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Japanese Writing Support System

with Fast Grammatical Error Correction”

Hiroki Homma

Abstract

Grammatical error correction (GEC) is a writing support method for language
learners. In recent years, neural GEC has been actively researched owing to its
ability to produce fluent text. For example, Kiyono et al. used Transformer, a
powerful neural machine translation model, to achieve state-of-the-art correc-
tion accuracy. Because the neural model can see the entire sequence, it can
correct errors with long-range dependencies; these errors cannot be corrected
by a statistical method that uses n-grams.

However, considering the application of GEC in a writing support system,
we must consider how to handle incomplete sentences. It is easy to present
the GEC result when the user finishes writing a sentence. However, in case of
an incomplete sentence, the user will not know how to fix the sentence while
writing it. If the system can perform GEC correctly for incomplete sentences,
the results can be presented to the user. In most previous studies, complete
sentences have been evaluated, and the performance of GEC for incomplete
sentences has not been researched.

In addition, there is a problem that inference speed is slow in a conventional
autoregressive (AR) decoder of a sequence-to-sequence model. Considering the
application of GEC in a writing support system, a slower inference speed would
restrict its utility or lower the usability of the model. Gu et al. was proposed a

non-autoregressive (NAR) decoder that speeds up inference time by outputting

*Master’s Thesis, Department of Computer Science, Graduate School of System Design, Tokyo
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all tokens simultaneously. Following the success of NAR models, Levenshtein
Transformer, an NAR NMT model that iteratively deletes and inserts inputs,
was proposed by Gu et al. Its usefulness was verified in machine translation
and document summarization tasks.

Moreover, fast GEC methods with sequence tagging using an NAR model
have been proposed. Awasthi et al. was regarded GEC as a local sequence
conversion task and achieved high-speed GEC by using an NAR model that
iteratively adapted editing tags in parallel. Omelianchuk et al. was performed
NAR GEC by repetitive tagging of editing operations on each token of an input
sentence and achieved higher correction accuracy and faster correction speed
than in previous studies. However, these methods exhibited good performance
by narrowing down the target language to English and preparing the editing
operations as tags using language knowledge in advance.

In this study, I focus on the NAR model as a method for high-speed GEC. We
perform GEC in Japanese using the NAR model that does not need to prepare
editing operations in advance. I analyze the proposed method considering its
application to writing support systems. In particular, I analyze the relationship
between the correction accuracy and the inference speed, focusing on incomplete
sentences, and evaluate the impact of hyperparameters on NAR models.

Furthermore, in this study, I constructed a writing support system with a
grammatical error correction function and confirmed its effectiveness. Specif-
ically, the trained grammatical error correction model was embedded in the
back-end system. TEASPN, a protocol, and framework for the writing support
environment, was used to construct a Japanese writing support system with a
grammatical error correction function that can be used with existing editors
such as Visual Studio Code.

The structure of this paper is as follows. Chapter 1 outlines this research.
Chapter 2 describes the related researches on grammatical error correction.
Chapter 3 describes the proposed grammatical error correction model and writ-

ing support system. Chapter 4 describes the evaluation experiment of the gram-
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matical error correction model explained in Chapter 3. Chapter 5 describes the
evaluation experiment of the writing support system explained in Chapter 3.

Finally, Chapter 6 summarizes this research.
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HENYy ZJZYRICEEHEZIET, 7B LY FTRE N2 MLEITS 720D
HEPETNERI T IREDR R RZ L WHRELRH 2725, Ny 7z RlT
1oz L7

3.4.2 70O0YFIYRDERE

7Y LY FOERBEX, FAT74 VIXERERFEB T2 a0 rar ki
L—2ALY—2T®% TEASPN [i0] Zf\W/. Z® TEASPN XS5BT 2 —
NEeLT 4 REDEELE T A2EHAZEE L DTHY, =74 X ETa—
PN T B ER D ETIERER 2 IR 3 2 50U % LA Z12AT S5 Z L D3 ARET
H3B. TF 4 &ZIZ1Z Visual Studio Coded % F\7=.

7JRY MLV RO AT LT, 2—F0ODANEZII T, Nv 7 Ry
AT LTERBL, N 7TV 2o BLEITEX 22—V IR RTE. =74
ZAD ASHHNZ TEASPN Tf75. 727U, ZBHINTORERITO 20, ©
T4 REDTFRIEITTLICHERLTBL. BRI TFR P e R ITS
T, 7TFAMDBEFAND AN, ZRLUEDTRXTOITOT XA N2 HEAN Y
JIVRIRATLICERBTEZI RS IR TES. £, 2—VPIETIEXER
T 2L B, XERZRRT L, MOEFBDDDO6 WSS, EEEFRO
BIEZFHOTIEDSEEI, B TORIIENAREICKRZ L WO RERDH L. FI T,
AN FTIESTx U CEIEHEE 2 W TR EE 58 %2 KD, R— &%
BADED L TR#BT 2. 2O &, N TV IpoZELE =2 bXh
XV, b=2 VB ToO—RE RS Z 2T, MEWIZ, ELWAEIEFTT
DETIEZRDZ e BN TES. Fiz, A —BEMEKET 25853FDHT—DD
FIIEE LTHRT 5.
EROFTEMROTEREIZK 3.2 12RF. K 3.2a 3R D FEAZRRLTVWSK
T, ETADMRD LBBELLERZRCTRTRLTWS., ZZTRETAY TE

§h‘ctps ://code.visualstudio.com/


https://code.visualstudio.com/

ID_00X > O_tutorial

= tutorial_03 X

= tutorial_03
BiRic, BIRICSBOENRIRD O ERRERAT
UTFRIEDBD HRENZXOBICRD X T,

i, BELTUARZONEFETT,
MH) ICIRVWERD S I DR TWET,

C OfiiFTiE. BMAERD 12 &1l L BT,

(a) 38D EFFOHIT

= tutorial N2 X
12 words
ID_00X
May be a grammatical error
X: ...l BEWUIAIRZOHF. ..

0: ...l BEIW[ZE]IRZOHEF...

BAY

Bk BLHUARBONEE TS,

Y IKRWERDSIDhTVWE T,
C O, SRAIRD £ &ML MR T,

(b) FTER DR

¥ 3.2: FEERD IR D 7T IE DR D TERB

ZRIREAECAYITTIN?
*
BABOEAREETS,

X 3.3: SR D ATIEDAEROBEH TR (FEERA X >)

123 OB T2 ZSGRAD LML, $RL T3, X 3.2b IFFT ERE IR
LTWBKT, Z—¥DREDEINICH =V —N=%1T52, ZDXIIEER
MRREND., TZTIEFETAD 123 %2 T2 IETELTWS Z e 2Rl TW
%. %7z, FIEEFORBERBICT 2720, Hitk 5 XFEMHETRRTE IO
LTW5.
ATEREROBEHAHEN N O0EET L. 1 2HIEK 32b DRy 7 v 7DH
TWZH 5 TQuick Fix..., 227V v 7 F23ETHS. 2 OBIFETIERDIERICH —
INEBEML T2 a—hy V2= ANT2HETHS. 3 20HIFK 3.31
RT &I, FTERDRICH—V LV EBE LT ZICRRINDIBIERREZ V%20
Vw73 5HETHS.
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3.4.3 JRATLICFBTRIERDETEETIL

KD ETIES 27 2121F, HABABEENE WL E %2 HAGERNESE HE] IE
LT =X THEE L= a— AR ET Ve WS, IREFIRERDLT AT
LI HERRR LAY e R IR R = 2 — Z ABMBIERE 7 Vv 2, ZOmHE L
THQEG= 2 — 7 VEHBERE 7 v 2 22 il A . ARIFFETIZIEE CE
= 2 — Z UVEEMBHER € 711 Levenshtein Transformer [7] Z#H L, B[l
=2 — I VMR E T NVICZEEAAA =2 —F VY b7 =2 [21] ZERHL
7o. TNHOETILOFMEARETANS. ZHEDETNDIERD FTIECHT
5 AN DIREEFER L 4 ETIT5.

Levenshtein Transformer

Levenshtein Transformer [7] 1%, 2019 fFi2 Gu HMER L RIEKRIEZ1T 5 IE
HAlBG= 2 — 7 UEREBERE T AL TH 2Y. BEMEIER X X 7 & XHEWICBIT %
AR SRS TREREE T WS A, KD ETIEICE 1T 2 HHEIERKREET
H5.

2 DE 7 VIE Transformer [3] 70 v 7 Z EANLERERLE L, FHXUIH
Transformer 70 v 71252605, £ LT, HIRDEIRE 7L — AR VX 5HE
w, b= nHERERD, RN LT =2 Y OHIBR, #HAZIEIESMF TR
DIRLATS T TXRAERT 5. IR, RE L 7 m KR RIERIERE R CLLR]
CRICHWXOERTDH 5. BAIDORETIIHIRBITONT, ZDORINTT L —R
RVEZFHAT D ehota 5. HIBFRDERES N —27 Y 2HIRT 2085 0%
HHL (AL TER =27 YDRDIELIRDBBIEENS), TL—ZAFL
RO E ORI 2, =27 VAT E20BPESIN (ZHICEk->TE
BT b =2 Y ORMBEBIEEN D), =27 Y HBIIED T L —RARAL X%
FEREO =7 VICEEZ L. DD, HIBRDEBIIL S =2 Y OHIFR, T —
ARNEDHEIRE =7 VORI K D b= Y OMARKHITERDIELITO Z
T, “AVFEXY T 1 MEZENE L OO 2T 5.

T TIE B2 ECHEIFESF A (partially autoregressive model) ] LFEATWS A, Fa—
FERRICE F—27 v 2RBICHENT 3 ET L TH 2720, AETIEIEACHFE T L FESR.

11



B RETAEEIULTOBYTHS. 27, I ZREHO7Tuvy 7h 6L 31k
RBIXRD X517 5.

RUHD D pD

{ EyO+P0,Ey1—|—P1,...,Eyn—|—Pn, =0

TransformerB;, (hl(()l)7 hgl), o ,hff)) 1> 0 (3.41)

ZZT, ERUVPIX, ZhEnt—2 Y ROMNEHEDIAATDH YD, TransformerB
¥ Transformer 70 v 7 253, £/, yo My, FZNETNFAGBKRIKET 2R
THA =2 THE. K, 2OT7a—xH) (ho,hy,...,h,) XD, HIER
TR VARV EGHE, b= v BEERO XS IATbN S, HIFRDEE
softmax (hi -AT) J(i=1,...n—=1) 12k, RN DD =27 iTHL
THIER (0) 2oR%f (1) 2o i EZITYV, HIBRZITS. L — ARV X 5HEHERIZ
softmax (concat (hi, hiy1) - BT),(i=0,...n—1)I&D, IXTOL+—r ¢
=27 OBIZBWT, FNFIUIED L — AKX EHFAT20% 0 ~ Kpax
THEL, WET 28RN —27 U<PLE>ZHAT 5. T 2T Kpax 1 1 FEFTIC
MLT—EIZHATIRAKD b=V BTHD, BEANICETVORXDRAKEL
L 255 A SN 5. b —2 Y58 softmax (h; - CT) , (Vy; = <PLH>) IZ
D, IRTOREK N —27 U<PLI>Z ZNZNER Y OBERIIHHEL, BT 5.
ZZT, A, BRUCIIRED B VNIIREOHEDRITTE T 7 7 A BRI S
B7DDITHTH 5.

BEEAAH=Z21—FINEY RT—2

Chollampatt & [21] 1% 2018 FIXZEEAAAL Y A—KXFTA—KX=a2—F )L
Iy V=T N EAWTHERDETIEX A ZICIDHATY S, HHIFHEEEIC
B2 ERDEEO— BRI F~v—2 T A M7 —XTH 3 CoNLL-2014 [23]
MO JFLEG [24] T, 4RORFHDOMREZZER L TVWE. ZOETNIELY I —
X Fa—XOBIIREEFET 2DICBARAA= 22—y b T =T WV
THD, 2017 FD Gehring 5DBEARABL =2 =Ty T =% T F X MR
RN U 75E [25] ITED W T W 3.

12



£45 FESEBETILZBWIIGERD FTIED T

4.1 HERFHBTE
4.1.1 F—2tv Lk

HBF—R AT — &, FHliT— X I2i& Lang-8 28 E 0 — % 2 [26] HED B
DxE W, BFT— &, FHiliT— X 121E Lang-8 223 #H a — S ANDFEEHH I
X UCERIIEEBEZ T 72 ECRIEXEZNELE L2 Y —ViRT —& [27] 2 Hw
2. ZOF—&Z Lang-8 FHE 2 — R AT EENBE[IEUTHRT /4 X
DIz, TRTOXH L THEEOZRAIMESINTED, FHliiCERATH 2 L
HFRFCZ 3. 7—XORUESRC T —XDENIART — X 2R L HATHHETDH S
INLS [27] 120 Tz, T—=RDOXBERANITRT. FTIEFEBIIFEEDO 1 X
N 22BIXOBEE®RTS. 22T, #E7T—XICELTE, 1 20FFHEDX
W L THEBOETIEXXB 5 SN TV E5E, ZORTIEXDOBDT -2 LTHA
TW3,

4.1.2 JEBCHRETIL

AL TIE, Transformer X—ADIEHCEIF=2—FVETILTH S Leven-
shtein Transformer [7] Z Z D EFXERDETIEICHEMA L7z, ZZEHEANYy FHA X
% 64,000 F—2 > & LT 300,000 BEIEH L, BFET—KIIHFT 5 GLEU xa7

KAl T RO L ETEER

A& X RTIEEH
¥ETF—% 1,093,633 1
FFT — X 806 2
A 7 — & 663 3

13



[24] DEbENWT ARy JDOET N EEIR L. ZOMERENAL =0T X —=&I135k
ITIRGENCHE o 72, FEIWIEIRH I N TV S PyTorch "— 2D a— F*Z W/, K
BTz hllfEk, AEFNL%E Levl ETIL EFER.

BIZ, PR T —XONOEEXZHCREIKFET VO NICEZHZ -0 %
LevT OFEFAEET N LTHEE L 6. " 8—=RF X —=&KiZ LevT ET L E
Atk L, BCHEETZMVIEXRECHAT2ET L 2MA L. AFRTIEZHL
[, RKEFT L% LevI+KD E7 L& FER.

F 7z, FATHFIC BT 2 RARERIERELR 9 ETEBRIMTHOATW S, L
AR D ETIEIC BT 5 RIERIEREBUC X 2 HREOZLIZIHE TR W, 2079, mAKR
ERIEEIE 2 ZE L7256 OMERE S 51 L /2.

4.1.3 HZBERETIL

ARIFZE T, XEEDFTEDOEHELICFERZE L 72, Transformer N\ — &
DFELHBRL TEEREAAA =2 =T NIy NT =TI R=-ZADFETH 3
Chollampatt 5D F ik [21] #_—2 54 > & LTHA L. B3GR
VAN FH A X% 128 X LT 100 TRy ZETHEFL, T —2i1cns
5 GLEU Za723&dEWnwt Ry Z7OETILEZEIRL. 7, Levenshtein
Transformer & &2 MIZ 2720, HIDV Z U F 2 73 fTbRIPo72. ZDMD
BRNA 2R=0%F X = RIIFATIIRIHE - 7z, FEIZIEI N ET N TW 3 PyTorch
R—=—Z2Da— RT2HW=. AT AL, AETFL%E CNN ETFIL LS.

*https://github.com/pytorch/fairseq/tree/master/examples/nonautoregressive_
transiation

Thttps://github.com/nusnlp/mlconvgec2018
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https://github.com/pytorch/fairseq/tree/master/examples/nonautoregressive_translation
https://github.com/pytorch/fairseq/tree/master/examples/nonautoregressive_translation
https://github.com/nusnlp/mlconvgec2018

414 b+,=o21

TRTOETNVIEBOVWTANT XD =2 MLERD X 52707, %7,
NFKC RX— 2D FIERUL 21T o 714, & & L THARE 25 a— <X UniDic?
(N—=2a3 220 ZHWVWE MeCab¥ (ON— 2> 0.996) & HWTIEBREAC
Db HFEZXZITI. RIZ, BRBEEFEICHLT %729, Byte Pair Encoding (BPE)
28] ZWHL, 7V — FHRACHET 2. Zobx, FRECM EETIEXHITEE
grHE L, FEEY A XX 30,000 FEL T 5. FEHI2IT sentencepiece™ & W 5.

4.1.5 HEHEREDFA

HeemE E OFHHNILL T O & 5 RBETITo 2. FHEMIREE L LT, GPU ©H
W3, Intel® Xeon® mt v ¥ — E5-2660 L CTEIEXE /. JGHRKED AT 3 —<
YRAEMBID, Ny FH A X% 1 XIREL, 1 XTOUEEIT- 7. FHRX
Python 38D time €Y 2 — L ZHWTITo 2. X DFHCE, b—=2 L2175
HIEREDO 2 AI L &0 6, ERDETIERRONDIE > T 2 ETDOT AT
rrnay 70 e 1 XOHRHE L LTHk- 7.

4.1.6 SGERDFTIEDFTIEREDFHERE

SRR D ETIEDRTIEMREDFHEI R E & LT GLEU 227 [24] RUHEAR L HH
ROMBELIWRZ S Fos Ra7zHwiz. Fos a7 %KD 372D HFED NS
JiX ERRANTTT 2 {#H L CHBITITo 7. 72751, ERRANT I3HGEHD S 27
LATHYEEMFEHTERVWEYD, SiElFmz VRV S ICREEMZE T 5E

INFKC X —= 2D FIEHYEIE Unicode ER{LO—FTH D, Unicode O H IRz L FHN 53 L 72
&, IEHEFMASCTHNCHEE RS 23 FOIERUHETH 5.
§https://unidic.ninjal.ac.jp/
1Ihttps://taku910.github.io/mecab/
IShisest v U OB S SO, ATEXXCHIZ Y 77 — FHANC L8 175 7228 GLEU Of
BOTPICTHLMRTH o727z, Wflle b4 77— NEAIT b —2 MLZATS.
**https://github.com/google/sentencepiece/
TThttps://github.com/chrisjbryant/errant/
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https://unidic.ninjal.ac.jp/
https://taku910.github.io/mecab/
https://github.com/google/sentencepiece/
https://github.com/chrisjbryant/errant/

# 4.2 {E TV OETIEMERE D FTH

EFL GLEU @E&%R HEE  Fos

CNN 73.3 0.159 0.225 0.169
LevT 72.1 0.102  0.185 0.112
LevI+KD 75.2 0.213 0.217 0.214

F£4.3: BETADBELLBIELEZED DS TI) —HIOE

BTV R (242)  FRHER (441) KM (124)

CNN 33 73 32
LevT 22 54 )
LevT+KD 33 79 20

BERERIC L — R v a XA VERERIEE L. £, Fos X7 2R 283, HEE
B co—8Rz /.

4.2 HEER
4.2.1 ETIEM4$EE

FERR L 72303 5 SRR D ATIEO B 2 e85 2 720, FHii7T— & 2 HwT
HBET IR G L 7.

WEREFA42I1TRT. GLEU, Fos 2a7 & HICHFEBEEZTDOR W LevT 1
CNN ICEITF 5723, HF@EEE%21T>72 LevT+KD 2 CNN % kAl TwW3, ﬁfﬁﬁz
b é$;%5?68,ﬂﬁﬁ%miofg%%%hﬁbfméﬁ RHCEHA R
KIEIZ EDRoTWB ZeRRTHENS. IHh5, HERZAEIIOER D ETIEICBW
THAROA LICKRELSFET 220300 5.

HERZAE D52 220 X DR OO, ETADPELLEBIELZRDD
HT ) —ROBERAIZIIRT. 2T, IRE] BANSIRNEHEZ AN TWAR
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0.4 o 200
** CNN = LevT+KD X¥

150

100

XE

F0.5

50

Xk (BFEH
M 4.1: YRt o2l

WER D, TERGEIRY 1EFR- 2 HEE IR T 235D, TREL ERABHEGEL AL T
2O THY, FEMANOEBIIZ DD DERAITH %%, LevT & LevI+KD %t
NZ Y, HEEEICED, TRTOBEDOMY T 2T ERSEMLTED, FF
W2 TEBE) ST 2ETIERENAMEML TWB Z ez 3. 2k, CNN O TR
Bl ST RETIERRN ZHERABEIC I DZIFMS I B TERLOREEZ S.
K2, XRIOFTIEHREZK 4.1 127, FEfRe fffidZz e, LevI+KD
ECNN D Fos Ra7z, BEREHEXEEZRLTWS. 2 00T MCIEDH ZEE
DB R TH, €55 XEPEVIEE (155 5 HEE) MUXEREWS
& (41 BEELIE) GETIEMREDR T2 Z e d. 12720, XED 21 HEEL E
WXV, BMEDORKREWERE Lo TWS. XEMEWVIGAICETESERENT
BEEEE LT, =2—JLVETAREXIZHEVEWSMEREZIONS. £,
XEMHOHEIZET AN EREZ 51T, RoFTIEZ LTLE 558320V
DTERVDPEEZ L. FMICATASZ L, FBIZ, EBELDETMICBVWTHH

HETIEE 3 A\OZh PO ERON, BAOBDETT. B/hoboixzhzh 210, 428, 103 TH
3.
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= GLEU == HEEX =« BHEEX = = F0.5
75.5 0.220

N 750 0.215 N
L A mi
X Y LT T T e LD N
a ......... o
a4 745 0210 ©
O
74.0 0.205
0 1 2 3 4 5 6 7 8 9 10 N1
RARERIERE
4.2: W ARRBRIEREIENC X % LevT+KD 7LD MEEZEAL
SRR VY BIXE o 2R IEDIE L WVETIFICHART 7T~8 (GREEFEET 2 Z 20y
Mmoo,

PlE&D, LevT+KD & CNN (B L 5 2TIEMREZH L TEB D, SUERDET
EIZBWT, HEEEEED ANIEE CRIFE T VIZHECRERE 7L L FRED
ZheHz 25/ EMREEZHE TN TELZ LSR5, T, ERDFTEIRXT 2
FEECEIFEE T ICBT 2 HEAE OBEMMELI MR TE /20, ZhlEDZERT
WFIEE CRIFE FICE LTI LevI+KD EFLDOAICHESE LTS,

4.2.2 RERIEBIZ

FATHR T ERTDODNTOVREMBIAR X X7 L £, AN BhdEnwX
D ETIER R 7 TlX, HERRERIERES VPR K3 Bbhb. 22T,
LevT+KD € 7UIZBIT 5 KIERIERIBUC X 2 HRED b 7% 7 L 7-.

R T —XTERLRERT Ry 2120 LT, #HiiT—%%ZHWT GLEU XU
Fos 227 CiHfi L7231 %2 X 4.2 1273, GLEU Ra7icEHT 5, 1HE
RIS ARRIERIERBIC X > TRELSELT 2 2 3% <, BRARRERIERED 3

18



K 4.4 BETIVORTERD TN T B 485 B 72 MERERFA

EFI GLEU @E&%R HEE  Fos

CNN 74.6 0.100 0.199 0.111
LevT+KD 76.9 0.125 0.184 0.133

ERRETIHERAE R TV e Th b, %7, Fos Aa7%R %Y, GLEU
2 a7 R 1 B HMUEORARKEREREIC X 22N WA, RARIER
EEEDS 1 E LD REWEFITHEAEROET L & DICTAD, RARKERIEBED
1EDOL FWCHEBOMRL Lo TWAZ AR TENS. MUEXD, SEEDETIE
WZBWT LevT+KD OIARKERIERE 2 KE 3208 MHIIAHR L, 1556 31
BETHITHILEZ 5.

4.2.3 RKFERDOXICNT B1M48EE

ZZTIE, REMDOIIHT 2 HREZFHE T 2740, TR M TF—XZHFEL L
WZahbEE LML, KEPS LHESTOHEP L TOWL ETRERD L EIEMR L
7. %D, 10 HEEOSUIH L TX 10 oA TE S THS. 2LTC, TLOT
A b T =X OFEEEL L EFTIEXDHFEDOM SRR FIZ, REBD U LT H Nt
JETBETIEXZER T 2. §RTDTFTRA LT —RIIH LT LI OUBEET - 7248
B, 9710 XDOF—ZBER SN, ZDF—REHWT, REMRDIIHT 5%
Rez i3 5.

573, BETNVORENZRETIENREZ R 4.4 17T . SEM L 723U 245K T
HHFTA2 LT B, ke LTHUMERA, 2% D, LevT+KD & GLEU X
a7 eHEERNPE L, CNNIZHEARIPEWZ X015, ¥k, E5LDETIL
WBWTH, GLEU Za703b 3P END, Fos Aa7B FR28REZ->TH»
5. MEMICAT, REBDIIIHLTD, FERLIZXDAIZ K - THE LIGE
MOETIEETADD 5REAMTHZ L ER 5.

RIZ, BETNVOXRIEDFTIEHREZN 4.3 1TRT. AR ERIZLZN
CNN & LevT+KD @ Fo5 227, BEEREN X, % L TKFER—H RS CNN
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0.4 800
=« CNN = LevT+KD N# = = CNN2&EDF0.5

600

- 400
” X

~ 200

4 4.3: RIEDUTHT 2 XK I & OMHE

DRFERIE L EED Fos 2a7%2RLTWS. KEMRZXDFHIETIE, 52 L7~
XOFHIKF & D 2 DXXEHWTB Y MBS ZET 5720, 1 HiEZ L ORR L &K
BTV, K41 DT L7 XDHGE L RIS EDHRICE N & F & MiiEcRu
CEWIEIMRENE D 2 R TENG. T, ERLEXDHEEIIEANT, XE
BV E ZDFTIEMREDNRHCEWZ 0 5. SEEDFTERER IR T 255
WX, HEBEDIDRVWE ZIIRR LRV e BEY e EZ 5.

4.2.4 HEREE

FREEDFEENT 4.2.3 HITHH L 9,710 XORZERDOXEELT A M F—&
HWTITo 7=,
EFNOHREEZK 44 1RT. 22T, EFALICEBITAEMANOEI
RAREREREERLTED, EAEANVEEZEREES, AGk0FoRx %M
SAEIFEO 1.5 52 2 2#EAOEEZANEE LTWS. FHEIEX, CNN, &K
RABKIEERAY 9 [\, 1 [HD LevI+KD TZh 2R, 0.49, 0.24, 0.19TH 3.
CNN IZHART LevT+KD 3RO R EL MR 6N TWB &k Hig, FI»KRIEIC

20



6 6 ;
5 1 5 1
S
0, 4 4
ﬁE 3 T 3 T $
i
2 21
11 11
—
L B2 = LI | 58 < &
CNN LevT+KD LevT+KD CNN LevT+KD LevT+KD
9) (1) (9) (1)
NANEZEREL7AL NNE% + THRR

X 4.4: %FTIILOHERE

TRoTWBZ e nrd. £k, RAREREEEZES T LT, BIZHiE
FHEMZ 22N TETVS. ANEEZRVWTEZ 22 CNN 71 1 REE
WINE 223, &€ T VOHEGREEOMIGRERIZZED 5T, LevT+KD E7 1L DIE
IVEETH DT n5b. ZIZT, ANEL R TWVWEXDEZ L IITDOXED
100 DX HAEM I N EXEHTE D, B XENEW Z & 23HHEimEE D1
MoOFERFERZEEZ 5.

K2, HEETNVOXEI L O#FmEEZ XK 4.5 187, EfEZZEEIZIIN
ERLTED, TETAAICBIT 2EMNOBIE LG & R R K RIERIE [
RLTWE. MBELUCER T % &, XEMumIE Y (12056 4 H5E) 054G
%X ONN DIE 5 23% LevI+KD EF L XD EETH 2 Z 390 5. UL,
Levenshtein Transformer €725, HIFR, L —XARAVXOFHFAKR LT F—27 >~
ANDEHD 3 BEOHELY 1 HORERIETIT>TED, CNN E7 IR T
F =Ny RRRKEFWVWDIEEEZS. LrL, XEXLHED LTS, &

21



A LevT+KD (9) RAZEML (LevT+KD (9)) x LevT+KD (1)
TR (LevT+KD (1)) CNN FRFZIAAL (CNN)

2.0
1.5
o
w Y
1.0 U
{w:é EEPST P ,
.t‘ A 2= X N Las ‘
ﬁ igié: ‘—:" “1] i ;,.fta‘ﬁiii ,
: ‘ i b ‘l“ " s g hoat
> hl HEH 3 ; YY) iiii‘!!“‘gt;nﬁ;
L HRR L
-”-a-:l“"“l i
0.0
0 10 20 30 20 -

XE (BER
X 4.5: FETILDONET L OHEmEE

LevT+KD €7 1DiZ5 25 CNN XD b Es#Ich 2 Z e AR THNS.
::f,JEFWtJE HIE DI DD 6 RFERD IR T 2 XRICBI 38
BT 5. K43 %E2RH2E, CNN ORFEWRZLERD Fos 2 a7 ZRIEKRD
HAEY Lo &, LevI+KD IZBWTIE 5 HFEHETIE TREI> TW3 Z 223957
h, ERDFTERROIBRETONETERVWEEZ S, ZLT, 4505, 6
HEEHDEIZBWTIE LevI+KD 2’ —H LT CNN K h b E#HTH 5 Z e B9 h
3. 2%, LevI+KD EF A EHWT, 6 HFEMEB AT I 2120ERD
RIIEZITH5 28T, H5EEDTERELZRE DD, E#ICEIIEMRZIERT 2 Z

EMTES.

4.2.5 T—RZXAXT+4

AT LAHNOHIER AL ITRT. 2T, RO TP SHENICER > TV 5
7, BVWKERETNC Lo TEBEINLEHTERT. Hl 1%, 728 LTkE
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£ 4.5: BETLDH I

HWEL TAUKIFA LIRS
M1 CNN ZAUKIEA L ITKEIBRD?
LevT+KD  ZHUEIEA L ICKYITE 2?

COEWT, HAEORENTI R KoB % 2T,

25 3151
FRAX  gmmiz L
ZORNWT, HERGEBOREMTI RS Kob %o T,
2 ONN SEEELE L, -
ZDHNWT, HERFEORHEIITI RS Kob %o T,
LevIiH+RD - wcmze L L,
EHE DHWVWWLE T, EHW\W, EZFsAcT,
5l 3  CNN HHWWT, &, ZJeAcd,

LevT+KD HhHWT, &\, HiEtd,

i T2 O TLESTOVREDIBATEINTVS. ETLOHNERS &,
CNN, LevT+KD 556 DEFNMICEWTH IEMICIELLETIETETWA Z
B 5. 72120, EFT VK> CATIEDIE AR ERL > TW5. fil 21%, BrEaoidE
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