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Generation of Diverse Corrected Sentences

Considering the Degree of Correction™

Kengo Hotate

Abstract

Grammatic error correction (GEC) is a task to correct a sentence containing
grammatical errors written by language learners into a grammatically correct
sentence, and is useful as a writing support system for second language learners.
Depending on the input, there are multiple ways to correct such text. For ex-
ample, Bryant and Ng showed that 10 annotators can produce 10 different valid
correction results for the same grammatically incorrect text. If a GEC model
presents multiple candidates for correction, it helps the user decide whether
to utilize the correction results such that the user can select a favorite correct
expression from among the candidates.

In general, GEC is regarded as a machine translation task from grammatically
incorrect sentences to grammatically correct sentences. Therefore, in recent
years, machine translation models based on neural networks are often used as
GEC models. In fact, the adaptation of machine translation models to GEC
models has shown effective results in the GEC task. However, existing GEC
models aim to produce a single valid output sentence for a single input sentence,
and do not consider the generation of multiple correction results. Therefore,
we address a new task of generating diverse outputs in GEC, and propose a
method using a GEC model that can control the degree of correction.

When making corrections, there are diverse corrected sentences depending on

whether making only the minimum edits or making more edits. Sakaguchi et

*Master’s Thesis, Department of Computer Systems, Graduate School of System Design, Tokyo
Metropolitan University, Student ID 19860634, February 19, 2021.
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al. reported that a diverse of corrective sentences were produced for annotators
with different specialties by making two types of corrections, one for minimal
rewriting and the other for fluency, and that the agreement rate between them
was about 15%. In other words, even one error sentence is corrected using
multiple correction degrees. However, existing GEC models correct only with
a single learned degree of correction, and there is no research on methods that
correct with these different degrees of correction. In this thesis, we propose a
GEC model that can control the degree of correction, and generate multiple
degrees of correction for a single input sentence to generate diverse corrected
sentences. First, in the data where grammatical errors are corrected, we create
new training data by assigning information on the degree of correction for each
sentence as a special token to the sentence. Second, we train the GEC model
using the newly created training data, and during inference, we assign special
tokens of arbitrary degree of correction to the input sentences to control the
degree of correction of the model. As a result, it is possible to make correc-
tions using multiple degrees of correction instead of just one for a single input
sentence, thus obtaining diverse corrected sentences.

In this thesis, we propose a beam search method that considers the location of
errors to diversify the output further. There are several methods for generating
multiple correction results in GEC, such as generating n-best using beam search.
However, in these studies, beam search is used to find the output of a single
appropriate correction sentence, and not for the purpose of outputting diverse
correction results. Furthermore, it has been shown that the n-best output
using an plain beam search lacks diversity. Therefore, in machine translation
and other fields, several diverse beam search methods have been proposed to
generate diverse candidates, with the addition of constraints to make the output
diverse. These diverse beam search methods provide diversity in multiple output
sentences by performing diverse rewritings on all the tokens in the sentence. On
the other hand, these methods are not suitable for tasks where most of the input

and output sentences are common. In this thesis, we propose a beam search



method that considers the error points. Our proposed method, the diverse
local beam search, searches for various paths only for words that need to be
corrected. Therefore, our proposed method can generate sentences that combine
more diverse words than plain beam search only for the words that need to be
corrected.

As a result of experiments, we found that a GEC model that can control the
degree of correction can produce more diverse correction results than existing
methods. We also showed that it is possible to further diversify by combining
it with the diverse local beam search.

The main contributions of this work are summarized as follows:

e We showed that the degree of correction in a GEC model can be controlled
by the WER.

e We showed that existing methods for generating diverse sentences do not
provide adequate diversity in GEC.

o We showed that using a GEC model with a controlled degree of correction
can produce diverse outputs.

e We proposed a beam search that considers error points and showed that
combining it with a GEC model controls the degree of correction provides

more diversity to the output sentences than the existing method.

This thesis comprises as follows. In Chapter 1, we introduce an overview and
contributions of our work. In Chapter 2, we introduce the existing previous
work on GEC, output sentence control, and diversification. In Chapter 3, we
propose a GEC model with a controlled degree of correction. In Chapter 4,
we propose a beam search method that considers the error points. In Chapter
h, we propose a sentence classification method using BERT. In Chapter 6, we
evaluate the proposed method using evaluation data with multiple manually
corrected sentences. In Chapter 7, we analyze the proposed model. Finally, in

Chapter 8, we give a summary of this thesis.
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584 To put it in the nutshell, I believe that people should have the
obligation to tell their relatives about the genetic testing result for
the good of their health.

To put it in a nutshell, I believe that people should be obliged to tell
their relatives about their genetic test results for the good of their
health.

In a nutshell, I believe that people should have an obligation to tell
their relatives about the genetic testing result for the good of their
health.

ZHM¢  In summary, I believe that people should have the obligation to tell
their relatives about the genetic testing result for the good of their
health.

In a nutshell, I believe that people should be obligated to tell their
relatives about the genetic testing result for the good of their health.

To put it in a nutshell, I believe that people should be obligated to
tell their relatives about the genetic testing results for the good of
their health.
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ADEEDFTIEET L LTHWSR S Z 22V, ERRIC, EREERET V%
YFEBRDFTEETMICGHEA T2 2212k D, ERDEFTIEZ A2 IZBWTHEMR
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WTCHIRT — & & LTI XN % Lang-8 [7], #Hiir—& & LTI
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AHX This essay  will illustrate on two aspect

. This _essay _ will illustrate on two aspect
(a) Plain beam search
this in spects
This___essay __ will illustrate oh two aspect
(b) Diverse global beam search explains this in aspects
reflects with ways
This __essay  will illustrate on two aspect
(c) Diverse local beam search . .
this in aspects
with ways

M 1.2: BHFOE — 6P —F FECRBETERZ K L EX

ZIMAT2N DDRDERRIZE — A —F FEPMERSIN TS [12, 13]. THhHD
ZRERE — LY —F TR, XHORTO =27 I L THEAREXHI 2175
ZrT, BRoOBTIEEEE DS LTWS. — AT, AN EIXDKRE
DHRHEBELTVWEEIRZRAZIZBVWTE, TONHLOTFEFEL TCVWRERVWEEZ S
N5, KT, SCERDETEIRBOVWTIE, ANXOEMIIZIE LWERZITH L THE
FZDTONTLE S0, ZORBRANXOREIIH L THEZHZ 2175 Fik
BIFE LRV, 2078, SGEEDETIEE T UL, AT OSGENIZIE LWL
FFEFEIZ T, B EEOEHMTH L TOAREL RGIETEIEEZITS 2 e E
N5, ZZTAHRTIE, MROEREZERLLY -2V —FFELRETS. ¥
L2 3ZEFER L IRETF R OUBERR LD DTH L. REOHFEIIRDTH
5%, KFEOHEIIFTIEXTbhZ et Z/RLTWS.

(a) BHE DY — 24P —F (Plain beam search) TlX, FIIENREED SRIZEF LT
WA 7DD 2 K, LU HEEDOMAGOE T ZAML TV 5.

(b) BIFFEDOZH IR — 2% —F (Diverse global beam search) 1%, k& 7%
AETRRLTWS. LEdoT, @EDOL—LAY—FLIERLD, ZDJFHET
3R A R HEEDMABDOE TXXEREN L0, ZRRGH NI 21§22 T
5. kL, FATETAREDLVHEIIBWTHHEEMZ 21To b E
BRENTLES.

(c) BEFETH 2R EFAEEE L2 — 2% —F (Diverse local beam search)
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E2F BEEMR

2.1 3GERDETIE

SERR D ETIEESHEMNICED 2 EAT XN S IE L WA RIR T 2 X X 7 L 4
ZAbNDBIeNRBWV. ZDRe, ERDETIEICET 2 W1581%, FITHMEIRRICS
WTEMTH 2 e S FELZHWS Z %W, Chollampatt and Ng [2] 1&
CNN %, Junczys-Dowmunt & [3] i& Transformer [14] % SZIEFR D ETIEE 7L
HIHT 2 TEmWERZRIE T 2 Z 2R L. AIFUCHENTD, ERDE]
IEE7 L LT Transformer W7 g #{T->7%. Z 2T, Transformer & 3%
WEIER D 7B ICBWT, HOEERMEZ W2 2 & TRIBRMEREA EZ2ZR L 7=
THLTHE. 51T, CNN LR HRLTEHEES /NS LoTWa7D, K
W7 —REHWFEICDHEL TV 5.

Zhao 5 [4] 1% Trasnformer IZa ¥ —HMEEZH W5 2 & T, HER EZX 7.
X 512, Kiyono & [5] 1& Trasnformer OFEFICHW S 7 — & 28] T0M b O KHHE
BEL T — 22 MWas T, MEMLY S ZRLL. ABIFETIE, ATIEVERE
DA ETE R EHEDR FICERZ YT TWS D, #E D Transformer % H
W, BT — ZER L Tw R,

2.2 ZREGBHED

H3n U TRl 21T 5 02818, SRR DFTIEOH TR HE D ITONTES
T, FIRBEMEBERO TEFICB W TITOATWS. Sennrich & [15] 1%, HEMEIERIC
BOTHIRT — XX DO TEXOFHRERHKR N —2 > e LTAOXMNEL, 7
NDFlEITS 2 & THAXXDWEERBOHEZIT o 7. WEEDOFE LKW ERED
SHWERDFES 2 S\ OBIERIE, T — X D AT LT, 1 SO ITHGE
NOIRTH 2085 D DIERERHK N — 27 V2535 2 T, #HEFIEED
WERTOMRZATREIC L. ABIZETIE, FIEEOE#HR%Z Sennrich & [15] &
[FRRICEIIFR T — 2R b —2 2 e LTGS2 28T, ANITHT 2R EED
HlE 2175 .



¥72, HODZREZIT ORI OVTH UERDEIEOTH T3 fThbhiTwiz
WA, R EFIIC BN TIEEO2ITOIT WA, Shen 5 [16] 1%, mixture of experts
(MoE) E 7NV ZHMBIERICH WS Z & TERRHTOEREITo72. ZOETIL
X, 1 DODATIIH L TERZ S expert ZFHWS Z & TEZHELH DR % ATHE
WCLTW3. AT, ETLVOMEIZERT, T —20AZEETL I
WEDEMHEERIELE. Li & [171F, =a2—F1% vy b7 —22HWI5EEE
TMZBWT, INEXDERLZITo72. —ic, XEEET VO UTHAN
IRINEDER S NDE Z DB WD, HEGRRFIZ D AR & BB O A IEHRER 2 &A1t
T2EIBRINERERSE S ZITX D ZEHEZITo72. Vijayakumar & [12] I3,
HERRHIC — 2 2 BRI N — 1200, ZA—THBIJEIE — 20 —F 2TV,
ACXALRT Yy THOMD 7N — AT TERE NI b — 27 T L THERE AU
LK F2HZMRA 2 THNZEZHKEZ 0T FELRRE L. RIFKET
&, [FERRICHERRREIC O AFT IR ER EFTICN L TERIC T 2l 2 N2 2 Fikz
RET 5.

2.3 FaFFERSEBETI

W, HASHEUEORE AR R A 7BV THAEEESEETANFHINT
W5, I, FHATFEEESHEET VIIRRBELREE T -2 2HWS e TR R
WS IR WINHNRSERBZEBELAESHEETALTDHD, HALEZZXZIZBW
TEWHREZ R L Twd . EHEIC, ERDETEICB W T RENRFEEE
ET7INLD—DTH 5 Bidirectional Encoder Representations from Transformers
(BERT) [I8] WS TW2 [6]. BERT & Transformer OfEEZFHA L TH
D, KEZL 7 — & % HuwT Masked Language Model (MLM) & Next Sentence
Prediction (NSP) @ 2 DO #iliz LERIFE 2175, MLM Tl&, #8757 —%N
D—FH,D =27 2% [MASK] b =27 Y2 WIRE N — 27 VICEWL, JTAD b —
7 v OHEEERITS. NSP TiE, BERT ML T2XANL, AL 2 X0
L7z 2 X E2OHEEERITS. 2D 2 00K LUHERIEE 2 RIFICITS 2 &2 TR
Fi R SRR AR LTW5. %72, BERT X, ANOREHIC [CLS] w5 5k
F=2 Y ERBALEEZTo TS, ZOMRE, ANIXHD =2 B0



72 TR<, [CLS] =2 Y ORBERD O ANLEROTHMRB 2 EE T2,
MTES. X512, BERT ZHWTHHEZ R 7 256, BRiFEEAD BERT
OHNE AT LI HOWTHEEZITS. Zoe =, nHEOFE LRI

DR X7 D7 —Z%ZHWT BERT OFEE H1T5. KWL TIE, BERT 2 HWw
T2 & D, RTIEEOH#HEE PR IEEFTD 0% 1T- 7=,



E3T FTEEZHIELISGERDFTEETIL

AWFETIE, BT — 2 X DR SN HEERERICHESWTRHK b —27 Y OfT
B 27w, iRl — 2 CE O ESERDETIEE T A2 i3 2 Z & T, Hw
RRHCRETE b — 27 VIS X o CRTIEE ORIBIREAR ORI D ETEE T V2R ET 5. M
3 ICHENZRT. MPOKRFFETIEFEMEZRL TV,

3.1 FIfRAE

Iz, T — 2RO 2L X, 2T [ IETONTE
EXHhHADEE, HIFROEE, BEOBEOMMPHRNE &2 X 5 CEIEHETE
PHOTRERMZEE T2, 2L T, ROZEEHMELED XOXRETEID, B
ERERTHET L. B LUHERER RGN —2%2Y - L, XHEDY
BB EIDCLEOIEEIHENT 2. OB LEXEE T LIBT3 Rk
=2 VERED, #MHXOHEITETS.

ZOREIZ LT, YWHEHICHERERICX > TEDBNRK L — 2 5 Ehr:
D 2SI T 2ETIEX DT — X ZERR U7z, Z OF721ERL L 723l
T =R ERHWTERDETIEET V2 E T 5.

3.2 ERAE

HeamlRE, ANXOCHEIC LA HR =2 25522812k D LEDRR
ZRIEEICCRTEMTON 2 XERINS. 22T, fHiiT —XDOSIRHh 5 H
FEIREERZ RO B Z LI TERWRD, AJIIZIE U REYIRR% b — 27 > %R
TRIRERH S, LL, 1 ODANICH L TCETEE I 2EEEE N, —&K
WIXEE ST, ZRBTEXEER LB EEOENFET I EEZIOLNS.
X 3.2 1%, CoNLL-2014 iI2BWT, 1 DD#EY XZETIET 3BDOETIEEICH B FEE
DIEPFIET D 2R LEKTH S, KFDORIEH 250D X ZRUTHIET 5 A
FTEEZTo72 1 20ZRXORTZIELTE D, MENITRDOIED ST 3
2 BRSO HEERER, HHNINRORT7 OHGERERLZR L TVS.



F2 1 32 : We have a lot of paper to write . Z2 1) 32 : Dont afraid to do some new !

£J1ESZ : We have a lot of papers to write . £71EXZ : Do n't be afraid to do something new !
iREERE =1, BYXDXK=9 fREIERE =4, RYXDOXKR=7
HEFER=1/9=0.11 HEAREE =4/7=057

F81) 32 <wer_1> We have a lot of paper to write . 32 4) 32 : <wer_2> Dont afraid to do some new !
ZJ1ESZ © We have a lot of papers to write . ZJ1E3Z : Do n't be afraid to do something new !

AFI3 : People try to drinking it .
l BERT ICLZ/IR b — 7 VHE

AJIX : <wer_1> People try to drinking it. ——> H132  People try to drink it .

B 3.1: ATIEEE 2 HillHl U 72 30ERR D T IEE 7 WIS BT 237575 (LER) & HEam/sik
(&) DBEZEX

00 0.1 0.2 0.3 0.4 0.5
BHBSRBXCH T 2 THEERER

¥ 3.2: CoNLL-2014 QSIS H 1T 2 HEEMRER D afiX

7o, AT HEERER LR LM TH 2. ZORID, £ERINICERSR
XIZBY B FHEEREREIE L U, ST L O HEERFEER D 2FRNICE <
250, BRI CICHEERERDENFET 22 edbhrb. 22T, KK T
%, BERT [18] # FHWTASISUTH U CETIEE D% & 8 U3 & Y1 2 Rk b —
7 v DEFERZITo 7. FEMIE 5.1 BT THAT 5.
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E4E BOEFEERLEE—LY—F

ARG TIE, FTIEDREREIT DO AIIH U TEHRETIEZ1TV, BRSSGENIZIE
LW LTI ZRRETIEZ TRV, MY EREZER L — a0 —F 218
K35, BRI, BBOEFREERLZRFLVT 4 penalty BERXA LRAT v T
t DFBIRE b BITETIVOMNEHNHERIIN L TE X5 Z e TERBRHTTO4ER%E
HigL7z. RFAT4 @MU TORTEZBNS.

penaltyy, 1 = \spr + 3 (4.01)

spe W&, R b, XA LRT v 7t IZBI2ERDEREROE NN —2 203, FTIE
PTHOIRTVWE =27 v THE0E 5% [0,1] DHIPITERIHEETDH 5. BHEH
W%, ETIEAMTON TV RIHEL sp OMED 013 L, FTEMTbATWARWEGES
& sp DED LITELS R ZEHNEELWV. A & FREANAAR=NRTRX=XTHD,
ANERFNLT 4 DRI EZFAEL, BIRERFATABERILZRDE L Z DD R
TR=RTH5. Kift5ETIX, BERT ZHOWTANKE XA LTy Tt £TOH
NI BETIEDTHORT WA E S 2O ZITV, FTEMTbITwiRWwE 78
SNIMERE s ICHOWZ, BRI, 528 THATS. UToRoksig, &
DRFIIVT 4 ZIED FTIEE T VO IHER logp 1ITH5ZX 5 28T, E—A4
H—FDRa7 kIH L THIFIZIZ 7.

ky+ = penaltyy + log pp.+ (4.02)

ZOflFNC XD, FTEMTOATORWRIUIN L CQdBERX U Kb, &xf
12, FTIEATOR TV ARG L TIHER I AR T 3.

4.11%, AJ1L¥ LT “This essay will illustrate on two aspect .” 252 5
NIGEDE —LAME 2, A LRAT Yy P tIZBIAMEXKTH 3. E IR
EREHNIERLTWS., KO EHIX, BRIOZRALAT Yy Tt —1128BWVWT
“lllustrate” ZZR L7256 1 K%z, THNE, “this” ZER U725 2 Kt 2R L T
B, AOBIIERBEROGEGIICHAILTVE., 20X, RALRATYTtD
B 1RFICBWTRDEREROEH N =27 V1iF, ANNLEFEL “on” THDH, %
2RFNCBNWTIE, AN OEFZHZ2ITo “in” THS. BEOL—LY—F

11



A3 & This essay will illustrate on two aspect .

N> 573 ~ — NPT 4 %ﬁﬂif: = a2
POpSe R FILT 4 R RER DR

(o] : A
[ -+ will illustrate [ in } X [ illustrate on } = -
EE

@]

[ -+ illustrate this [ in ] X [ -+ this in ]= [ in ]
o] o)
)/

4.1: E—AME 2 1TBT 2RO EFZE R LY — o —F OEN

TlE, ZNFNERERDE, “illustrate on” & “this in” 2R XN D, Lo
L, KEORZFETIE, B 1RHFFFZHZIZToTELT, MLT, H 21K
MIEEZZZToT0ED, B 1LRFICDARF LT 4 BEZ N, mEIIIZ
FRIIEZfT-> TV A5 2 R34 5 “this in” & “this with” 2MEIRXNZ Z 21272 5.

12



£ 5% BERT ZHWIKXSTH

BERT 3R 7 — I X D HATEEH S NALZTERBET L TH D, LA LRAR
SO Z 27 12BN TEWERZFRIE L Tna. AT, FTIEEZHIEL
7o SRR D ETIEWC B 2 1Rk b — 27 » OIS, RO EMEEE L7z — 24
P—FITBF S sy, £ LT BERT O [CLS] b =72 > O5#ERAE T 52 Fik%
AWz, WFhoFiEd FiiF B EAD BERT I L THllZIT - /2.

5.1 BERT ZHUW7ETIEEDHE

3EIWCTHAANED, FTEEZHIE L/ SGRR D ETIEE T AL TIE, SR
HGZ oI wR D, #EEm I A SISO UCEY) ZETIEE OGN T E Rn. &
BT, 20 BERT Z MWz A U CEYIRET IEE OFERFEI OV TR
5.

BRMZFEL LTIE, BERT KWL TEDXDAZASNL, ZHUTHIGT 33T
EEZ LEZE LTHAZIE 205D THS. 22T, 1 DDFRD UK
L CTHRHDETIEENEZ 5N 5, Y ICEEN 2D EHTOMBUIR SN TH
D, ZAICHIEL THEERELDRONTWE 20, HIBREDOHFHIIAEETH S
LEZLND.

KIRICETIEE 2 I L 72 SOER D ETIEE T MICBWT n-best K %15 3 B,
BERT O FHlERZHWTEBORE N —27 YOI 6 mi-best Z#IRL, %
Noz2E5bE TRENE n-best 2185, 1 20Kk —27 v ickstihzERAW3
DTIFRL, BROETIEEC X2 N2 EIRT2 28T, KOEHRENZHESZ
LHATEL. BARWERTEY LTE, 3, R511IRTED, BERT OFf
=203 5MNRAa7 o= (01,...,04...,01) I LT Softmax BA% % H
W, fk b= > ot p = (p1,....,piy -, pr) 2185, BNk
I LT I2 W ORTHED, n 2N, DNBEDITR2UEHEAT % Z & THHK
b—2 VIR T % m;-best OFETREL 7=,

EH L 7-FRTEEEAET L https: //huggingface.co/bert-base-cased
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o exploi) 511
PSR (o) o1

m; = round(n X p;) (5.12)

5.2 BERT IC& 2 ETIEBIFRD S EE

4 BTHARZED, ANLERA ATy Tt FTOHIH»SFTIEDRTTHONT
WEDPE S DDOREEATIBEND L. BEFTEER EZHWTANIXE XD
WIEEES Z 2T, fGTEMTOATVWEnELOHENAREICRZ EEZ NS
D, FT—RANDOE x ¥ — Al x B4 LRAT v THOMNHEBRHEY 122, A5
TiE, &bhE#ICANy FUHEAAEE/ BERT ZHWTANXE ZRA L RAT v Tt
FTOHNXPSLETIEMMTHONTWENE I DO ETo /2. AEITIE, D H
FixBZER LI =LY —FD s, 10T % BERT OFHIEICOWTHHAT .

Spe 1, 4 BICTAHRNZ@EY, XA LRXT v 7 t, K@ b ORbERERDE
Wh=2Z2ZBVT, FTEMMTORATWEINE S22 RITEETHS. 22T,
BERT IZXfLTCERD X &, ZDIRDUTNT 2, HBXA LRAT v TETDET IV
DODHIXD 2 XZ AL, ETVOHNXDORED V=2V, DFD, HB5X4 A
27y Tt RO CBWTERERPIEKRTDHS =2 UE[IEENT =2
THEIHLEIDDOREEITOEIES. LT, BERT 2 E[IELTWARWEGFEHL
fER% 55, & LTHWS.
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7T—Xtvy b X BROUGK K FHliTE

BEA-train 564,451 1 Al -
BEA-valid 4,384 1 B % -
JFLEG 1,501 4 fi%¥  GLEU
CoNLL-2014 1,312 18 At M?

#£6.1: 7—X+tv FOE

FE6E =B

6.1 FT—2tvk

KOTIARFERIIBWTHALLT — &%ty boEZRT. JMT—22 LT
X, FEEIRICHE T 2 EERE TH S Workshop on Innovative Use of NLP for
Building Educational Applications (BEA) 1238\ T 2019 FI12f#fE X7z Shared
Task on Grammatical Error Correction [19] @ Restricted track & TfHH X 417z
A7 — & (BEA-train) Z W7, Z Dl — &X12i%, The First Certificate in
English (FCE) Z%Bi L -#EEORE»P6RD 5N FCE a—XX [20], &
FEEHEDDHD SNS TH % Lang-8 DIRHIT —2 L D EDH 517z Lang-8 I — %
2 1), Y AR—NVERLRFEDIGEFLBETD 2 FEDMER L TN 68D 5
17z NUS Corpus of Learner English (NUCLE) [21] , &FEF#EHEDFED T A
T4 ¥ 7 RXEET 5 Write & Improve & RiEEZRGFEE T2FAEDIEX I DED S
N7z W & I+LOCNESS 22— 8% [19, 22] D 4 DDA —RNANEFENRTWVS. 2
72U, RLEEE L“C%TIEﬁf’?bﬂ“C WIRWI EFTIERE R ZEH T & % SOHZEL D BR
Wiz, ¥£72, AR, RERETNLOIRy ZBEIETS %7512, BEA-2019 IZ
EL\’Cfﬁﬂﬂ%ﬂfcﬁﬁ%T—& (BEA-valid) ZH\W, ZOR¥T—XIhF % loss
DERANETRB TRy Ve RBEBRETNVDIRy 7L, ZORKNTOETLE
EBRICH Wz, BEFEOSHEY — o3 —F [12) PRETFIETH 28D &%
BERLEE =Y —FIMHEHT 2 A 8—0%F X =212 L TIX, JFLEG ZHW
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Tt ZiTo 7. JFLEG X 4 DOZIBFELTE D, CoNLL-2014 121k
18 DBBYFIET 5. T 2T, CoNLL-2014 Shared Task: Grammatical Error
Correction 12T 5 XN/ BHXEE 2 DTH 32, Bryant and Ng [1] 12L& D 8
D, Sakaguchi 5 [10] IZ& D 8 DOBMXAHIHEREZ N TWB -0, Zho%
ETHAEDYE, 18 DXL 5.

RIIEEOHEEICH WS BERT O/FII#ICIE, FTIEEZHIHE L 72 3GERD ETIEE
TLOHBICHNE R =27 VNG LT &%ty P RGBT — %% H
W, Kk =27 v 2NGTARIOMRD X AL, Z2I00kk—27 2Tl
B2 VIR T, 2L, YR AIC5,000 3GEIRL, BT —X LT
w7z,

sIIEEFTO 7 EICH WS BERT OFilMICHW T —&%ty b LTRE,
NUCLE ZH\7. ERRANT (grammatical ERRor ANnotation Toolkit) [23]
ZRHWT, FIIEXICEWTIRD Xh oA - B - HIFROFTIEDMTHAL TV 5 &
ZHIHT 5 28T, DX EFATIEMTON TV HFEE TDRIIEXDRT ZERK
L7e. FTIEEF O 8ICHW % BERT B W TIFNESM TR TWRWES, &
W27 TH2IeNEENL D, Thzafle LTI AN TF L. 2L,
HIFRDETIEICE LTI, HIFRL ZHEOEROHELE TOFTEXEEM e L. 1k
fle LT, BRD XERTEATONTWARWHGEX TORIIEXDRT 2R L, A
BIERBUCIE D KD VR LITEIRT 2 TR L. $7, BRET—X L
L TlX, CoNLL-2013 Shared Task on Grammatical Error Correction [24] (2T
Hubhle7 =&ty bTH2 CoNLL-2013 120 LTI T — & & Rk L %
Toler—&z2HVE. UL IZX D, NUCLE 3Jt4 57,151 SCWMIEES %
B3, 168,524 SO OHEEF—&2 iz, Juk 1,381 SXOMFET 5 CoNLL-2013 3.
11,009 XA OFIFET— &2 7z o7, £z, BIlORER, HFE T —XI2BT2 FHE
38 0.97 TH o 7.

6.2 FHMEiGE

AHFETIE, FEBEOMREZ BT 2 7D T O 3 D DfHlifetE 2 i E L 72.

16



6.2.1 FTIEEDOZEMEOFE (C-score)

ISR OZ R M T 272012, ETFAHAD n-best ¥ EHSIREO—K
ReiHlis 2. —HEORRHFEL LT, HEEEIEUCBT 2 2R BIERSCAE R E
Hi & L7 2020 Duolingo Shared Task [25] OFHflitEfE e L T X /- EALT
SHBERPMEHT 2. BAEMCE, EFLHEND n-best & BSIRXEIZBWTE
LB U e RS, —H LSRG TEAMNITZITS. 2 LT, HEAMN
JENMEZFHE T — 2 NORSROTEI 2 Z e TBR2AN T 5. L,
AHFUCBWTIE, H2 1 DODASUTHNT 2SR TEE L 7Bz SO
okl CH| o 7 fHEZEHA L LTHALZ.

6.2.2 EFTIEEFRDIEL TOFFM (DF-score)

AN R EFEEZWZ TEZRLT 2D TIE R L, EBRICETIEDSDERERT D AIZ
FEMADPTON TV LY S 2OHIZITS. FHlGEE LT, £3X6.211
AT, FRD 3 err @ n-gram 2> HZHSUTH L TD document frequency (df)
ZRDZB. TIZT, ng®" = (ng{"",...,ngs"™", ...,ngt™ ) IFFRD XD n-gram £ H,
{r i 7 2 ngd™}H & ngf™ ZBOZRL r OB, |R| ISR THS. X
12, NE.22ITRT B, O XD n-gram EE L ETNVDOH I hyp D n-gram
#£5 ng"vP OFEEE nge ™™ hvP 2Rk 3. 2L T, X6.23 1RTED, EFL
DA BT B ngd™ P @ HBLER COUNT (hyp, ngS™" ") 2k, Zo0
n-gram (ZXGS % df 2 HBREEUCHENT, X HIIER D UTBT 2 ngd™ O HIHEIEL
COUNT(err,ngf™) & df ZHIFZMEHOGFHETEIS Z & T, ZDEF AN
THRa7EHEIT 5.

_ H{r:r 3 gy

df; ¥ (6.21)

ngerrmhyp = ng®" N nghyp (6.22)
" COUNT(h ;€T TNRYP) df;

dfscore - Zz:l ( yp7 ng ) f (623)

2?21 COUNT (err,ngs™)df;

ZDORa7Z, df EW n-gram, DF DFZXHZ ZHEDLRN n-gram DBET
MckhEEHEZ LN, HIUTHBLBRWES, REETT5.
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6.2.3 JCGEMRDETIEDIEESE (G-score)

FHEBICBI A EMDETIEA R 7 £ L TOMREZFHE S 2 728, —MIVIZ
FEIRDFTIEX Z 2712 BWTHW 6N 2 FHIHERE 2 W CRHli 21T - 72, —fiREVIC,
JFLEG 120 L TIRRIGRETIEARD SN 270, HEBEO—REREZER L
GLEU score [26] %, CoNLL-2014 123 L T3/ NROIEDAHTH 2729, ZI1E
ETDOAD F T 21T 5> MaxMatch (M?) score [27] % F W CEHfiafThh
5. ZD7®, AFFICBVTHER6IITIRTED, [FEERDHMliRE 2 v TR
ZiTo7.

6.3 SERDETEETIL

AW TIE, SGERDETIEE 7L & LT Transformer base [14] Z HW, /85 X —
ZHEEDH DEHNE*, R—X 54 VEFNLYE LTI, BEA-train 220 % %
AT —&2 e LTHVWTIIBLZET A VR, E— 23 —F RO — AIE
AR L7200 n-best (1D n L RIBRDEZ AW, BBEFEOZHRE — 28 —F
[12] 12BN =05 X —&ZTH % Diversity Strength (% 0.6 Z, Number of
Groups ¥ — AL FMEDOEE AW, 2R FIETHI2MDEMEEZEE LI L —
LY —FDNANR—=NRFGRX—=—REL LT, R—ZAF7A YEFAHRLTIF N =0.5,
f=10%, sIEEZHIH L SEERDEFTIEET AL TIEA=0.1, f=10%
-,

FTIERE 2 HIAH U 72 SRR D ETIEICB W TIE, BEA-train NO2FR D XD SCHAIZ N
BT BH N — 2 Y DN G 2T o i RAIR T — X 2B L, ZO#F7IT/ERL
Tl T — &2 2O TET VDI ZIT o 72. JFLEG IZBWT, RIR2K% ~—
7 OB HWTEEZTo MR ZR62I1TRT. 22T, kb=
D 1 OBEIRRHK N —27 25 L Tl il T — 22wz
BOMEREZRL TS, BERT accuracy (& BERT %MWzl IEE OHEEFEE %
RLTED, FhR =27 Y ORBERDPZ 22 ICONTHERENMETLTED,
ZOMOFER 27 b FBIIE T LTW3. L7d o> T, BERT & X 2HEERE

*FHL/7-71—247—72 : https://github.com/pytorch/fairseq/releases/tag/v0.9.0
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ek b — 27 U FEBEEL C-score  DF-score G-score BERT accuracy

1 29.13 85.14 50.89 -

2 30.16 86.33 50.41 67.58
4 29.75 86.23 49.81 43.33
6 29.18 86.16 49.91 35.14
8 29.01 85.77 49.21 31.24

% 6.2: JFLEG (28 25550k b — 27 >~ ORI 0GR

Fikb—2> RME RRE XK

(wer__1) 001 021 282,226
(wer__2) 021 350 282,225

% 6.3: FlT — X NOFK b — 2 L IHG S 2 HEERER O RIE & S

MR E Y] TRVETIEE DO ANERE NS Z 22z b, @Yt zm LT
ERPoleEZILNS. Rk —2Z  OBEBL LTIZ2DL 2RI E VR
A7 ol ld, RFRICBWTIX 2 ZEIR L. GTIEEZGIEL 2 SEED
RIEE T VOISR LRk b — 27 Y BOHEREROMEE X 6.3 IIRT.
BEA-train NOE3IZH T 2 BEERRRICHEDOWT 2 DOREITHT, (wer 1)
(HEEMRER DMV ERS) | (wer_2) (HEEREROEHWESR) D 2 DD
M= EERL. RN VEBOHBREERORAE L R/MEICEEI RS
N2DIF, ZNETNDORHK L —27 YORGITEWTXHENRFELL R D L5170 EIL
7oledTH5. £z, RXOHERLEZ 2 HEROFA, HIFR, B iTbihs
L, HibmERITI1 28R 5.
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| n =10 | n=15 | n =20
Method

‘C—score DF-score  G-score ‘ C-score DF-score G-score ‘ C-score  DF-score G-score

DGBS 20.60 89.03 48.50 21.30 83.63 48.35 21.76 81.46 48.40
MoE 18.08 92.14 43.10 18.56 83.19 43.57 16.54 95.34 44.45

PBS 28.40 87.65 48.56 29.58 86.44 48.76 30.41 85.67 48.91
+ DLBS | 28.07 87.83* 48.70 29.72 86.79* 48.66 30.48 86.16* 48.52

WER 30.15* 89.77* 46.80 31.55% 88.93* 46.80 32.52% 88.38* 46.70
+ DLBS | 30.22* 89.90* 46.86 31.53*  89.08*f 46.80 | 32.59* 88.55*} 46.67

7 6.4: CoNLL-2014 i281F % 10, 15, 20-best DIFZERHER

6.4 EHERER

£641%, R—2AF7A4 YEFTNEHEDOL — Y —F ZH#IELIZET L (PBS),
SR L — B —FEHIE L7 EF L (DGBS) [12], MoE [16] ¥, EFETH 5
FIIEEZHIH L 72 SRR D ETIEE TV (WER), WER ISR D Bz EE L7 L —
LY —F &G L7z E TV (+DLBS) OFHii 7 — X IC B 2 EEFERTH 5. %
7z, 10, 15, 20-best IZBWTEBREITo/. 7AX VR (*) 134EEFED PBS
LT, EA— (1) 1 E +DLBS 2 WER X LT, 77— A +Z7 v FEICED
BEKHE0.05 TREEDV DS Z L 2mT.

BEFFIETH 5 DGBS & MoE 1%, PBS T2 e HhoZHME RS C-
score DME T LTHED, MBS ICBWTIZE R NS DOFED, SLHFEHRD
AIEIBWTIEEMN TRV b2 b, X 5IZ, 15, 20-best IZBWT DGBS
DF-score KX TLTWEZ 056, FTIENFAERITIICBVWTHHFXHZ
PIToTWwWb eEZ6N5. —HT, BEFIETHS WER I, G-score IZET L
TW32, C-score IZBWTWITNDOBIFEFELD D EM->TED, DF-score b
WZehbH, WER BARERETIEZITS 222, ZRAENZERTETNS Z
EDMERTE S, 22T, G-score DIRTOFERJFEK & LT, “It is hereditary .” &
WH ANSUZH LT, “It is a hereditary ” NDETIE & W 5 RRAE et qd D A 72
EHE Ao, ZRGICHY, fllWETIEDEML 2 Z e 23%iFohd. DLBS
% PBS I L7258, 10, 15-best 128 W T C-score 23\ E L, DF-score d

20



M b U7z, FkC, WERIZHEFH L7581 10, 20-best 128 T C-score A3
L, DF-score A ELTWA Z ol IENDELREFOAZZRILLTWVWS Z
EDERRTE 5.
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JFLEG CoNLL-2014
S Y | | ©
| GLEU Witk | P R Fos  HiEBMIER
(wer_1) 45.66 0.12 57.19 24.00  44.80 0.04
(wer_2) 49.40 0.17 49.97 34.44 45.84 0.08
(wer_3) 50.41 0.23 4271 39.25  41.97 0.13
(wer_4) 47.88 0.32 38.01 41.27  38.62 0.21
Gold | - 0.24 | - - - 0.15
RT7.1: Bk —27 B3 ETIERGER

X

BTE 9N

7.1 FTIEEEOHEICEEY 30

FTIEEZHIE U7 SCGER D ETIEE T VB WT, EBRICKRHFE =2 ick b ET
NOFNEEDHIHITE TV S »OEEEIT o7z, BIRLKIK N —2 Y TDR]
EFEDOEWEST 2720, TOERBRTIEIERN—27 0BEREZ 42 LTHEEL
ETAVENHALE. 207D, ZOHHIZEWTIE BEA-train NO2XHIZE
2 BEERERICHEOVWT 4 DOEEICTT, (wer 1) (HFERERDR SV
£5) , (wer_2), (wer_3), (wer_4) (HEMRERORDEVWES) O 40Dk
W=V RERLE. KT, 2TRA—DETATH L0, Zh2NHEERD
ANLDENI U TERIFHER =27 V25 LGE0MEEZRL TS, f
21X, (wer_1) ®f7i& JFLEG & CoNLL-2014 O AN XX DXFHIZ (wer_1) %
5L THERSELGEOMETH 5.

HEEMRERDINL, ZhZNOFMET— 2D AN e ZRIIXHIGT 5 ET LD H
XD 5 HEERER O FIGEZ RD AR TH D, Gold DITIFSIL & O HGEMR
BROVHYHETDH 2. ThoDfEZREK -7 iR T 2, Fkt—72
VIREDERSINLHEREROKRZ AL TEBROHERER D Z(LL T
Wb ZEHbrsb. OFD, KR VICK o TETLORIEEZHIHT 2
EWARETHH L TWS., LeL, A—F%b—2>ATH JFLEG &
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CoNLL-2014 128 2 HEEMRERIPELR L 2 bbb, —/H T, F—F%kbt—2
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Multi WER | 30.15 30.22 | 31.55 31.53 | 32.52 32.59
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Oracle WER | 31.10 31.17 | 32.38 32.44 | 33.44 33.50
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