RFREE fairseq NLP FEfH 6 H 3T 10 2 MR T 42 A
FOEPRT, SEMPEgAERHES (9 7)) HTaE.

AN [ B AT A0 46 1 P B A R R 42 P ) 11 1 R o) B SR L 5.4.2 /N1 o



AR BA MR EF MY FAR
5.2 ETEHFIIFICA BT

G gD 0] 2% 1A) 2 ) 2 R AR LD 85 DI 0 B2 IR AN 45, 3 A2 DR DAy i i 2t D 5 i 380 5 o
BINA) T AN RS SR ], TAERSES 75— — A B H AR TS . NMT B4
AR ER AT b —AME SRR, I gh— MK 2R 118 5 R FR 2] T8O T/
5 i s R, SR H BT T AR PAT BRI A R G H R, X TR
M2 N AN 75

NMT 5575 3= BT H0 38 189 550 i AR A 28 VI G AN 78 20 1 I 8L, 437) a3 1 5 LT3R g
BRI, BT NMT B (1) SCAR St mT DA B B 3 s s TR e R, D Ge
SE2AAN Ren S8 ) I ZRAE R 48 1E A 21 T A 1A 5 CRIYR v AN A i AF 5] (9 5 750D
UbAh, Ge ZPLAHRH T = FhE TSl HR G 5 IR W 2 T2 ST . I 24k
Bk BE R TEBAI SRS (], A SO TR IR B, ROAR SO 435 ) E A
FF 77 1 R R R ARARG 28 I G5 AN 78 73 (1) 1) 8L

AN =R A  SOR RS n-best Fay S EHEF IR, 20 BN EE T g
HERERFIEN EO HHET (5.2.1 /0T BT IEFAEAFHMER LM EHF (5.2.2 /M
F[E S 7 S iRV E 515 S BUAERE I EO+LM EHEF (5.2.3 /M) , HETRTAME
HEFFHLE G 5 P OB AR, SIS TS 25 AT L 5.4 /AT

5.2.1 ETRiERIEFMEMEHF
5.2.1.1 JmiBIRIE4FIE

AMU LAVt P 4] F) o8 B 20 She A S N AT H A IR 22 53, DR U0R H A
it 1F) ) P G D B R A 2R (DR IE, AMIULGUC I 5 T G 08 B2 1 6 B2 A 12 S R B 1 T
BORFAE, AR N300y H Ay 1 i =5 OB« A AR e AR O A B, SR8 THA
SRR 2 55T A AT H b g AREE RS, W3R 5-1 FoR o /N AR R (R AR AL RENS DN
B RGSINBAMAE R (RIS 25 R S5 B2 AR BERD AT Tk R L4
MR A PR AR UM R Gt o SR ERVERE N R (RDRFEALERD) 6+ MERT
BOEBINAAR R . X PR ER X RTE 55 FIRRIE 5 8ME BRI 51N TT LR S0 R S i
P

7 5-1 BT token [ IE B9 S5 R HRAE 1L
I Hira)F LD D I S
VAV ViR ST Wl RI RIS AR ZEL 4 0 2 2
Sel 4l —1 FE . Sel 4l —1 K. 0 0 0 O




FAERZBAFMEAREFMILX FAUNT

% 5-1 1) LD %7~ Levenshtein distance, — AR NgmtEIE 5 D MR EAE
HIRE | ONTENEAE IR S B WA IR AL .

5.2.1.2 EHFHHIRSFHESS

FEHFHLEIE T X Bt (log-linear) HEZE, 5647 THF1E, X beam search fz2%
BFIE2E 1) n-best Z1I38 (n ALERTER) HIT5r, LI ANAT S, BHEIE T 1704k
m (5-1) iHE1EH.

F
score(T,S) = > 4 f.(T,S) (5-1)
i=1

Hep, A FRREFERE, B MERT FiENGER]  f RRISIERE; FONEHERHE .

Pl (5-1) B —LEi5i0T.

(1) 5 AUE AN B R AT 25 0 BOM G AR R AR RFAE (MR AE, IHIBR . 4l AN
B ERIRED 5 NN EO HAFT .

(2) AU RSN B AL 0 45 43 BOMTE 5 BAHE (MIRHIE, 18 S BAL 4
BB AR %, BAR W, 5.2.2 /N5, A LM EHER .

(3) 5 [A) I e P R o B R A0 8 0 B0 S R B3R AR AR AIE RN 0 5 A R R A, IR
EO+LM FEHEF

(4) BN ARRL 5 73 B RIS 25 01 B0 B bR 5] I BE VR4, N B84
T HOORA R (KRR I R 2D 2 TSR R0 A D RN

5.2.1.3 HIERIEFHEEHIF R FRIE

ASCHET nbest-reranker T2 A, (https://github.com/nusnlp/nbest-reranker ) X 88 X 45

BU n-best 4 H F12 B FH EHE P LA o B T dm g R AR AE 1 EHE P A2 R -

(1) 2 FH n-best #r ML . &% & fairseq [ interactive.py f--nbest 2% A5 o 5
n, AESARAS A B i beam search B 2%} A] 25 (1) n-best 1% .

(2) g 4. 1l “O” M “H” FrE M interactive.py 4 H H S B Ui i
NI n-best 4 H K FL Xt 7 0 e A5 70 L) s 43 40, K i i 4% 503 A Mosesl781#% 5, Moses
Xk 5-1 s

(3) ZREUFFAE « nbest-reranker T EL 1] augmenter.py I ASHH ¢ 1 2 30 Bl 2k 5-2
B, J8E- ZHERICGE () B, @i E-f S8R e H R ERE, JF
PR B R 1) =P gm i R R E 5 N H-0 838 E ST, S S g R & 5-2 fr
TNo

5

(4) YIZREHT 7745 - nbest-reranker T EALHY train.py JHIAAH ¢ i 2 20t B a3 5-3
B, dEid-i 28080 (D B, r WH TR E 5w, Bid-m S50 E


https://github.com/nusnlp/nbest-reranker

FAERZBAFMEAREFMILX Fa2 ]

O ||| HGeMBIc L ||| FO= NMTHLRY A% 25 734 ||| NMTAS Y gt 5% 73 %k

LA O [l ZGfE i 2 ||| FO= NM TR ARAD 52 43 4 |[| NMT RS2 i i 52 43 %%

n-bestf
0| RSB % Hin ||| FO= NMTARE Y AL 245 7355 ||| NMT AR gt i 2% 73 %
1| RGeS L ||| FO= NM TS ff it 28 43 5 ||| NM TR 2 i fish % 43 54

L|[| 2 ZefE e thin || FO= NMT AL ARFS 2 45 4 || NMTHLE A2 5245 %t
Bt { m | S4B 1 ] FO= NMTEUIARI 8 40 4 | NMT BU % 24 S
n-bestii m (1| R GE B Hin ] FO= NMT R A2 52 53 Bt || NMT AL R 52 45 5

5-1 Moses &% 2 =

% 5-2 augmenter.py JEI A< 241 B

Y4 EP
-s ok--source-sentence-file (@NEgcoet 3 bt NGBS
-i B--input-nbest % (2) B 2K Moses % =i
-0 Bi--output-nbest HHREIE ) n-best i
-f o} --feature % feature ZE X Fit #4515 H)

0| RGUER#HHIL ||| FO= NMT#S #5435 EditOps0= #D #1 #S ||| NMT/i#R% 2% 53 %

F14s 0 || ZGeAB vcki 2 ||| FO= NMTA#HD 384> %1 EditOps0= #D #1 #S ||| NMT##HS 2843 %
n-bestfi

.6'||| FZ YR B Hin ||| FO= NMTARRD 2350 %1 EditOps0=#D #1 #S ||| NMT fifthd 2% 7> %
1| ZGef st L ||| FO= NMTAERD &% 7021 EditOps0=#D #1 #S ||| NMT ffid &% 7 £

il||| RGRE A Hin ||| FO= NMT RS 2% 7> 31 EditOps0=#D #1 #S ||| NMT#I5 4% 5%
Hm+1 m Il 4B (| FO= NMTHE 284050 EditOps0= #D #1 #S ||| NMTHEIS 284050
n-bestéi {

}{{ Il &G 3k Hin ||| FO= NMT/#hS 28 5> %1 EditOps0=#D #1 #S ||| NMT fifthd 2% 7 %

5-2 BT =R A RAEIN n-best %4 ks 3(

TERCE R B N SAIEAE Y M? Fos 23044, i --moses-dir i & Moses 142 . AL
i train.py AT MERT SOEUIZRIFEALE, MERT S0 A4 X R A5 bR AT
BCEBAT PR, HSZPK B Moses T E 8 (https://github.com/moses-smt/mosesdecoder )
(5) RFHEHAFILH] . FET nbest-reranker T B[ rerank.py A, 5 (3) 145
BIRVRFE 2 BN E (4) D453 2| FRFIE B EE AR A Y (1) n-best % it 4T BT 43, Ko



https://github.com/moses-smt/mosesdecoder

FAERZBAFMEAREFMILX FEA3 ]
Bt = WA AR S RO

% 5-3 train.py A S $ ik 0

P4 & X
-i B{--input-nbest FHARFIER nbest i H
-r o{--reference-files AR m2 kS g
-¢ o¥--config W=
-0 B¥--output-dir frth Hsx
-t B{--threads MERT Il Z5H il FH P 2k R 4
-a B{--tuning-algorithm ¥ F FUACE L, ARS8 mert
-m B¥--tuning-metric WA EE R, SCHF bleu F1 m2
--moses-dir Moses 1 H i) #6415

5.22 ETEASREFENEHRF

H T GEC A & — Mg B4R THIAT 55, WU AR AR AL RS 25 n-best i HH 1
TR AT EAT 7 ReARTHPERE . LM B HE 7 2 TAMANE 5 AR 08, 8 R e A
Gt S BT EAS B s B 0015 S A 4. B bR ) 0 TR EOR R G A Y g
RS, K n-best HHEST 4y, IEERAS 5 B A TR AR R .

ARATHEALH N JCIE F A KenLMUTHE 5 #2458 T 24 (https://github.com/kpu/kenlm )
FE 5 MY R 1) AR

52.2.1 %t N TiESHEE
1. RS N TTiEEEE

SR T E AT P, B token FAIMIECAMER, WX (5-2) Fok:
P(S) =P(wW,W,,... W)= p(W,)x p(W, | w,)x...x p(W, | W,, W,,..., W) (5-2)
Her, S AT {w,W,,...,w, } A token 751,

30 (5-2) N FHRAH AL, @aeize #RIT T UKL, B 2ol %,
FEEERZAR IR, RENZGERH RIS A7, % (5-2) iHERBE KN
0. EFBEMIEATEAE KA TYERURAME, HER R M2 PR R IE4E 80 2 S B RE T %

I/ ERCAT DAAT RO R A R e HE B R, T2 AT UEF N-gram 15 5 B AR AL A)
THEE, N-gram A5 RS % B S A IR A 7, 2 4ERENLAS R 2 |6 i (N o)
AT . N-gram 155 HAIET N-1 By SR af %8, ey riE R 50 N-1 A4



https://github.com/kpu/kenlm

BRI EAE AL SE ST %44 T
token 7 5¢, JLHHELIAEFF SR A T OB N3t (5-3) BT

P(S) = P(Wy, Wy oo W) = [ T, POWE | W yogs W) (5-3)
Hr, {w,w,,...,w,} A token J¥51; n Bl N-gram [ EE .
2. WIERHESTREE

B TIE SR IEATES, N-gram LM BRI HUE Z b, 2 ARE i B4R
Tt ARSZ IR T YNZRioR S, O 36 1) 1) AR IRAPAE, R 2R AR i 7 v
WA IR SR (R B L.

s T EnE i e R () M, PRSI HESR, A ME 2R 0 A TP . KenLM
FETAE K Kneser-Ney (KND P S8 i g B e 4 6% 1) /L, A2 2508 KN 9% 2 B Al
BRI k2 —

3. BERENY

N-gram & 5 #8450 B0 B &) 7 H 25 N-gram 55 B 755 20 26 R ER 200, N-gram LM
SEERA (5-4) HEER

Im_score(S) =g P(w,w,,...,w,) :iZ::Ig P(W, [ W gy W) (5-4)
Horb 1g 7R LA 10 NI B0 2
5222 KenLM iE5 R TRES
1 fHhESHEESY

KenLM E T2 KN i B THE S M SH, il 2488 g LM 12k
R, HlZhan & N:

bin/Implz -0 5 -S 60% -T /tmp <train.txt >5gram.arpa

W Zxdn LI N

(1) % &E-03%, Y% 5-gram i 5 AL,

(2) WHE-SZH, 155E KenLM ZE & 1] 60% ) N AF2 ] W1 2R 73 FC Y A 4722 1)
AG, KenlM 2 B PAT R TR R S HF7 .

(3) WH-T S8, f&Eitmp NI SCHAE U2 .

(4) KenLM BRI MR EER A SEECINZR3E R}, AR N\ 3E [ oy S V) ikl . 4%
TV MIANZRF ) LM, 3230170 23 M 2538 2 0 ()38 5 1AL

(5) KenLM ERIA 2R &5 b th 2 brikdm it HbabRefa t 5 5€ 7 2] arpa Jo 48 H) 3¢
4. ARPA #[A[iE (backoff) N-gram LM [17fi#E0, &8E N CHAANGAE, WEIE




FARAXBEAFMTAREZMAILT ]
I N-1 GBI T 2501 35 LM RE1, 77465 DL 10 A SR MR () %) B M .
2. BIF

WZRE R R U0 T BIE R N JCH N LM R B o BRI 34T B4, dlid--prune
SHAEREBIRNLS], ERRER R — RAAE TR (im0 112) , FAHTX
RL—ABALE N Jedl (B s — ANyt 2-gram) B ETASSCRF IR, i

BN BRBEN 0, RN &G — T2t A shih e 215 & A2 N-gram.

W

3. Tk

FT binffilter ATHATREF, EFRTINASE I SIS SRR, R EINAE LM 23St
ANFE) N-gram M LM R .

4. _{E1k

A LU A bin/build_binary ¥ ARPA #& 216y — il ag =0, 25 1 1R I ik 8 3. 25
YD AR (RIS 1] . KenM S 47 7 b 2 28 1) — 3k ok e «

(1) probing, BRFRIMIMGA R, n-gram [ 64 LrMEAEAE G, WEERIENE.
Probing 77 S FE &, H &2 NAESE .. ERIMERS probing.

(2) trie, BPATZM . Trie TMHEDNAF, HIHHE LM 708818 —L,

5.2.2.3 NZFRHH 5 THITTESIRE

WNEEFZ 5] 5-gram LM F BARGRFE N :
(1) #% 3.2.2.3 /NP 43 | Bl b SOERHE 73T Y1 7
(2) $#5.2.2.2 /MR H KenLM 1%k 5-gram LM, IIZkar44: bin/lmplz -0
5-S60% -T /tmp < train.wiki.char.txt > wiki_zh.char.5gram.arpa.
(3)#% 5.2.2.2 /N5 T f# F bin/build_binary L ¥ . #ir4 4 : bin/build_binary
-T /tmpltrie -S 6G trie wiki_zh.char.5gram.arpa wiki_zh.char.5gram.binary.trie, HH#5%E
Itmpltrie AEE SCHFIAFE 3%, TR HET I 2 243 H 6GB W17 [H] (KenLM £ 1% 7
D, fax R BEE SN trie CRIE TAESS WAFAUN 16GB) -
A2 1 ARPA #3725 5-gram i 5 A8 K /NN 19GB, trie 2584t — ik #1] 5-
gram & 5 AN 5.2GB.

5224 BRATFRIESRESHK

ACHET KenlM K Python BEE )51/ LM 4340, BARBIRA:
(1 JET KenLM Jin#k trie &4+ — k4% 17400 5-gram 15 F 5141, 15 2] model




FAERZBAFMEAREFMILX F 46 T

S

(2) ¥H) T4 57

(3) @ik model Xf 4[] score J7EA M AT 1) LM 434 A)FH LM &0t Han
X (5-4) Fiw,

5225 BRI EHFREFRIE

5 S BRI LS B-gram 15 5 B8 BRI H H A1 (1) token 20 H, LM EHTH
BARGAEYE EO EAFRONEELL, Wk FiR:

(1) J3H n-best F L], [7 EO HAFFME (L H.

(2) Wi, [F EO EHIFHIE (2) $.

(3) FREUSAE. i B -f 28045 & augmenter.py 1A {6 i S B AURAE, 35K
SRELEIIBE A LM HFAE S N -0 S804 € ST, i SO ias X an &1 5-3 B

N 0|l ZRGefE &4 L ||| FO= NMT/#fis 4% 4> % LMO= 5-gram LM 4% WordPenaltyO= - H #x4) 1 ffitoken3 B ||| NMT /A5 2% 73 %1
i 0|l ZRGefE &4 2 ||| FO= NMT/#R6i5 4% 4> % LMO= 5-gram LM 4% WordPenaltyO= - H #x4) T ffitoken3 B ||| NMT AR5 2% 73 %1
n-bestéi

O Il 5 Kb in [ FO= NMTAZS 554 LMO= 5-gram LM% WordPenalty0= - Fl 1 0 T-ftoken i H || NMTARER 2845 %
1| ZGefistian L ||| FO= NMTf#it #8 5r 3 LMO= 5-gram LM 4% WordPenalty0= - H #x4) 7 [fjtoken H ||| NMTfifhis 45 43 £

1|1l G e thn ]| FO= NMTAEED 34+ ¥ LMO= 5-gram LM4-% WordPenalty0= - F 560 F ftokenXc H [ NMTAEES 34 ¥

Hmel m Il R G d4i i1 ||| FO= NMTEFS 252> % LMO= 5-gram LM%t WordPenalty0= - F k7] 7 ffitoken¥t H ||| NMT @RS 2% 7 %t
n-bestéfi Hi {

m | Z A &4 Hin ||| FO= NMT#AS 255 % LMO= 5-gram LM 4> %¢ WordPenalty0= - F k5] 7 [fitoken ¥t H ||| NMT fift % 73 %

B 5-3 Hrig i LM RFAERY n-best 4 A% =

(4) YILEST /8%, [F EO HHFME (4) B,
(5) MNHEHEFHLH]. [F EO EHEFHZE (5) D,

523 ETHIBRMESESREFINERRF

FERTER EO EHHERF (5.2.1.3 /M) A1 LM EHEF (5.2.2.5 /M) AL E, A0
THBATE IR, PR T OO R AR n-best H H 51E B EO+LM EHEF L] EO+LM
FHE A AR R GRS RS AE, S RO AL ARAD A8 0 B = PP R i
PEVPEURFIE (IMIBR . 3R AFUE BB RO FIPRFIE 5 BBYRFAE (5-gram 15 & 154
Iy BORIREHEE ) token 2LH ) , EO+LM HEHEF K BAAFAES EO 5 LM EHFRCA
FAL, BAESE (3) Difilid augmenter.py JEIAR SR = Foft i E 15 A AF AL AT 9 18 5 S Y
FHIEFH BN, HAPIER EO 8 LM EHFT .




AR BA MR EF MY FATR
5.3 ETHRAMRSMEHFRYF LA BB

EHFHLFIER T n-best Huth 2 b, S a] LS SRR HERT sl i AR 4G 15
AP TR BN S AR RO ARG IRE L N B, T R R T, e DU AR
THEM SRS

Xt BB HEWT Y n-best fayth N EHEFE, PERESRTIIF AN G, IXRE AU IET 41 5]
FRARTERE BTG bR R A1 2 R BE IR B I RS B 5 N Bt B A TR bR s R O R . T
AR RES BETTT R G HEIAR, SO/ N TR AR SR RIS 7% (5.1 /N A
HHPF A (5.2 NFID MGG FE 5T 5 A AN S HE A 6 SO B SR T,
R EHEFP LR I SR U5 1K) n-best fay it 2 E.

B R TR HE W AT EE HE e (0 R SORSW AR S SR L 5.4.1 /NS, kB i AN EE
FP B PR SORO AH 9 5 0 L 5.4.2 /N

5.4 LRIt SERDH
5.4.1 ET RRAHERTANEHERF B XK B SR HE K 288

AN TR NG FEA R AT E4T7 T L s288 (38 4-7) RS seae 45 8,
Re I IR AR R ConvS2S+Char+Word2vec 34T B HEF 1 o o6t bL Sey,  oh b sizii 45
RNk 5-4 Frow, et HAENNRE R ER I .

54 ST BTG A R HSEe CET R

EHHEFPHLE BE  HEFE  M?2Fos
ConvS2S+Char+Word2vec (single) 46.50 12.36 29.95
ConvS2S+Char+Word2vec (single) +EO 37.43 16.17 29.64
ConvS2S+Char+Word2vec (single) +LM 39.51 17.66 31.67

ConvS2S+Char+Word2vec (single) +EO+LM 39.50 17.68 31.68

X 5-4 1) —LE i B«

(1) ConvS2S RN BFAEF i N 4% ;s Char om0 FIAR X R
Word2vec 3753 T il 2k (1K) word2vec 7 A BRI AR R N FEFE .

(2) (single) FRIRHRABIAIHENT,

(3) EO R/nH: T4 ERHE R AT J7%; LM RoR L T8 5 B AURHIE 1) S A
J¥; EO+LM FIRFE T YR EANE SRR H AT .

PRI 5-4 (15258 45 SR v LU IR -

(1) =FMEATFHLHI S FER RANIREE TR, RN EERIA R,
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(2) EO HFFFPARRERTT AAERIHERT A TERE, X R VLI RE 2 T BT AR
PR R IR KT A B SR T AT ARl R A 2, SAORG B2 5 N S RS FE X n-
best % tH #EAT E AT 73
(3) LM EHFFREA RARTT SRR R, ARECT EAHERT, Fos 0BTt 1 1.72
(M 29.95 #| 31.67) -
(4) EO+LM HHFFMHET LM EHF B KRR LT E 27T, Bl EO HRFEH 5
AFEARLIEREN LM EHE 71 K R A .

5.4.2 E TR EHF B XA BRI HE XL

5.4.1 /N3 PSR HE KT ) B HE P 0 gons B SR SR B, X USSR HE T () n-best H
N EHEF, PERESRTH IR AR, SO/ HEAT 56 T8 O A 1) S HE P 4 5o P s
%, R EHE AL T AR RS Y n-best far it 2 E

5.4.2.1 BiEREEE ConvS2S+Char+Word2vec BHE 5 016

AN AT 4 BRI RS, B ConvS2S+Char+Word2vec (fk 3R
A-7 RIS R, HONVER St I B, BEALECRE 720 i 1. 24 3. 4. 5.
6. 1000, 2000 13000, %:T TITANV SARVIZR%& AR, % BRAR Y AN 48 Bl i 7 1
WAE ERMERE R BN 5-5 FiR.

% 5-5 3T ConvS2S+Char+Word2vec [142 B i %of bb S5 4 51

BELEF T FEHR ABZE M2 Fos
FET TITAN V JIZRI1) & ALY
seed=1 46.50 12.36 29.95
seed=2 42.81 11.23 27.40
seed=3 4557 11.91 29.11
seed=4 4354 10.92 27.25
seed=5 44.84 11.07 27.84
seed=6 45.02 11.54 28.49
seed=1000 46.01 12.11 29.49
seed=2000 45.03 11.33 28.23
seed=3000 42.41 11.58 27.68
AR T7 2 B b

(1, 2, 3, 4 49.63 10.76 28.81

(1,1000,2000,3000) 50.56 10.76 29.07
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#4:3% 5-5
(1, 3, 6, 1000) 50.36 11.24 29.69

H1# 5-5 H S8 45 e aT LR I -

(1) FERURID R BRI R, AE R RS —EfRE T,

(2) RAEHET seed=1 MJHABLAY, AN[H 7 UM 4R UMD 32 R RE B/ P g3 25, 1H
TGRS T BT, WO/ NIRRT DU A Y £ R AR A 3E AT B8 HE 7 19 5 % L
S

(3) AN [E FEALECRD T 146 4 1 B T B 2 M e 22 S K, MR RE S A 1) B s Y
(seed=1) M TMERERZE AT (seed=4) Fos 3HERTF T 2.7 N (M 27.25 3
29.95) .

KNI HE T AR 5-5 (SR ie 45 B AL T DU B A 41 s AT i3E 4T EHE PP 3 0] T SR,
XF EESRBG R 45 SR AN 5-6 B, R AR By AR b (0 1 RE R I

% 5-6 FT ConvS2S+Char+Word2vec (4 ens) [HJEEHER 5 0F EES2By CGRE TR 4E)

EHHeF L e AEFE M Fos
ConvS2S+Char+Word2vec (4 ens) 50.36 11.24 29.69
ConvS2S+Char+Word2vec (4 ens) +EO 41.30 17.63 32.56
ConvS2S+Char+Word2vec (4 ens) +LM 44.34 17.07 33.61
ConvS2S+Char+Word2vec (4 ens) +EO+LM 41.50 19.08 33.60

X% 5-6 [ — L1 B .

(1) Char E/RF- o IR A

(2) (4dens) FTox 4 BAIEERLEND

MRPEE 5-6 g0 245 R mT LUK I :

(1) AT 4 RV RS, =FhE P L5 ae W R B M g, LM EL A
FFAOLT EO EAFF, EO+LM HEFF5 LM EA ek d8hs JL-FAH I .

(2)ConvS2S+Char+Word2vec(4 ens)+LM fit. - ConvS2S+Char+Word2vec(single)
+LM, BDERXHEE ARG IR n-best 4t Hh S B HE 7 ISR O0 T8 T PR R HERT (Fos 734
$&Tt T 1.94, M\ 31.67 ] 33.61) , IXIE 1 JodbAT 5 UMY N Y AR 2 A L

(3) MHET 4 BB RURID, LM EHEF I 9R FRON BB SRS 14 13.29% HIAH X
PERESE A (XT3 F 3.92 A1, M 29.69 # 33.61)
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5.4.2.2 HEREH ConvS2S+Char+Random BY4E & 3014

T AT seed=1 FJ AL, LT ConvS2S+Char+Word2vec [ 4 Hi 742 R ff it
RAEIETF Fos 708, WA /NN B R B IR I b AT 8 — P IR &R o BT IR FEA
[FEARIaE AT R EE SRS (BR 4-7) B SRR gh R, 25 i8R N6 FEBE LT 46 A0 R
PR BRI TR LU, BOA/ NI B B e B ConvS2S+Char+Random (Random 7w
BEALHILE IR ANFERE ) o % B R ANER i 72 AR b IR 1 R R I AN 3R 5-7 T

% 5-7 3T ConvS2S+Char+Random [RI4E Al ARG T L Sz i 45 5

BELE AT ik HEZE M2 Fos 733
FT TITAN V YIZRA PO SRR N8 R fidE i
seed=1 44.38 11.75 28.53
seed=2 45.15 11.39 28.34
seed=3 45.02 11.29 28.19
seed=4 44.97 11.41 28.31
(1, 2, 3, 4 50.31 10.77 29.02
T RTX 2080Ti I 2R DY A B RS AN 48 il s
seed=1 43.56 11.59 28.07
seed=1000 45.95 11.75 29.04
seed=2000 44.05 11.40 28.01
seed=3000 45.25 11.27 28.23
(1,1000,2000,3000) 49.26 10.59 28.47
BT DR bR I i 1) FRASE AR ) B2 s e

(1, 2, 4, 1000) 51.31 10.96 29.55

13 5-7 (15280 4 v LU IR -

(1) SERRARID RS W E R TR R (BB RIRSE —ERE TR , HmiETt Fos
L

(2) FHELT seed=1 HUBARERY, “ (1, 2, 3, 4) 7 4 BRUEERRARIGIRTE T 0.49 (1
PEREFRTE (AN 28.53 %] 29.02) , XTFENLEF T4 A5 1. 2, 3. 4 FIVUAS B AL ik AT
B R AR D A A2 1547 PO A

(3) MIH T seed=1000 fyHLMAL, “ (1, 1000, 2000, 3000) 7 4 A&7 4L f% i Ll
RAEHUEMEREIN S, XN seed=1. 2000, 3000 =/ MEAIMERER 22, £ ARAD S 5]
2 T seed=1000 HAEAY [T BE
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(4) AHECT seed=1 ALY, T« (1, 2, 4, 10000 " PYAFE bz e ) LA
TIMEE ARG RS T 1.02 (PERESRTE (AN 28.53 31 29.55) , X K HHAE AUffAL BE A AdR
THE BT ) 1 i o

AN AR TR 57 BSEIR 45 SREE A VU AL AR il A A5 HEAT T P 3 5ot L S
X EESCIE R EE SR W3R 5-8 From, R BB AE SN AR 1 i RER I

% 5-8 F£T ConvS2S+Char+Random (4 ens) [ HE 7 5] b szge GE T8

HH LS R A EHR M2 Fos
ConvS2S+Char+Random (4 ens) 51.31 10.96 29.55
ConvS2S+Char+Random (4 ens) +EO 39.76 18.73 32.47
ConvS2S+Char+Random (4 ens) +LM 44.72 17.52 34.12
ConvS2S+Char+Random (4 ens) +EO+LM 44.48 18.06 34.41

MRHE R 5-8 B S50 25 F nl DL I

(1) EO+LM HAFIELT LM EHH A, LM Hf 7 BE 00T EO EHAF .

(2) F# T ConvS2S+Char+Word2vec (4 ens) +EO+LM (L% 56) ,
ConvS2S+Char+Random (4 ens) +EO+LM kG T it — M REIR T, Fos 245t
$E7+ 0.81 1~ (M 33.60 F 34.41)

(3) FHELT 4 BEBYAE A fiRDD, EO+LM EEHET 1Y 5 1) 1 SO AR R 3R 15 T 4 16.5%
(IR T REFRTE (L5 2T 4.86 405, A 29.55 #1] 34.41)

5.4.3 ARIPXEIT ARG EEEMRE LA REXTEE
AR EIN AR S T HoAh A SR X 2 4848 NLPCC 2018 vl MR 4 btk fe i,
nE 5-9 frx.

R 5-9 AR SCR ARG ERENR Y GE TS

RGAR BHE AEZE M?Fos
Z T — S SR R Gt
BLCU (4ens) 47.63 12.56 30.57
Youdaot?”! 3524  18.64 29.91
AliGM[28! 41.00 13.75 29.36
BLCU[?8 41.73 13.08 29.02

PKU 41.22 7.18 21.16
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#:3% 5-9

AL 5.4.1 A1 5.4.2 /NI LI ST R 48
ConvS2S+Char+Word2vec (single) +EO+LM 3950  17.68 31.68

ConvS2S+Char+Word2vec (4 ens) +EO+LM 41.50 19.08 33.60
ConvS2S+Char+Random (4 ens) +EO+LM 44.48 18.06 34.41

X2 5-9 (1) —LL i B«

(1)Youdao A/ 545 i NLP [ZBAf¥) NLPCC 2018 CGEC L AT 45 7t ZE il 1h 77 & .

(2) ALIGM i B EE NLP [ PA I3RS 45 B4 .

(3) BLCU Fdtuiif & K& BIBAETFIA L AT H2 5 4547, BLCU (4 ens) Atk
FRAE WG AR B AT R BRI S 30 25 S PE4> (R E BLCU M LEZR IS0

(4) PKU NIRRT EIE A 5 O RS 154

HE 5-9 AI%1, AZSCIE) =S SORSN RGBS T8 SOTA 7%k, Hr
ConvS2S+Char+Random (4ens) +EO+LM SAfS5r i, ‘e A% T NLPCC 2018 GEC
WAL EEMRRTT R (RELFN Youdao) , PEBEMXTHRTE T4 15% (4axf#E Tt 4.5
AN, M29.91 B 34.41) , MECT ZHTH) SOTA Z55——BLCU (4 ens) M REAXT$2
T 741 12.6%, (AXHHETF 3.84 A5, M 30.57 #) 34.41)

5.5 ARE/NG

2% B L TR BRI A B HE 1 0 P SOROM AR B B PR e, BEIR T AR RSO AT AT =
Hey 5k, SEIma RRN], RS S EA P A G RA L ER), H=MEH %Y
RE I PRI R fE



BREBA AL FAIE X %53
F6E ETZREMESEHFIPXXARBEHRRT

T R E A T RO ) A R, T TR ) AR AR ) B A RO R TR A
Bk, ZMIERG T B AL E ANFEYI R R, DU A A [ 2053 1

8 G BN 7 B BPE O A ity R 1 SR PRk o BT 2 B R & 5 EHEP
TR B SR = A TS IE A RS & A F R IRAIE S, B ARMELR LM %
ik R A 2R 5 1) 2 it A R AT EAT o, SRRSO B R AR ON R S
.

ARFLEEE 4 T 5.2 /NI LA, FEA R RIS B SEpefifhs . n-best fi
HAE AP EEAT A IF, SRR 2 IEIER SRS, 6.1 NI T EiERM & 5
FPHEZR, 6.2 /N T8 AN R G0 R AR, 6.3 /N5 A RN LSk 38 70

6.1 ZiEmEmESEHFRN

SR 5 R A S AR (1) S0 AL T I
BRI, IR SRR nebest Bt s (2) RAUIEHTAIF
BRI (3) THUFAIE T AR LM R ETHE A5 A 2 it
EAT5, A BRI TN RGN . SN 5 B4 6-1 5.

6.1.1 ZiBEFUNEHF

ZBIE TR ML, M2 fI M3 =ANTGETE, Z4 0 AR B

(1) MLEENEEFENRRANEEE (CL , CRHFIRIE R

(2)M2 JBIE K M1 J8IE %0 H #%4 BPE 41 B ik A\ BPE 2 IR AL (BL),
X BRI B RN AR AT LA R4 & 74 A BPE iSRS, R Je il 74 )
AR G A ) R, FEIE T BPE 200 AR B R il VB 5 B AR 2%

(3) M3 IEE S BPE &AL (B2) , AUHRI AR 1E &

(4) FJFIENAS[F L IR A B B 55 34T FH R GO0 ) 43, il C1 i &
it “1-best fr i ARER” A1 “Ei BPE BEL” FLIEA Bl H.

(5) =i ﬂF%%&Mﬂ,ﬁ%E%%ﬂ$%$ BEMR B M R

(6) C1. Bl 1 B2 fyfaihi# 4 n-best 513, XAEH RITTHNT R G4 H I 2 A
P, dET R R A R, MRS R

(7) B1 1 B2 3L 4 ANAFRIFEHLEFD T HIE6 0 BPE il AR

6.1.2 REHEN
AW T A5 miE R n-best fith, BARRRED R HIR:
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Char GEC (#1)

MLIEIE ]

Char GEC (#2) Fairseqfi 1% N-bestii

Mosesi FAHL

Char GEC (#3)

fHdE

Char GEC (#4)

,,,,,,,,,,,,,,,,,,,

o
o
m
[
m
(9]
&
=

o]
el
m
®
m
9]
&
N

1-bestffi HHEEL

T BPERH

it wi RE
23Tt ReUl [ -
N-besti i o itis it

Fairseqffi th %
Moses f#% i H

BPE GEC (#1) !
I

I
I : [reoRevars
BPE GEC (#2) Fairseqifi i 7 M3k )
FHEBPER ™| Mosestis &b N-bestif i

BPE GEC (#3)

g

BPE GEC (#4)

N J I\ J
v N N

ZIBIE TR A R HHE AL

K 6-1 ZiEIER G5 EHF I E

(1) HmiEH s, WBIE “O0” M “H” Fr & M fairseq NLP JE 1)
interactive.py FI% H A HRECIR 546 N Y n-best %67 H Kz FL6 S AR G AR TR A 2% 0 K,
AN IE % R 20N fairseq 4y Moses #53, Moses # X 4n1& 5-1 s

(2) I\ Rl B, W18 mE %8 — BRI a I, BT
R T) e A 328 A HH Of 7 T 8] — At A\ ) 1 o

6.1.3 EHIFAEH

AFEIE 5.2.2 /NG SRR AL EHE P U5k, BRI T AR AR TE S AR Y
=Y, ERAESEA L) T KA ENL, FER 5.2.2 /MTH) LM FHIEEHER .
NSCHF 6.3.2 /N RN R B VAR LU SR, AR B HE P 4L AT L AR JE
W0 R e A HE PP A IE SCHF IR 6 b HE AL -
(1) T NMT fifhas 7 By EHE,  BIAUHRBUR O AR A fif i 25 70 206 n-best #i
HEIT 77
(2) BT BRI RLER, [F5.2.1 /N EO FFIEEHEY .
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(3) EFEFRA A EHR, BRI 5-gram 8 5 AL THE A A7 PP
Xt n-best fay i AT 5y, A TP BB S A 8L HibE N (5-4) PR

(4) FETARAEE SR B EHY, Rl SR Bz R R E b e,
R TR A B B

(5) FTEFHAREREHEY, [ 5.2.2 /N1 LM FrE EHE

(6) J TG AR AEAIE S AUFIE A EHE R, [/ 5.2.3 /[T EO+LM EHEY, H
i R BOR A% BT AR HELL

A BB SO AR e ik T AR A TR S AR AR IO B HEY AR O LS
(I 6.3.2 /N5 RWIHA T H A EH P HLH .

6.2 AREIZFRH BRI IRE
6.2.1 FRHBYPIXARXIIRE

A 5.4.2 /N EHEF X ELSL6 % ConvS2S+Char+Random (4ens) T M1
T TE R RRARRD . FRHE 5.4.2.2 /INTTEE UMD SR a0 45 R (3R 5-7) #8200 IR
R A ConvS2S+Char+Random (seed=1000) , HRE Y 4Ha kg fif N HE B BE W LA A 16 1) 7
T BTG RS IR 2%, BEALECR T 2 1000, T2 50 IR0 BRI FH T 6.3.3 /N ()
HAFPRAARXT ELSEEG

6.2.2 FIRIZR A AR XHHREY

TR BPE 2l B AY i N BEAS RIRT a6 4k 77 =00 L S BG R SEER g5 1 (3R 4-8) LA
Wi BPE 24 ALK B )y ConvS2S+BPE+Word2vec, LT Filill 2k i) word2vec
BPE [ AL R AR B

FANT 5.4.2 /N5, AN ET A F HIFENLECM 1)1 5k BPE 20 IR B8, H
TAETREE AT RS . B AYE SR ConvS2S+BPE+Word2vec, B HLEFI 73
BN 1. 20 3. 4. 5. 6, BT TITANV YIZRe B2y, A I7E M REE F it ek I
R 6-1 iz

%% 6-1 ConvS2S+BPE+Word2vec A7) SAE Y (14 fe 2 20

BENLER T K% £ [E & M2 Fos 7340
seed=1 42.58 11.61 27.76
seed=2 43.18 12.64 29.12
seed=3 40.54 12.80 28.28
seed=4 42.06 12.91 28.97
seed=5 42.01 12.90 28.95
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43 6-1
seed=6 41.74 12.64 28.58

ANFHT R 6-1 HSEe gl BRIk DUA RS g i3t 47 S HE Py 1 a0t LS g, xt
LSRG 25 R UNSR 6-2 FoR, sk e AT IFE SR HE IS B vERER I

% 6-2 H:T ConvS2S+BPE+Word2vec (4 ens) [EEHEF R om0 b szad G TR 4E)

EHEFHLH R AEZFR  M?Fgs
ConvS2S+BPE+Word2vec (4 ens) 49.39 11.90 30.31
ConvS2S+BPE+Word2vec (4 ens) +EO ¥FAF+LM 451 41.56 19.33 33.79

AR 6-1 FIFR 6-2 LI 45 3, % ConvS2S+BPE+Word2vec (4ens) FI-T M2
1 M3 I E LR R, B2 BPE 22 AT B AR 28 5 ConvS2S+BPE+Word2vec, BPE
2 RS B RUAY T 6.3.3 /N I A AR AR AR L S2 B

6.3 EWIFITEERSH
6.3.1 NEIFITRFTRGHIEBEXTEL

ANTEHRAE A E SO RS 7E NLPCC 2018 JEAEIIR 5 e R, 13k 6-3
FR

R 6-3 AP RGEREMR Y GE TS

RGAR BHE AEZE M?Fos
) — e SR R4
BLCU (4ens) 47.63 12.56 30.57
Youdaot?"! 3524  18.64 29.91
AliGM[28] 41.00 13.75 29.36
BLCU[?8 41.73 13.08 29.02
PKU 41.22 7.18 21.16

55 5 LI R S I IR SORSN R R
ConvS2S+Char+Random (4 ens) +EO FHiE+LM Kk 44.48  18.06  34.41
5 6 TSI PR R4
M1+M2+M3 (4ens, n-best) +LM HFfE ChrvfEfk) 4820 1851  36.49
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# 6-3 MBI

(1) AL SR R4 M1+M2+M3 (4ens, n-best) +LM H-E (hrvEfl)
FHAS T 26 T B WP B I I SO RGeSO T it — D 9T, Fos 73 BRI XT 32 T2
6.1% (ZaXfHETt 2.08 1> ki, M 34.41 3 36.49) .

(2) AZSPH P CRT R MEET NLPCC 2018 GEC JL5AT 45 e Al v )5 &

(RGN Youdao) , TEREAEXIHET T4 22% (X2 6.58 4~ ri, M 29.91 %I

36.49) , BT ZHIMH) SOTA 45— BLCU (4ens) VEREFIXHZTH T4 19.4%, (4
PR 5.92 4N A, A 3057 F 36.49)

6.3.2 ANREEHF G AT LG

A/NTHAT AN [E A 5 0 B SR a, = AN TRINGEE ) 5 SR AR RS, M1 EIE
WE % 6.2.1 /NTTFTiREH ConvS2S+Char+Random (4ens) , M2 1 M3 JB i [¥) ¥ & %
6.2.2 /NTi firidi% il ConvS2S+BPE+Word2vec (4 ens) , F- @il N M EEik.
ANF AR FP I ERT L SEER 45 RN 6-4 o, i e AR e B4R b i)t Re R I,

% 6-4 ANFIEHEFP AN E S

5 TREBIGEH EHE  HRBEE  M?2Fes
1 M1+M2+M3 (4ens, n-best) +LM 2% 26.35 23.69 25.77
2 M1+M2+M3 (4ens, n-best) +LM 3% (AanEfk) 28.34 26.17 27.88
3 M1+M2+M3 (4ens, n-best) +NMT 4% 52.64 11.91 31.26
4 M1+M2+M3 (4ens, n-best) +EO RHiE 40.19 20.38 33.65
5 M1+M2+M3 (4ens, n-best) +EO KFE+LM KA 41.46 21.46 34.94
6 M1+M2+M3 (4ens, n-best) +LM RHE 4531 19.24 35.65
7 M1+M2+M3 (4ens, n-best) +LM 4F1E (AaHEfk) 48.20 18.51 36.49

X 6-4 H—2E Uil LM pHCERR TR SRR B EHE, LM 30 (BrifE
W FoRFETARMEALIE SRR D B EHEE, NMT 283 T NMT f#hd 2570 201
HHY, EO FIERR I T iR E AL AT, EO $FE+LM LR R EE T G 4R 57
TERTE S RAARHE R Y, LM SR IERoR 2 B SR AR EHE, LM RFIE (B
L) ORI T ARUEATE 5 BRI B HE R

MR 6-4 [SEan 4l Rn] LU :

(1) LM $5E (Bl BT HAME AL, AHET LM R AEEHEr

LM FFAE ChrdEAl ) EHEF BEE— B3R THERE, XU B 1A SCHR B LM SRFAE ChrifEAL)
HAR T IR A R




PR B AS MRS E SR $#58;
(2) 1852 B8KMst, LK 6 55 7 S4MMx LR, BiE S5y
Koz h) TR BEARUEAL e N B HE T 7 SR IE R3S
(3) T #BE I N SR, @18 54 5 1 n-best % H 7T B A1, &8
ZARRHT, TRAVKIT LM 5 EHT (155 2 S48 8UszE.
6.3.3 AHIRARITEL SLIG

AN IE I LA AR X B S A6 1 B A5G R AR RS AT n-best it 006 B,
RS AR AN n-best %t 06 B4 ) SR IG 45 R UMK 6-5 o

%% 6-5 LRI AN n-best fi o ZEVE (1) B0 IE S5

AR BrE  HEZE  M2Fos
M1+M2+M3 (single, n-best) +LM $FE (FrifEfl) 4112  19.27 33.52
M1+M2+M3 (4ens, 1-best) +LM 4FE (hrifEfb) 4935  14.04 32.84
M1+M2+M3 (4ens, n-best) +LM EHiE ChrvEfk) 48.20 1851 36.49

XHR 6-5 (2L Uil . single Ron# @ IE Iy A ARHERT, 1-best Ron#iBIEHI A
b Y o RN R

R 6-5 (LI L R KW -

(1) HiE Y W AT PR R HERT 2 3 SUR IR 0E N B, BEIM T2 Fos 70 8002
BEA, XR WA IE Y 0 S R Y e 2 2 PR TR W, X 2 il & 5 AR AE
2R F AR AL E

(2) FIEIER A a0 R EE RO e 2 T B0 R B 2% TR, 232 Fos 70 LR
F IS, XARYIRIEIEY S M n-best fith BEA RSSO R gt ) 2 R, 1T
FRIT AR, WNT2EEREG S B FERGE AR AT LB,

ARNATIE @S I TE AT EESEER UL, M1, M2 R M3 X =N TR TE ] T A &
SR 1 2 BB R A5 B T SOOI A T AT AL B, SRR A R ANE 6-6
o

K 6-6 JHIEYRMXT HL SR

R Ry BHR  AEZE M2Fs
M1+M2+M3 (4 ens, n-best) + LM F-iF (FrvfEfl) 48.20 18.51 36.49
M1+M2 (4ens, n-best) + LM RHF (BRAEAL) 46.90 19.04 36.28

M1 (4ens, n-best) + LM FiE (kL) 46.34 15.96 33.57
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X 6-6 [ULIGLE R, M1, M2 f1 M3 =ANFiGEE &8 2 A LB, M1+M2 4
BFAUEH M1 B ERA Fos 70 B3 BT, XU M2 J8IE 1 Y BARE A i 2
BT

6.4 KB/

AERT ZWIERM G5 B DRI ORI VERE, A 1 2 i i
HHEHRRMA, WE T ARZO RS, IO LESLIR R 7R T 2 mIER S
S EHE 0 SO TR R, AR ARSI R W & AT R R L



P B A F MR E F AR 28 60 T
SRS

AXTIERS

b5 GEC JLEAFRS5 28T, ATFUNSRIERIAI NN AR 1 R AT, SCA H Sh R AHE:
%2 ENBRZ TN RO . HHTIREE S 2IE NLP SUEAR 2] 1T 2 R, HLAEY
PRAL SIS T — RPN e, XL ERIE A A 0 N 0K seq2seq NMT A58 57 FH 3|
GEC {55+ AL F TR TAR K vrwkin T -

(1) FRALFEI ZRE 4 A SEIARHEVE RE VPl 771, THALPE NLPCC 2018 GEC H: =A%
SNGREE, BHENRIPATER, TG SO AR, AL PR 4E 5L [ R s
BE Y143 5 BSOS T 25038 1) B AT N-gram 8 S AL, GRS R Sk A B
iR TREATEY) Sy, B E 7 MR VP A TH FROWAT S5 AR HE AL 84 -

(2) B R BERAT 25 BIPE T, & H—Fh 2T 52 0 0 A6 A7 G AT O 265 11+ SCRE RS
Hm iy RINGPATIER, B Rk R )70 RS TN 25 0 5 ) ST 46 A 1k N 5B R gk
— DRI VERE . BE Y G ELSEER R W, [ B 2 LR AR AT B R AR
HsRBIAMERE . BBV L SLIG R B, U8 H b K Bz /N T U R ) 0 B A AR
FETHERE o AN R o) AT L S8 Z W == 2 Sl i D) 43 K BEAR 1] R AN 1 3m) 2l o ik
N AR T7 SATER A 0] b SEER 22 B, s FH I 25 ) word2vec =) & RE 05 A5 A2 T
FRONER I RE -

(3) R — M TR A = HE T B SOCAR BN 7, AN GEC %
RUEE AR ) N AN dac B4 tH S H B HE P AL, 1@ 455 GEC B AR AL &8 70 Hi. XL
XTS5 ) e AR R AR AN T T S A 8, PR NS RO REY) N A f Mg e i HH
155, 300 B A7 RN N A R IS o AHOCSRaG 45 SRR W, L uihs 5
HANTF WA S A VIR, HBEAFHLE G EE A SR

(4) R —FET ZMEME 5 BT ORISR 7. ZlERmES
HHET AR G TGO 1R GO RSN AL, Jd i = AN E A A A A R Z IR
A5 2, & TNEIE Y BB AR SRS IRt N ANk, &5 X RER 2 EER
25 RS PR LM RrfE B HE AT 0 ik b R . SEIRZE RN TR T 218
TERA 5 B SO R A R, AR AR SR 6 3R B S AR R L B

AEIIERE

KK TAE:
(1) AT LASEARAE I H A Y seq2seq HRE7Y 4L Ha) R e P SO OGBS AL, 20 LSTM
seq2seq Al Transformer A7 %%
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(2) FIRETE RN GREE . AL 4.2.1 /N80 3 BB v 3 &2 1P AT I8 R RE
BERTIERERE

(3) I E IG5 7%, Edunov SELOME 1) e I B B R OB A BT AL A8 B
i, Ge SRR H = FhET 6 5550 GEC {145 i B H2 T2 2] ik

(4) ACHTF N-gram & S EIE SHA L w7 P E  RNNLMBO,
AWD-LSTME5, AWD-LSTM-MoSPBULE 2 ) 25 15 5 A R ek LM A G EHE T4
F.

(5) AW ZimiEmE 5 EHTAMIUEH T NMT 444, nr L2l 2L T4
HERH GEC A FIET SMT fI&fF.



FR B AR LTS ST %627
it

SCEEL, FIRMB A KIR A AR E ) AT 1. [ = A AE
B, ZOEHE Bk, ZFRRFERR, REN TES, AR 7K.

U AT T AL Il R E 2 | AL S N ™, 1 BREE 2= 2 i kAT
F23], AL B 7RI S AR R AR S AR . R I
ARICPF L N, AT T8 AN AR ESETT 5 UG SR Rk 7T . =2 AR 3
FAR BRI, SRR R B — E LRI R A B4R T, BEIEHuR
P25 | (RN PR B BT M, X =5 SR i R S 45 T I3

IR ACEEY WNETT R, AT B K 2 4h RS, BIEUE OAIL 965
SWIHEBTC A3, EIRAA IR IE S I B AE, (B B3 S AT ORI € [ B (1 75 o,
UTRATT— B LIRS R 5% 52 A8l o

KA FE K HRUE KA 7 H 2, RAFTE RS S A H N
AR, SURMTRHEIERIR A EF, (8RR AUEEE /1732 1 42T o L J5 XA
b, BRIFUE=FG T 7 RIFZ E O EARE L.

SRR I A A /DR L BSETRE L SRR AR B AERKAE S IRIITAIR,
RBNERERNEWE .

RS = M R T RS SRS KRS RILERY. =
LR NETESK S (NPANE S 7= 3 A1 Ra ot i - QU P e (i = RS =R

USRI T E T, M SLITAH, I 5 Dk 1 A B AR 2 S

SRR U B A I R - BRSO  FRARe R, Y148 Z S R R R MR
SR S ON AR T R SRR K S A

a2 B ST B D A A T, R URATT R R B

=
=
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