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Abstract

Grammatical Error Correction (GEC) is a method that automatically corrects
grammatical errors in texts written by language learners, which is widely applied
for various fields such as language education. While research on GEC has primarily
focused on English, studies on Japanese GEC remain limited. In addition, many
previous studies have trained a single GEC model without considering error types,
thus failing to fully account for the distinct characteristics of each type of error.
Furthermore, it is crucial not only to correct grammatical errors but also to provide
feedback on the nature of the errors in order to support language learners in
understanding their own errors and acquiring correct grammar. However, such a
research direction is not well studied in the field of Japanese GEC.

This study proposes a method for Japanese GEC that integrates an error type
classification model and individual GEC models that are specialized for each of
the error types. First, error types are predefined, and specialized GEC models
are trained for each of the error types. For a given erroneous sentence, its type
of error is identified. Then, the GEC model corresponding to the identified error
type is applied to generate a corrected sentence. It is expected to improve the per-
formance of GEC by utilizing specialized GEC models tailored to each error type.
Finally, both the corrected sentence and the identified error type are presented
to a learner. Showing the error type helps learners understand the cause of their
error, facilitating more effective language learning.

The details of the proposed method are explained as follows. First, seven error
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types are defined: “postposition,” “auxiliary verb,” “typographical error,” “verb

conjugation,” “incorrect choice of verb,” “incorrect choice of noun,” and “other.”
Pairs of erroneous sentences written by Japanese learners and sentences corrected
by native Japanese speakers are extracted from the Lang-8 corpus, an existing
dataset of GEC, with preprocessing of removal of edit markers and so on. Next,
error types are assigned to each pair of erroneous and corrected sentences by the
following procedures: detecting differences between an erroneous sentence and a
corrected sentence, performing morphological analysis for word segmentation and
part-of-speech tagging, and identifying an error type by manually designed rules.
A pair of sentences is removed if an erroneous sentence contains multiple errors.
Through these procedures, a dataset consisting of triplets of an erroneous sentence,
a corrected sentence, and a label of the error type is constructed, which is then
referred to as the “Type-labeled GEC dataset.”

Next, the error type of an erroneous sentence is classified. Pre-trained learning



models, specifically BERT and RoBERTa, are used as the base model. They are
fine-tuned using the Type-labeled GEC dataset to train error type classification
models. Furthermore, data augmentation is applied to increase the number of
samples for “typographical error” and “incorrect choice of noun,” as there are a
few samples of these error types in the dataset. Grammatically correct Japanese
sentences are converted to erroneous sentences by artificially introducing errors of
“typographical error” or “incorrect choice of noun”, where the KeiCo corpus serves
as the source for grammatically correct sentences. These synthesized erroneous
sentences are then coupled with their original sentences to create additional error
correction samples. The generated pseudo-samples are combined with the original
dataset, and the error type classification model is fine-tuned using this expanded
training data.

Next, the method to revise an erroneous sentence into a grammatically correct
sentence is implemented as follows. A sequence-to-sequence model is trained as a
GEC model where an erroneous sentence is an input and a corrected sentence is
an output. The pre-trained language model T5, which is applicable for sequence-
to-sequence tasks, is fine-tuned using the Type-labeled GEC dataset. The dataset
is divided into several portions by the error type, and a separate GEC model that
focuses on one error type is trained using each portion of the dataset. As a result,
seven different GEC models that are particularly tuned on the correction of the
specific error type are obtained.

We report the experiments to evaluate our proposed method as follows. The
error type classification models are evaluated on two tasks: the error classification
task as well as the error detection and classification task. The former is a task to
classify an error type of a given erroneous sentence into seven classes (error types).
The latter is a task to identify whether a given sentence contains a grammatical
error and classify its error type if there is an error, implemented by adding “no
error” as a classification class. In the second task, grammatically correct sentences
extracted from the Lang-8 corpus are labeled with the “no error” tag and added to
the dataset. A dataset consisting of 150 erroneous sentences manually labeled with
their error types is prepared and used as test data to evaluate the performance of
the error type classification models.

In the error classification task, a comparison between the two language models
used as the base model for error type classification showed that RoOBERTa achieved
a higher F'1 score than BERT. The data augmentation did not improve the F'1 score
for BERT, but it led to an improvement for RoOBERTa. The highest F1 score was



0.60, which was obtained by the RoBERTa model with data augmentation. On
the other hand, in the error detection and classification task, BERT outperformed
RoBERTa, achieving an F'1 score of 0.55.

Next, the performance of the GEC models is evaluated. A single GEC model
that corrects errors without taking error types into account is used as a base-
line, and its performance is compared with the proposed method where individual
GEC models for each of the error types are employed. Two variations of the pro-
posed method are considered: PROgo14, which switches GEC models based on the
ground-truth error type in the dataset, and PRO,uto, Which switches the mod-
els based on the automatically classified error type. In the PROaut0, the error
type classification model is the RoOBERTa model that has been fine-tuned with the
augmented dataset. The GLEU score is used as the evaluation criterion for GEC.
PROgo1q outperformed the baseline in all error types except for “postposition.”
The overall GLEU score of PROgg1q (0.7739) was higher than that of the baseline
(0.7618). However, the GLEU score of PROauto was 0.7390, which was lower
than the baseline. Especially, a significant decline in performance was observed
for the “auxiliary verb” error type. This may be caused by the low performance
of error type classification. The improvement of the performance of the error type
classification model remains important future work.
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*LTHHIHEN S,

ERRANT O ELFHIILIR D@D TH 5, H I, SiedbEERIE T 5N 5,
ERRANT I 3FED T — Xt v R EEBIHKER T, FriOIT— 27 /) 7—
PaVT—EAPAETH LD, XFXERFIED GEC T AT LMGHAIRETH
b, BAT, V—IR—RDFEEZRHALTEY, =7 —%A4 F2HEI>O—E
HDdH 2 FIETHETE %,

ERRANT &, HAGE GECHIRICHEELZHEZTW5, /MUsiE, HEEMR ER-
RANT #SE I HAGEICRHL LB X 7 OKET 21TV, B2 X 2 & 3 -iia —
NRRAERER LT 9] HARFEICBIF 23GEHR D ZRRINC T 2 FiEERE L.
FE2E2EE SNS Lang-8) D HAGEREEH a— AW L TEREX 725 L, 2
DFER & 7 & a— 2%, HAGE GEC 7L OFHiRRER 3 £ 7 LB OMEEL
BUCRIHT = %,

2.2 FRFEAHSSHEETI

HHIFEBRASHET VI, XOEREZHGET 2O L 125 ET LV TDH
D, HOPUORKEDT F R M LHFNCFE I NS, FHIFEEAZEETT ML
HASHEUBICBWTKRERERZD L6 LET 0 —FTh 5, KT BERT[6]
¥ RoBERTa(A Robustly Optimized BERT Pretraining Approach)[12] &, fRZ&H)
BETNE LTRSS EHEATVS, AHITIEZ. 2 5DET VDR RIS
DWVWTIEN D,

BERT (&, B51AI®D Transformer[19] Z &M & LT\ 5, FHATFERICITIA (3L
BH HSOR, b L IUESORD 3 HH) O XARIGIRZ FIRFICHR A 5 2 2 T, mEAR
DRER#EZ FTREIC L TV %o BERT OHATEF I RO 2 0D X A7 VWL
%, 1 DH®DAX R 213 Masked Language Model (MLM) T» %, AJIXXHDO—FS
Dh=2 <AL, Tz TT 22X 72T, RKERZYET %, €
TOVEBROBEKBEBIEILTO LS5 ICERS N,

N
Lyin = — Y _log P(t;|T\;) (2.1)

i=1
TIT. 6 BRI EINHGEE T 3~ R 7 SNHEDANDOHEDRE (X)
THb, 2 OHDEXZZ1F Next Sentence Prediction (NSP) TH %, 2 DD XH3H
T A0ENPZHET ST, XHOMREEZEE T2, ZOXRT7DEKEH



BT XS ITERS NS,
Lysp = — [y log Pxsp + (1 —y) log(1 — PNSP)]; (2.2)

Z 2T, y BEXoEHMET N, TRDE 2 ODOXHHEKET B (1) D (0) 2R
TINLTH B,

RoBERTa lZ. BERT OER%¥E unt 22N E LLEIFEEASEET LT
» %, RoBERTa Tld. HHIZFERICWL O OEBELREZENMZ SNTNWS, &
—IZ, B~ AF Y 7 RRAL. SRy ZICBVWTXDRLE I E~YR T T
52T, EDBRBRT—EPOLEHEETNEZFEE TS, H I, BERT THW
LRTW/ZNSP 2 27 %FEIE L, 3 L7 EEBDO ) 67 3 B WHEES| 2 H L
TETNEFET 5, BT, FATFEDHIZBERT & H b KR T F X b
F—XEBHEHL, LD EVHKBENPITCSEBETLEZEELTVWS, Zhb
DHEIZE D, RoBERTa 3 BERT #8232 MREE /R L THE D, FHTEME R
fRADBEY T3 RAZIZBWTENBRZH T TWVW5,

2.3 RIZTHWETIL

RINZHLE 7L (Sequence-to-Sequence Model ¥ 7z1& Seq2Seq Model) 1%, AJ
ENTRINT =2 DRINT — RIZEWT 2ETALTH D, FEHEIER. ZH8.
GEC ¥, IRINWHASTHEUH X X 7 THHI ATV S,

BRI 72 R A 222 7 L1E. RNN(Reccurent Neural Network) (22D Wiex >
A—K— - TA-R—WEERD, ZOETATE, Trya—X-—»NANhRI%
WL, ZDOANRINOREERT 2 TFAPRZ bv) TEHBL, Ta—
R—WENZHITH I RINE LR T 5, EEDETIEX R 7E, ANz TR
DHBHX . Mz NMELWY] 3 2R5EHREE LTESNMLEh, RINE
METNEHET LI THRAIEDNTES, ZOLE, BRD DD B PO
Bz IEMICIRZ 2 ET N2 ET LI EDNEETH 5,

L2 L., [ERORINEHLE T MTIE, (1) RVWRINCBT 2 HEERM DK R %
EEHEICIEZ R, ) mya—X—2ERT3EEREDa Y TF X MRT bL
PERIBRZ S| SR I AREMEDL D 5. Vo REIFET 5, 206 DFE
Z RS B T2 DITTEEREN (Attention Mechanism % 7z1% Attention) | BEZRIN
7o Attention &, ETADBANRINEERDIEREEZEETE S L5, Trya—&—
DERZAVIREE h; ZEAMNITI LTIy T7HF XA MRT ML ERERT 5, ZOEAZL
To LS I2EtExN 3,

~_exp(h/s))
M exp(hys))
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ZIT ay FTya—X—0RIRE h; £ 7a—-X—DRIIRE s; DFOTER
2a7EZIEFELdDTH %, ay ICXBPEATFICED, Ta—X—FANHK
F R & ARG EZ M T2 Z e A TE %, Attention I2 X D, RIIEHET L
BRWMEFBERZR ORI T — X Z2@UNCHS 2N TELZ K510k 7,
T5(Text-to-Text Transfer Transformer) (%, Google Research IZ X o TIRE X1
TRINEBE TV TH 5 [15], TRTOHRSHEUHEX R 7% [TF A o7 F
A MANDOER L LTERLT 27 7 u—F2FHHAL WS, 20—y
B—FIZED, BROEXR 7 ZBE—DETFT VTR ZENARETH %, T5 DR
¥ LTI o5,

RZAIERDFE— TH5 T RTOERRAZ 2T FAMERTIRS 120, AR
RERR R RI DR R BN T X 3,

I>OA—4— - 7aA—4—iE T5 & Transformer[19] IZHEDS Wz vy a—&X— -
Ta—X—fEEEZRALTE Y. ANXORERKFRGRZ IEMEICIEZ 518
N+,

BERRB I 7MY Fa—=>% BERT % RoBERTa ¥ [FAkIC. T5 I3
I— RATHEFFEEITV, TORRNEDRAZIZT 7 AV Fa—=0 75
5T, MALBTRRAZICERICEATE 3,

T5 X GEC I BARIWCHEHATE %2, I kbbb, ToDATE FEbDH 2. Hh
2 IMELWY CERTUE XV, T2, FHAEEBA TS €7 0% GEC D7 —
Bty P EHWT I 74V Fa—=2 T3 8T. B GEC 5L ET
%%O

2.4 KK DEHE

AR DOREIE, HARGEOIEEDETIEX ZAZIZBWT, i) XA T eif
DETIEET L EZHASDLEEH LV o —F2BHALTWAEICH S, KD
GECETMWE, IRTOED XA T2 H—DET VTN T 2720, iRH XA 7
T DFREETPICEETERVE WOISHELND -T2, ZOREEHIRT 5720,
BhERL TBhEpER) TEREC) RE 7 MEHORD X4 T2 ER L. ZhHD|Rh XA
HBIZMEMNOMOETIEET V2R E T 5, RO XA S hze Z, Rh &4 T%
HEL., ZOIED 24 FIFHL LR DETIEE T V2 W TETIEX CUERNZIE L
W) BT %, 4 DFEDETIEETMEIED X 4 THORHEE KL T\ 72
D, TNSHEED XA FAWIEE THEWIGTF 2 2 8 TEM D FTIEOMRED M LA
HrFTE 2,



F£35E RBREF;

3.1 HE

AT TIX. HAFEEGEEDER LI UCEEN 2 SRR D & HEIIC 8
L7z bET. ZOEYZFTIEL. ERICIELWXICEIRT 33 A7 LAZIHRT 3,
REFEOMEZN 31 12RT, BEBEFHEEIRELL22DRA Ty T IZnToh
%o WMPIDAT v FFED XA TONFETH B, K31HDEIFRY DX A T%
3, Bz, THIROER) TEFEOIEHDIED | REZERD XA T T 5, 52
DAT v FIFRDETIETH %, IERD 2 B0 308 SEMICIE LW ER T %
EFNAEHWS, 72770, SERDEFTIEETUEEED X A4 THI@ARNCFE $ 5,
X 3.1HD GEC \FFRY DR A T B L LT SGEEDETIEET VR RS, 2D 2
DDAT v THET, BODPETIEINTX LR DR A THEREF IR REIN G,

FTIEE 73

BYOEA 7
538

X 3.1: RFIEOME

PERD GEC DFHETIX, S DR A SIS, O XERIELWICERT S
H—DETIANFEEINTV, LHAL, HARBFEEFICX 2D OREDFREK
X, XOARZITTIERL, FEHEOREORESCYEHEOFHEE R A4 1
BRDPEHICBER L TWS, 207D, BIFD GEC E7 LV TIFR b BAEDFEK %
T CTE S, ZDOITERD ZIEMEICETIETEROWATREMDS H 5, Z
AT L. AR TIEEED X4 THICGECETAEREE T3 22T, idh 0ERA
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PEHEICIEAE S 2 2L, ZDOFEHRR D ETIEDMRED A L3 5 Z & A HARE
T& 2, THITIZ, BB EDEDDEWRRT 4 — FNw ZR¥EHEIEZS
72D, HICRERD ZFTIET 37213 TRL, MR 4 FHEEEIHRRT %,
IR, 2207 v FOFMRBEEREICOWTIHERS,

MR TORE D X 2 2135 (3.1) O X 5 ICERILE NS,
§ = argmax P(ylx) (3.1)

ZIZT, x EANX, ylF#EHY R4 T CIEFRD XA TOHEE, Plylx) Zx DX
FRRD Dy ICEY T 2 MERERT, D XA TBHEET IR P(ylx) 252 %
ETNTHDE, KA CTEEMFEBEABTHBETNEZ I 7 AV Fa—=0 755
ZETh 24 TRBHETNVEEKRT 5,

BRDETIE AWIETIZ, AN L2 IE L WSUSER Y 2 RINERE TV
ZHEETHICTHDATIEZREY 2, #ADETIEX X 7133 (3.2) @ X 5 i1k
b,

y = arg max P(y|x) (3.2)

22T, x TR X, y FETIERDX, Py|x) Ex Dy ICFTIESNSERTDH 5,
AL TR, RINEHET LV LTHEMEEINLEBET AV I 74V F 2 —
=TT BHIETHELNLETIICE > THER P(ylx) ZitE T %,

3.2 B|DODAITDER

RETTIFED X4 FOERITOVWTIBNRS, KK S DIIZE [13] 2BEI1C. HA
FEEEEMEICBOTIL LR T WSHEN R D 2 TOD X4 ST 5, iR
DA TEBLXSZDHIZR31ITRT,

IR, ZRH2e2NDi’h 24 FI2OWTHHT %,

El. BIFIDIRD FEENEYIRBFEZES e BN TERDP LMD TH S, F
BEPPFDOE L WEWGZFHETE TWRWEEICHET 2, i@, 850
BIEAD 7z & 5 BigElz Rz Lz b, XURIZIGC THEYIRD D25 BED D -
720270, EEEPBEDIRTV, FICXOFEER TG NI » FEER
TG A3 DN T HIEHE LW,
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< 3.1

D DRA T LETIE

HEHHAEDOHELZ

mBOorAF MOhEEITX EFLWLWX

E1 Bz RICDALD LTWED | RTOALY LTWSED
H DXV TT, H DIXRVWTT,

E2 Bh#EhE HOKRHIZ B VWHIKRE | HOKHIZZr VWS KE
R RZH->TWVET, RRZE>TVWE LT,

E3 i DOV 273 ED | 2OV 7 Y TR
DFrzad—"rRH AN | DT/ ad—%2HD A
TWVWET, NTVWET,

E4 #iEA DiE BiiH ko ICLWD T, | L H ko 8L LWVWD T,

HEHHAEDOHELZ

EXFIHATLE, HIFFEFRHATL
E5 #hFa (HEEEIR) | ZFRiIIcHRICE o7/, | ZERNICHARICK E L
72
E6 %5 (HEEEIR) | AHXADEKNRES LU | AHX ADKR—ILHHRE
[N 5 LW !
E7 ZoDfth ZOWREIFELWVWTT, | ZOHEIZENWVTT,
E2. Bi#EEE FEEDLE L WHEEZEIR T E R o 7238 b o, B  oiEHE

DIELLK B ol WHRD TH 5, BhE)

AR RBL, MERB, AJRERBIL

ERkA B e oD, FEEBEIZL o TZDFENITITHEEL W,

E3. R&C HEEMD ORD TH 5, HAFEDIEHET., UODR, AXAFWVIF
BHhrWzd, TOXA OB ITIE. BF
DT, OB IZDFORBRENEGEEND, Fic, BULEBIRERES
BEENREFEIND Z 220, FEENFEFICENRTORVWESICL AT S

BORGIMKZRZHFH O Z L ICERT 2

hTH %,

E4. BI5EDER

B9 2 HERSCHMES AR L T2 2 EITRERT 2,
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E5. 85 (BfEER) FEEINURSGEIC U @Y 285 2@ R TE v
WoiRDTH 5, HFREPLEROEVEFNER L TEDLN L Z 2L, F)
A DENTTFIZEE S 2 EE OB RDEETDH 5,

E6. % (HEEEIR) E5 Ak, FEEIXIRSLHBEIIE U7z U 746 %
BEIRTERVE VWS LEDTH S, HREDERDSE IPLELL -EKZ D
FFAPZNZ IR T 5, T, SFENRERE ZEOMHIGHN R 5545
DREETEILH ZOMRDODERDVEDTH S,

E7. €O ERLOWFTIUTB DS NRWVIRD TH %, HEhiaa Rz O Ed] 7z
. XHEDTHAZ, £ XERDOERNZAEESREDNZET 5, £ 3.1
DHITIE. TEL WV IZHRBARIALRE D L ZIHEDLNDIEAFATD 205, MR
DEED & ZIZiR-o THDONT VWS, ZOHEIF TEFv) t WS EEFAZES
TR TH %,

3.3 F—4tv hDIEE

AREICIE, AR THEHT 2 24 A(FZFRDETIET—&t vy ) OBEEIZOV
T %2, 207 =&ty MI, FEEDMERLUZSGERD 230 (FRD X)),
ZFNESCGERNCIE L WSUZETIE L 72X (RTIEX). RO XDFRD X A4 7 D 3 Dif
EIGRL72T— &Rty b THB, ATF—XEy ME, EDE[IEETLOEEPHM
DETIEET L OEEFICHWS,

3.3.1 Lang-8 J—/\X

RAPNERDETIET — &ty Ml Lang-8 3 — 8RB RX— R ITHEET 5, Lang-
8 I — R RUF, FEFEFEEDMEM L MEX E Z DRHIF R Z 80 KRR 77— &
Y b THD, FISHERDFNEOMFICHHI ATV S, TDa—RiE, ¥
ERERTOMHERERY —> v b s 2y bY—F 27 - B —VY X TH 5 Lang-8
(https://lang-8.com/) 22 HINEE N7 7 — X ITEDS W T WS, Lang-8 Tld, #B¥
FHEMELZER L. A T4 TAE == LA EEDR ENEHREIT 2 7
7 v b7 x—apfRftshTnz,

Lang-8 I — %%, FHEPHRBR LAV I FILVDONLE, 34 T4 TAE—=H—
2 ERFEEE L LETERONE, FEEORFEERAREPEEhTWVWS, RR
T BHERAN R BERE (NAIST) OMAIFEZEIZ &K 5 T, Lang-8 12 2012 4E02 5
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2019 T TEBR S NIAEX L REIFERDIE S L, /I Tws, BB,
Lang-8 I — S IHE M BEINCR O FHFFRI 2 TE D, AN ZHE
T A5 RETADOBWEDLERINBRETH 5, Lang-8 I — I, JEFE,
AGE, HERFE, WEGE. ARA VB, 7TV RAGBRY, BARSIED T —XNE
FNTWVB, FHIHEEED 1,069,549 . HAGEDI 925588 &, 26 2 DD FGFE
DT —=RPERDZLNPEREINT WS,

ARFZETIE, Lang-8 3 — SR BI2HAE T -2 HHT 5, BlicihR7z LS5
12, HARGEDO T > MU HEIE 925,588 L KEIBETH D, FEHEDZARIZIED KX —
VERFELTWVWAEEZON S, F, MDETIEET NV ZHET 27D
BRI TVWDIEE X 5,

# 3.2: Lang-8 2 — % 2IZBIT 57— XD

R FTIEX STIEX (2 UTRER)
CAVWHIFAREA! Z A [f-red] 1Z [\f-red] CARHBIEFABREA!
HIXALEA !

FNVWKRTAZZWN | FAW [fred] 72 [\fred] | ERWVWRATIUITTZW
LE L7, AT [fred] 12TV SWLE L,
W [\fred] UE L7,
D HAGENT=T T, D HAGE [fred] & | BAOHAGEIEIANLTT,
[\f-red] N7=T9,

WHEDIDIZ Las Vegas | WHDDIZ [f-blue] 7 | WHDDIZT AN R
PNnE X L7z, ANH A WKWE L7,
[\f-blue][sline][f-red] 23
[\f-red][\sline][f-red] {Z
N\red WE X L7z,

Lang-8 I — S ZIIIFEHBEDOIEERD A T 4 T A = — ERFAEHED
WHIL 72 XFERDEEN TV EH, ZOFIIIREDBIERITLBIENEE RS
RTDBHVHNTWVWS, BIZIE, FFTXTFERLALL I Z2ET [blue], 7RF
TXYFZRILALLZ e ZRT [fred]. WDIELRZMITIZ & 2K T [sline] R Y
DRIDB %, RIFETIZEIEIRE £ T [sline] X Z7NOSFEFZHIFR L., fho &
27" (3l [f-blue] R [f-red)) 1ZZ DX T DAHEIREL T, X7 DIRNMEIEXZAERT
%, Lang-8 3 — RRIZBIF 3 HX, BIEX, XI7ZRELLEBIEXDHIZE 3212
NI

—f%iZ, Lang-8 I — % RIZHBWT MFHE3Z) % IRTIES & LTEREh TV 3
7T XA MIEBOXD» HHBEEINT VWS, £2Z T, FHREPEVTFX X
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AT 4 TRAE=A—0BMBELTFRAMNEHAICE>THEIL, FX GRS
) LEIIEX COEMICIEL W) & 1 ™ 1 ISR 2, $4bb, XHAT
Y ORTIEREFIZNERT %0 Fizw XOMTT DD, X & ETIEXH—H
LTWBHEIE, THROLBEIEMTONTORWESIZIE, ZOXDOME T —
Xty M BERET B,
FRRO—EHDOFHEICLDIRD X EETIEXDHDEEERH S,

3.3.2 BORATDOINILFFIT

AIECTHERINT T XLy MZBIT S 2D, ETIEX) ORTIIHL, 8D
RA T T \MMIFT 5, (5T 2D XA FEX32 HITERLLT DDFRD X
ATDOVWITNDE T B, RO LERTIEXZE L, BRD XA T2 — I R—=Z2D
FIETHET S

D XA TDITRANNTZITICDHD, AL LT, diff match patch 7
A4 77V EHWTED XEEFTIEXDXXFOXIBTT 21TV, WE 238 5 &R (2
FLEFT) ZFRET 5. fR D UTBI 2 ZREFNIERD BIREL TV ST AT
ZEMTES, ZDF4 77 V& XFHNBOERZRNRINHE T 2 Z & 3A]
BETH 5, FrC, DX LEIEXDREINEL 2G5 TH., ZRE % EHEICH
HTx 2, AIZETIE. I8 D XL ETIEXDEREH 2 ETL EH 3 X D% 57—
Xy bBHRNTE, ZHUTED, T—XtEy MTBIF 2D UTIEERD
MIDOLDPEENRNI RIS,

KIZ, DL ETIEX 2 TBRERMEATY — L MeCab % FIWTIHEERMBHT T 5, &
AU XD FHFBICHI SN, FRBHEOMADERIFON D, £z, Hid
DEBEFMHERE G022, B PRAE L EFOHEDHFHIE LN D,
ZOMFADERIZIRD XA TERET 2BICFIHEI NS,

IR, 7T2O08) 24 TOFNEFUIONVT, ZDXA TEEET AL —ILN—
A DR ZFRAS 5,

El BiEEDYFE BIFDAD 2RET 572012, KR TIEE THIGEIOY 2+ %
ERR S %, BARINICIZ. HAZE RSB W TEEREE 2R3 Nx (23 Ny
(D) TCy Ty Ty 2 WoigBEE D X MCERT 5, KIZ, I X EETIE
XIZBWTUTO 3 BEOWITNLDOERNIED S -HE, @b X4 7% TE1
g, HIET %,

1. BhE & @ 35D SCh OB ET IEX CTHIOBENCE 212 5758,
2. BIE 0B @ FTIEX THi - ICHEDEm S M58,
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3. BhEADHIER © 55 D R OBIESETIEX THIR S iz E,

FIREBRTIE. ZOHEIC X SEBEOR D oM OREIZIEE ICE W Z & D3
Hh\é hfuo

LR OB OB 2T 200N TH B, TSR Rl
#Al, K&BhEA. EIBhER. RRBIGAORED T 5, R D X BIE XD ZERETNIC
B BHFEO RGN TBIEF THEGE. ZORDXDX A4 7S TEL BIE & H
I/:QEj_%o

E2 BIEEEDAFE M LU 2ZRERNCBI 2 HEED D [BhEEE) o &, iR
hxA 7% TE2 Bi#E] & Lz, . Ej@ﬂﬂ@nhb WZiE. BhEEES AN (RiE) L
TWAEE L., BFEEIEENEH I N TWAGED 2 DODNRE — U NFEET 5,

E3REOHE B[ EOT—&ty MBI ZEY XEFHANEZL 25, Ridid
DDZLBARAFRILL OODRRKLICETE2bDTHo72, ZORRERE
Z. Rl 2T 272912, MO X LFTIEXDOEZREFRZFHNR, X DT ZF
XU RDORLICERN R SNZ0EF v 7T 5, X5, EKitar b % Bhi]

DD SLHEFADD L Vo 72MDFR D X 4 T HHMEICX AT 5728, B X DT
itﬁU%#E@ﬁﬂ@%%#%ﬂkﬁﬁﬁét%@&ﬁﬁﬁbtﬁ&?%oA
EKENZZ, LT TOEER T 2 24 7% TE3 £id) RET %,

1. %Ei’zﬁip DY@JTZ%%%*E%%R BWT r%nilj e LVCnunﬁénVCL\
2. RBREINHETEZEFRVA XD FT ROV RDERILTH 5,

3. D W EIEXDMRENEREN 1 ThH 5, ZHUX 1 LFDIED DAERICED
Y UL 2XFEL FEOBED I ZHEERANORD ¥ AR L THOMEY &4 120k
TBEDTH 5,

E4 BFDERARD OFE #FOEHICED 2D 50 %F 2y 73 5, BRI
3. UMM E2E T e &, R X4 7% TE4 ZEoiEH) LRET %,

1. ZRMEFTDETIEXH ORERBAEIRICB W T T#E) & LTI T
W3,

2. AZREFDPEFEOFEFTIIR L, BRI LTV,
3. ZREFIDVODRTH 5,
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4. MY XA EXORERMEN 1 TH 5, (ERI1ILFETH?)

5. MEDNFOEBTH S Z, TRHROBIRD XD 1 3FMETIEXTHID 1 X
FIEEHIOATVWE L E, ZD2O00XFORENELCTHS (A+H
RIZBVWTRILITOXFTH2) »FEMPRICTH S (A TERIIBVWTHLU
FNOXFTH5)o

E5 85 (BEiEHER) OFE 40 X ERTIEXDEREFTICEZS 3 % Bk fhadh3
"BiE) TH D, OAEREFH (FEFEOTEMFERE TR L) BE 0BT 5
&, BEQHEEERORD LHET 5,

BRI, UTo&RMEZ2 2T E. 880 24 % TES B (HEEEIN)
ERET %o

1. ZREFTO M STEREBEMRITICEWT TH8E) & LGRS ATwa,

2. ZREFTHHEF OFERICRE T 5,

E6 %5 (EFEEEIR) OFE AD XEATIEXDOZREFNCLY T 2 HAED Maan
(%) THH, »ORHAD E3(RFL) OIRD X4 AU Lkwe 2, HiDH
FRRIRDID ¥ AT, BNz & 512, % (HEEBER) o b, 1 XFR
EoFZD TR L, FEEN R EXICHES R WAz E# R L 58
ZREL TV,

BRI, UROEME22 T3 =, 4h X4 7% TE6 Hii (HAERER) )
DiIRD LRET %,

1. ZREFOMEFD [HE) TH 5,

2. TE3 £id) O Y O ZHM- X0,

E7 ZDMOEE ZoMmoiED ik, LEEOWT DAL —IZHEZE LRWVWERIC
DT 5, BTNz L 512, 2o x4 Ak, B, BhEhEE. K. BhEAS
FI. B (HEERIR). & (BAHEIR) L Wo IREICER SN D X 4 A2
HBLEBEWTr—RXThhH, 7ENPNELRZRRZED ZEAET 273V TH 5,

FRETHERTEN—=NAR=ZADFRIZ L > TG INTED X4 TOHEZFHN
7=, TR LTHIE L 200 F0Y > B FAWTATFIC X 25l 2 EhiE L
zo BIRINCIX, ZRZNDOSNfT 5 EINZRRD XA THIEL VLY S 0% A
FTHEL. ER GRD XA THRELL DETELY Y ILDEE) 2KRdTz,
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Z DFEHR. EMERIZ90.5%(181/200) & o7z T DRERIF. M—IR—ZDFL
DEWFEETIRD 24 725 TE25 2 2R LTV,

#3313 WEELLXA INEZEDFTIET —ER=IZBVWT, ZOZNDRD
RA T ZNZEET B9 TAHE RO X ERTIEX DM OE) Z/RLTW\W5,
FADED PR BN e DBOD 5, Fiz, ZIUTTRNTHEG (HEEER) . BE
EHDORD B2 N 26, BEAD FRHAREBEEEN I PTERITH L VWR
%, BIRTBEE 23O Y T 65 KR T — 21y PRI N,

% 3.3 ZA N EFRDETIET — X X— 2 DiffiaE

mbarA~7 &
E1 B 84,371
E2 BhEhE] 18,029
E3 #R&d 9,283
E4 B8R O H 33,247

ES Bhaa (BHEEEIN) | 37,719
E6 %0 (HEHEIN) | 27,261
E7 Z DAfth 25,444
&t 235,354

3.4 BORATONEE

AECERRD X4 TR ST 2 HIEICOWTEND, 341 HTE, #h x4 7
HEEFLOFBOVTHENS, 342 HTE, EFLFEOLDOMT — %
BT 27— ZRISOW TIN5,

3.4.1 BORATHEETILDFEY

AW TlE, FHHTFEEFEAD BERT BX UL RoBERTaET /LD 7 7 4 VF 2 —
SV ZWREDIRY XA TOREETNEFLET L, BRI L ERIFE %
AETNVEILLTDOBEY) TH S, TNHIEHAEDTF A M SERIEE N, H

B DOREWHBICHEICLI-ETILTH 5,

e BERT:: bert-base-japanese
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e RoBERTa: rinna/japanese-roberta-base

TODID XA FIZHHET 27D, FHiFEHAET/VBERT % L € I3 RoBERTa
O Iz, 77 7 ADHNEEROSEEEBNT %, 774 v Fa—=V
TR, D EH T -2 RXR=X%Fl# T —% & LT, BERT % L £ % RoBERTa
DRFTRAR, BIXOBEBMUEL2EEED N7 XX EEHT 5, BRI, 247
MEBRDETET —ZXR—RIZBF2E D2 AT, B 24 T2 H e LT, &
KB NE L R D XD TIRAREEHRT 5,

D RA TR A OEKEFE L TREL Y e ¥ —H#H% (Cross-Entropy
Loss) 23 %, ZOEKEBIILL TR TRZ NS,

N
Lop=—Y yilogi (3.3)
=1
ZIZT, Bl 5OERIEIULTOED TH 5,
o N IRy FH A X,
o y X7 —X i DIERT L (V¥ ky MERTERBE I WML 1)
o  IET =X i WL TETADTHT 250 7 XDMERI T,

3.4.2 T—2LE

AFFETHER L7234 D ST IEHB 7T — 2 R— X TlE, £33 IWCRLEEI I, H v
TN DI VERD 24 T3 5, BRI, TE3 £id) TE2 BhEhE) TE6 £
7 (HEEEIR) ) TE7T 2ofth) 0% > PABDHEH DIV, B2 TABB D 0w
MRD XA TEDEIHELLBDZEEZIOND, T/, ) XA TORICKE R
DWBH2Z e, FHLUIED X4 THEET N2 TFHINZHORD X4 7 12R
D, IEEMENT 281D 5,

Z 2T, TE7 Z20fth) DANDFED X4 7D 5 5 D7 TE3 Rt TE6
FaA (HEEEIN)) ITEH L. 2o DR b oHEflZz N THNCAER T % 7 — XLk
2119, TE2 BiEiEE) 0% > VBB D RV rrb o3 7 —XIREITH R
o BN, 502 8 O BENRA O a3 1 7 ¥ B ENER o ISR ISR & <
WAF L. B oA 2N AR T 2 2. AEARED IHERI NS ATHE
WD 27-DTH3, FEHARRT —ROBINIDEET VOMEOKE T 25| i
CTVRIDD B,
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7 — ZRERIE, SCEMNCIE LWHAGE IR L, RELDFRD & L < 1354 FER
DD ZREI DL I TITI, 7T—XIIROITLL R ZHAGE L DI — Rt L
T KeiCO a—%2FHW3 [11], KeiCO a— %1%, HARGEOHGEEL & X %Y
BL.BEEO L)L, HEXEEE -G LS. BGE - S - TERE L Lo LIER
27 ) T—2arvlica—nNRTHb, HEEEIHARLEE L o TERT 20H
Lo, HEEZ U X FEEOERD ZETLR TV EHE X, KeiCO
a—RRET—RIRDOITLT F A b L GER L, IR, KR D 2 Ao
FEREIROA D B RAEXE 2 FRICOVTHER S,

RECRODDT—HIER ELVWICEFTNE D XA FTBLVUVONRZHEL,
D& NLHNZAERTS 5, BARRNCIERD 2 DDHIEZIT S,

1. SYALBEER . Vo h R A F2BENRFELTHSHDRHICT &
LITEIRT B, 772 L. BIEREEOTEHGERICZE T 2 XX, BiE D
hREEOTEHDIRD & ORFZ#ET 5720, BEFOXRE Ligwn,

2. FVRALBHIRR 0o AR A FD S5, BEREEOEHERE TR
WX FZ T VR LCHIBRS %,

EHIRIE L HIRRBREO B MR Z 22 70%. 30%EREL. ZDOERITL
7o TEL L DRELENT 25, KT, BRLBIEC LA > TRRD X%
AT Do EMLIZIRD X EITLDXEH LWV DETEHEH e LTTF—&XE vy b
BINS 2%,

Tulb
N

%5 (HEEEIR) 07 —2E 3. XOBEREBNTZITV. XH oz
T 5, K2, M L7=AGFA0OH» 57 X LI 1 20X ZFEIRT 5, &R, 5
RENT450% 2 DFEFRGEICE 212 5, FHFREEIZHAZE WordNet 1IZ K-> TiR %,
BEOEBEL DD L XX T VX LI 2%ERT S, Zhickb, Xk EEY)
TRHROWHENEMINAER S, HFEROBEY ZHITE 5, KlFr e FEBIC,
AR LIZARD X ITEDOXEH LVRRDETIEFHlE LTTF =&ty MBS %,

3.5 EBOETEETILOFEYH

AENIFRDETIEETLDEEFICOWTIAN S, BRIz X512, D ETIEE
TOUE, YR AN, FTEXEH N T2 RINEHETVTH 5, RIFFETIE.
RYNEHNEIE L 7= HA B ASEET N THE T 2 774 v Fa—=V 05
52T, BYEEET 2G5, BRI IO T5 €702 W5,
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o Th-large HARGEE 7 /L: retrieva-jp/t5-large-long

Z DETIE Retrieva DN L7 HARERHERD TS €7 L TH D, KL H
AiETF—REHWTHGFEEINTWS, FZ, BEXATANORIEHREL, &
DETIED & 5 R XRIEMZEM T 2 X X7 L TW b,

T5 ETNDT7 74 VFa—=V IR A T ZBRDFTIET —XRX—2AZHW»
b, M7=ty FORDOXZ AN, BTEXEZHIELT, 774V Fa—=P
21790 72720, 77 A4V Fa—o Uit X4 THIEINCIT S, Thbb,
MOETEEH T —EAR—REMY XA FIX>TT7TOHEIL, nElxh=T—
Xty FEHWT, 8D &4 AIRHELIZADETIEET AR T 0¥ HT 5,
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F45F FH

ARETIIRERTIEOFHIEBICOWTHER D, 4.1 BITIEERD X4 FrHOMEE
ZRMIliT %, 4.2 BITIEOUER D ATIEOMREZFHIES %,

4.1 F8D A THEOFEE
4.1.1 REREH

BRI DESR
XIERD DEA THHET B 2D0DRRATZERT 5.

BOBERRY RO RGN THEDMRD 24 7 (BiE. Bh#EhE, RKid. #hE
TEH. BhE (HEEEEIR), £E (HEHER), Zofh) oIS T 2%
HIET 5, TEDHERXRA I THE, ANMENBEEIERD ZEZATVWS L
REL. ZDID DRA THFET 5,

BOBRH « DFERRY HED EELHEDL. M) EEDEA I TEEOMD
XA TDOEICEE T 20 %HET 5, I/ 7R LT IRbARL) &8
i, 8MEDFEDRA 7 L EFKT b, TDRRAZ TIESOEMZIEL WY, X
FERD ZEOXDOMANPATEN S,

F=R2twv b

AREBFTIX33ETHELL 124 INIEZRVETIET -2ty b ZEBRICHV
%o Fl7—=&ty MIRD X, FTIEX. b 24 7O oI s, #Eh X
A TEOERTIE., ZOIBMD XD XA TOEREHWV 5,

EEETIE, XA N ZXBYETEF—& Ly M2 80%. 10%. 10%Ic9EI L, Zh
ZRAlgT — &, BT —& TRAF TR LTS3, Jlfli7T—XI3ED &
A THEETNLNDEYE,. 7455 BERT R RoBERTa D7 74 VF a—=2 71
Huwz, RT3 Ry 7BOREICHWS, TRy ZHBIZHFET — 2T
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DETNLOMREZHID, &d BWERENS Oz RKy JHOETIVEERT %,
FA M F—RIFGEETNAOFEI W3,

YR - AR TIE. ERROTF— Ry MTOEMIZIEL W EBINT %,
BARRNZIX, Lang-8 2 — 820 S04 T4 7R —H =1 &> TEIES /=3,
TRO B IEMICIE LW % 100,000 FHER L, MFED R L) O IRV ZEMNE LT
T =Xty MIHA 72, 100,000 D 0% ZFMT — &2, 10% %R T — &, 10%
T AT —2ITEML 7z,

MR XA TEEROT— Xty FOFEIER 41 TR,

F4.1: 8D XA TRFEEROT— Xt b

m_bhrA4~7 il BERE TAN| AF
E1 B 67,497 8,437 8437 | 84,371
E2 Bh#EE 14,423 1,803 1,803 18,029
E3 #id 7,426 928 929 9,283
E4 hEATE A 26,597 3,325 3,325 | 33,247

E5 BjFa (HEEEEIR) | 30,175 3,772 3,772 | 37,719
E6 %aA (HEEEIR) | 21,809 2,726 2,726 | 27,261

E7 Z oAt 20,355 2,544 2,545 25,444
ES#&b 7L 80,000 10,000 10,000 | 100,000
a8t 268,282 33,535 33,537 | 335,354

X BT, 342THTHRNRIZ K 512, ARIFFETIX TRED) RO T4 (HEEER) ]
DIRY 24 TORFENREZR A EX B 272012, Thb 2 DODFEY 24 TOHERFNZ
T BT —RIEREIT o720 JLIRT — R OB EFR 4.2 1TRT, RS NZFHNxE
TR T — &ZIZEBIMNT %, 72720, HRT7T —XIFE DM 2 X 7 DT LVD¥H
WAL, BB - DA R DETFAOFEEIIIEH L, EERIGR R
LTV, T —RILRBRDIIT — X2 HWT TESiRh R L) ZED7iR
DRATEDPETDZET A EEE T IXEW L, BBl - 2HEEZ X711
DWTT —RILERDMREMEET 5 Z L I35ROFETDH 5,

# 4.2: T — RILIRIC K o TBINX 7= FIEL

BRORAY ek T — 2 48
E3 %3 9,438
E6 % (HEEER) 6,682

XA TNERDFTIET — &Ly P T 8D 24 T7REIBNCHG IR TNS,
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HIRDT A b F—=RIZBIF 2D X4 FHEBRICHET G SN TWb, ThbE,
ELWVWED 24 TR TRHEINTWE DT TIERW, 380 08T T ILOMEE

EHEICEHII S 2 7=, DPEOY Y VIR L TAFTED XL T2AH5 L=
il 7 — R EVER T % TANT—Z05 7 VXL 150 thOFRD CEFERL, &
AL TEY XA T2 ANFTHEL, EOEY 24 72532, 2heksy
B D XA 7 OFHICHW %, X 512, SGEINIZIE LWSCR 150 AFHE L. TR D
“LI OV EMELT, 7—&ty MBS %, ZHEED B - 28X
A7 DFHMCHWS, LU, LitofHiiH7—4&ty b &2 TAFFHET—%] &
MER, NFikfiT — & Offtat %2 2% 4.3 1R,

% 4.3: NFiHili7T — X O#EET

m_mbaa~r MODERRY BROEBH - 7EXRXY
E1 BhEA 45 45
E2 Bh#EE 10 10
E3 FRid 13 13
E4 BhEATEH 22 22
E5 Bfjqn (HEEEIN) 27 27
E6 %450 (HEEEER) 17 17
E7 Z oAt 16 16
ES b7z L — 150
=111 150 300

T7AFa—VTBONAIN—INS XA—IHE

AWETIE. ®TOEY XL THHEETNLIZBWT, 774 v Fa—=V 7D
NANR=RT R =RFEER—T 5. BIKINIE, Ny FH A4 X% 8, FHHE 1ed
ERET b0 TRy ZEIZOVWTIIHAR T — &2 2HWTRELT 5, KT RY
TR B BICERE L. FART — RT3 ET LD BRI RD EL R TRy
R EIRT B,

Sl
ABETIE, D X4 THBORBEFMT 572010, BUFO 3 00H5H%
Wb,
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¥BEE (precision) ETADH 2D XA FICEY T2 TFHILT—XD S5,
ELWBDODEIETH 2, UFORTEHRINS,

TP
Precision = TP+ TP (4.1)
Z ZT. TP ZEGE (True Positive), FP 135514 (False Positive) D¥ %

e

BIRE (recall) 7—%ty MIBTF2H 2D XA TDT—-KD5H, ETMI
EoTEDRA FITHAT 2L ABETERLDDODEIGTH L, LIFD
ATERSN S,

TP
N=-—— 4.2
Recall = 57N (42)

Z ZT. FN 342 (False Negative) D2 £ T,

F1 X7 (Fl-score) f& (Precision) & FIH (Recall) DFFFIEETH 5, LIT
DX TERS NS,

Precision x Recall
F1S =2 4.3
core % Precision + Recall (4.3)

FERE., HHE, F1 2a7 G-\ 007 52 (R X4 7)) il 3, Z4uzkD
D A TREETADENZNDRD X4 T T 28801 2 HBNCEFHES 2,
BT, MY DEXAITIEZT DD A, @b - X A7 TIE8 DD
FIADEIEED~ 7 u R L, D XA T T VORI EEE % 5T
fifis %,

4.1.2 HRrEE
F 2 b F =21 & 5

TANTF—RIINT 2D R A7 OFEE, BEHE, F1 2a7%23#%4.5 1R
T, ZORIF. FHEETNLE LTBERT 8X U RoBERTa Wiz & DGR %E
HETWE, $/. T—RILRETo L EiTbRIoTE TR RLT
W3,

BERT & RoBERTa Z L3 % &, 2{KARYIC RoBERTa O/ N TV S, Fl
Z2a7o~v 7k, F—RILRE L we =, BERT 12 0.3747 TH % DI
L. RoBERTa 1304817 THH, BXZ 10 KA ¥ b EA->TW3, 7F—XILR%E
L7z Z2Th, RoBERTa X BERT & HNRTFL Ra7B3BEZ4 KAV FEw,
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F 44 TAMT=RIINT 2R D KT ORGR
|b | FT—4& HE BIAR F1 237
247 |#5k | BERT RoBERTa| BERT RoBERTa| BERT RoBERTa
El 2L | 04938  0.6127 | 0.5002  0.7832 | 0.4970  0.6876
»Y 0.5942  0.6049 | 0.7169  0.7800 | 0.6498  0.6814
E2 7L | 0.3934  0.4912 | 0.3827  0.4176 | 0.3880  0.4514
»Y 0.4695  0.5079 | 0.3716  0.3766 | 0.4149  0.4325
E3 7L | 04115  0.5695 | 0.2128  0.3564 | 0.2805  0.4384
»HY 0.4524  0.5467 | 0.2936  0.3284 | 0.3561  0.4103
E4 2L | 04050  0.4782 | 0.5239  0.4857 | 0.4569  0.4819
»Y 0.4296  0.4507 | 0.4394  0.4938 | 0.4344  0.4713
E5 7L | 04357  0.5310 | 0.3712  0.3311 | 0.4009  0.4079
»Y 0.4107  0.4677 | 0.3706  0.3682 | 0.3896  0.4120
E6 7L | 02428  0.4556 | 0.1960  0.4076 | 0.2169  0.4302
»HY 0.3639  0.5011 | 0.3062  0.2935 | 0.3326  0.3702
E7 7L 03304 04846 | 0.4542  0.4574 | 0.3825  0.4706
»Y 0.4449 04714 | 0.3970  0.4853 | 0.4196  0.4782
Ty KL |0.3875 0.5174 |0.3773 0.4627 [0.3747 0.4817
HO 10.4526 0.5072 |0.4136 0.4465 |0.4281 0.4651
E1=07, E2=B#F, E3=3Ril. E4=EFADiEH. Es=&F (3
FEEIN). E6=%d (HEEEIN). ET=2 Dfth

7. DA THICFL Ra7 2T 5, EDIRD X4 7 TH RoBERTa 1
BERT % E[AloTW3%, FHIFRD X4 723 TEL BhE) TE3 258 [E6 #4450 (HiEkhE
) DL ZZEPKEWV, FHEICOVTIE, WITHhDRED X4 7T RoBERTa @
FHHEW. BEFEICOWTIX, TE4 BFEOIER] TES 85 (HEEEIR)) TE6 e (1
Fh#ER) ) TBERT OB EWT —ADBE 602 DD, 27 1Tl RoBERTa
DFBHSIZE V. U ED S, BB DX A F5FHICIE BERT & D RoBERTa @
FHEL TV EEZ D,

R, T —=ZRILRDINBICOWTEE T 5, BERT IZDOW T, 7 —XHLRIC
koTFl 2a7o~7aEEgpnmbLiz2e s, 7F—XIERBPIRITH -
Tz T—RYLIRIC K o THIRERIZEBIM L 722 DDRD 7 5 RICEHT S &, TE3
KL D WO 2 F1 2Aa7550.2805 5 0.3561 N\ L L. [E6 % (HEE
) T LTH 0.2169 205 0.3326 N\ & KIEICEE Lz, ZORRD S, BERT
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EMDHEETLE LTHEHALZ &, 7 —XIBRIZEMTHH, BIFOT7T—%
Ty MZRVHFTILWVERD DR =V ZHI T —RITMA B N TEREEZD
N5, —H. RoBERTalZDOWTIET —XILIRICE o TF1L Xa 7D~ 7 aEgn
KR L. TE3 REAED ) OF1 2271304384 205 0.4103NE{K L. E6 %
] (HEEEIR) ) 12DV T 0.4302 2005 0.3702 N AL L7z, Frc, HHEFOET
MREL, EYBEoOMBEEELRDNTWS Z e BERINZ, /2. BE X
DHHEBBORRPRKEVI D, EMIZIEL W EZ# D MmN T 5
J— kb, IBOXEBHETERPoIZ T - MR- ehbholz, LTz
2o T, RoBERTa IZBWTIET — XILRIIMMBHITIERWVWE S X %5, RoBERTa
BT —RIERE LB WT =Rty MZXB 774V Fa—= I THhE-b A4S
ORI ERA#E TICEETETED, T —XIERIC X o TIEL L Wil
HEFABEMEINZZ LI X > TRED XA THHEOMEREME T LT REMD D %,
P E» 5, BERT ¥ RoBERTa IZBWTT — XYLIRDMER R 2 Z & 235
W27 o7=,

TARNTF—=XIZNT LB B - AR 7 ORE, BEE, F1l 2a7%3#£45
WCRT . DFEZ 7 A2 TESEh e Ly 2BMENTED, ETFADBASIITEY
DZFERY OFEEHE T AREN DM N T VWS, Tz, 411 HTENZ XS
W2, TR LT — &ty P ERHAWTEE LT UEEHMEL TWRWL,

£ 45 TR T —RITHT 2D B - 7K X7 OFER

i’b SE BIRXE F1 237

247 | BERT RoBERTa| BERT RoBERTa| BERT RoBERTa
El 0.6057  0.5941 | 0.6223  0.5520 | 0.6139  0.5723
E2 0.5126  0.5211 | 0.3548  0.2485 | 0.4194  0.3365
E3 0.5245  0.5262 | 0.3523  0.2794 | 0.4215  0.3650
E4 0.5131  0.4738 | 0.4270  0.3541 | 0.4661  0.4053
E5 04718  0.4520 | 0.3543  0.2040 | 0.4047  0.2811
E6 0.4051  0.3946 | 0.2649  0.1807 | 0.3203  0.2479
E7 0.4808  0.4945 | 0.3371  0.2678 | 0.3964  0.3474
ES 0.5994  0.5488 | 0.7543  0.8274 | 0.6680  0.6599
T 0.5141 0.5006 |0.4334 0.3642 |0.4638 0.4019

E1=8G. E2=B#IF, E3=%il. E4=F D5/, E5=8 (H
AR, E6=%d (HEHER). E7T=20fth, E8=_D 7R L

%3, BERT & RoBERTa 13 5, BERT OF¥ENEE., BHE, F1 a7
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X2 0.5141, 0.4334, 0.4638 TH 2 DI L. RoBERTa 1 0.5006, 0.3642,
04019 TH Y. 3 2DIEED VTN BERT 1 RoBERTa Z k[0l 2 #2315 51
Jzo F7o. TESEED R L) OBICEHT %2, BERT ® F1 22713 0.6680 T
HYH. RoBERTa ® 0.6599 #H 3 L[> TWB Z s, SUEERD OFEDH]
FEIWZOWTH BERT DAFBEBNTWE e bholz, dh X4 72 v IZiHiite
EERg S 2, BERTIZEDIED X4 A2 L THRESLHBERICKEREIX
72\, —7. RoBERTald 'E5 B (HEHEIN) ) TE6 & (HEEER)) 1onfd 3
HERMEL, ZAUHFEVFL 2a 7 DD X4 FITHARTRELETRLTE
D, #h x4 AT a3 0EMEDIEs X AR NS, YU EOHRE»S, /D
MR R 7 LI3EZ D, RO - 7HAZ X7 Tld RoBETAa & D BERT O3
HLTWDEEFR 5, D XA TEDFT 2720 TlER SUER D OBEOHIE
ZELEWVWISFEMHTIE, BERTIZEDRRD X A4 ST L THEELMERE T FHE
LTW3,

4.1.3 AFFHET—2IC K S5

ATFFH T — Z 2R3 2380 DX 27 OFEE, BHHER, F1 2a7%23#£46 1
R NFFHl 7T — X IIANFTIERDIRD XL 725 LT0W5E7%0D, ETLD
IERER LT E B, — . T— 2L 150 tF T EThRRA=2F A P F—& &
XTI Wz, BEEZ BT 2 fITRL TV,

BERT & RoBERTa 322, 7 A M T — X TOEBHER (£4.4) [HL
X912, 2KIZ RoBERTa O BWENT WS Z e PRSI Nz, T — XLiE%x
LEWEEDr &0 TE4 BEADIER ) X5 2 8EERZ 5 KNICF1L 2a7 2RV
T, YDFRD XA 7 Td RoBERTa OF5E - B - F1 X2 713 BERT % LA
b, F1 2a 7D~ 27 v TH RoBERTa 1 BERT &) 0.12 KA ¥ b (F—4&
JRRZ L DY %) £72130.14 RA YV M (F—XILERD D DL =) &b o7z,

RIZT = RILFRDNBICONWTEE T 3, F1 Ra70~xr7u¥EGgrH5 b,
BERT Tl 7 — ZHLIRIC & o THEIENEE LD o 7255, RoBERTa TIXH T 50
(2 KA V) @Edoiz, T —RIIRIC X o> THIEHIZEM L7z TE3 K 12oW
T, BERTEFLTIEFL 2275024 525 0271232 E L. RoBERTa T
1X0.32 005 0.47 N KR EEIHR I Nz, BHEICBWTSH, BERTZ0.15
725 0.23 12, RoBERTa 1X0.232°5 0.301ICM ELTED, REiEDITHNT 57—
ZIEERDRNEMPFEFICHN T WS, ZOMRIX, KD IR LT — &2, £
TODRLAD OMHBE N R EX B2 22 RLTWE, — /4. [E6 % (B
FEEIR) ) Tk, METVCTHRENK N L7z, BERTIZF1 22723040 205 0.32
IZ. RoBERTa X048 205 042 12K R LTE D, 7 — XILIED 50 D HEEEIRD
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# 4.6: NFifli 7 — 2203 2588 0 DR R 7 DFHR
iRb | FT—4 i BIAR F1 237
247 |#isk | BERT RoBERTa | BERT RoBERTa | BERT RoBERTa
El 2L 0.57 0.66 0.87 0.89 0.69 0.75
»Y 0.50 0.64 0.82 0.93 0.62 0.76
E2 2L 0.50 1.00 0.20 0.70 0.29 0.82
»HY 0.67 0.67 0.40 0.60 0.50 0.63
E3 2L 0.50 0.50 0.15 0.23 0.24 0.32
»HY 0.33 1.00 0.23 0.30 0.27 0.47
E4 2L 0.52 0.53 0.55 0.45 0.53 0.49
»b 0.50 0.62 0.50 0.59 0.50 0.60
E5 2L 0.50 0.65 0.48 0.63 0.49 0.64
HNH 0.55 0.67 0.41 0.67 0.47 0.67
E6 2L 0.46 0.58 0.35 0.41 0.40 0.48
»HY 0.50 0.71 0.24 0.29 0.32 0.42
E7 2L 0.67 0.53 0.50 0.63 0.57 0.57
HN 0.64 0.63 0.44 0.63 0.52 0.63
5 | &L 0.54 0.63 0.44 0.56 0.46 0.58
HD 0.53 0.70 0.44 0.57 0.46 0.60

E1=Bhga. E2=Bh#hF. E3=3Kic. E4=FF 015, Eb=8 (H
FEIR), Bo=%0 (HAHER), ET=2 Ofth

ARD ORFEMREICERE R I LTS, ZOMERIX, JLRT — X DESZ D
FEIFN, O ORI TG L Tk ozZ e 2R LTW5S, X 51T,
F— ZILIRIC X o CTHIFHHEB 2B L TOWRWVWIED & 4 FI2OWT HREESLHA
IR 5Nz, FlZIX, TELBE) 1229V T, BERT TIEF1 227 0.69
Eo&mﬁ?bt#ﬁ?\mBmHWT@mmﬁaommﬁ%Lkoik\mz
Bh#EhdEa ) 12 oW Tid. BERTICOWTIEF1L 22 7450.29 225 0.50 12A]_E L7205,
RoBERTa Tl 0.82 525 0.63 1K RN L7z, T7— &#%Kiofﬁ%%ﬁﬂﬁ%%
DBEIME N VERD XA FI2OWT D, ZDIED O MERED I B %
FTW3Zehbhd, LidWwi, ANFiHiiT— &ki%%ﬁf@\%rw$ﬁ
DRAFICE>TEFI Ra7DETFZ2HEWZd 0D, £2FRINCRTF — Xk
R THoTEEZX %,

ANFifli 7 — 2T 238 DM - X A7 OfE, BHE, F1 Ra7 %%
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ATIWRT, DA TESEY 2 L) BIMEINTW3,

K AT ATl 7T — Z IS 2D MR - X X7 DRGER

E-40) EE BIRXR F1 237
447 | BERT RoBERTa | BERT RoBERTa| BERT RoBERTa
El 0.63 0.55 0.73 0.62 0.68 0.58
E2 0.71 1.00 0.50 0.60 0.59 0.75
E3 0.40 0.40 0.15 0.15 0.22 0.22
E4 0.65 0.40 0.50 0.45 0.56 0.51
E5 0.83 0.80 0.56 0.44 0.67 0.57
E6 0.43 0.17 0.18 0.06 0.25 0.09
E7 0.43 0.55 0.38 0.38 0.40 0.44
ES 0.73 0.68 0.88 0.86 0.80 0.76
T4 | 0.61 0.60 0.49 0.43 0.55 0.49

E1=BJF, E2=Bh#hE, E3=3Kil. E4=8EADiEM. E5=8F (H
FEIN). E6=%0 (HHEEEIN), ET=2DOfth, E8=FRD 72 L

BERT ¥ F1 22713055 THH, RoBERTa ® 0.49 % L[> TW\W3, Ff
2. TE1 B TES B (HEEER) ) TE6 &l (HEEER)) tWwokiih 24 7
THEDENPKEZ WV, —/ T, TE5 BF7F (HiEER)) = TE3 Rid) TEWET LV
b F1LRa7i&hro7z, iz TE3 £il) TIEBERT & RoBERTa O F1 X
a7 0.2 LIRWEICE ¥ E oz, TORRIZ. INSHDED X4 TOMH
BIUODEMAL LTHLWVWHETHE e 2/RLTWS, /2, RoBERTa &
'E6 %4 (BAERER) ) 1Icxf 32 F1 2a 70~ 27 ag250.09 £ 0K, &
DY XA TORHE S FLEETETVWRWI LAAEIZ S, XERY OFEE
S 26 TES BD 2 L) I3 25EE, HE¥E, F1 a7 CTiMiiTtx 3
75, BERT. RoBERTa & ICHIERLF1 2a 7B +7I2@mW 2 L DR T & T2,
F72. £ TOIEET BERT 28 RoBERTa % EfloTWa Z 205, idh M DRE
J1TH BERT OEIMEDHREIN, ULZEedHsd e, RO - 27X RS
IZBWT, BERT X RoBERTa L b LT3 efamflironsg, 2472 b
T — X TOEBHER (R 4.5) »oBoNdiEme —BLTW5,
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4.2 FADETIEDF M
4.2.1 HEREZH
F—=2tvhk

AADETIEDEBRTSH, 3.3 HITHERLZX 4 ST EHOETIET — X N— 2% #
32, b XA TRHEOEBRE RIS, FED XA TSI, 27 —2D55
SO%NZAIET — &2, 10%ZHFET —&, 10%%ET AT =R LTHEHAT 2, 77—
Xty bOHEHIE 41 EFRCTH 5, AT —XIFERVETIEETLVOFE, §
BOBHEREEHBEATS ETFNAD T 74 VFa—= VIV, 8h &4 FHIZ
T—=Rty benEIL, D XA FHIRVETEETVEER T 5, £,
FiEr ot Dz, 2TOIIRT —22HWT, b X4 TERXBIE3IEED
EATET2ET S E T3, BHT—RI Ry 7HORELDF2DITHNS,
TAMT=RIEEDETIEE T VOFHMIICH WS, X4 T Z3R D FHH|l7 — XX —
2B BETIEXE Lang-8 A —NAMSINELZdDTH D, O XEIELLET
EL7XTHE7-0, i) XA THEOEBRD & 51 ANFIT & 257 — X 131
BT, ZOFR N F—&REFRFMICHVS, £72. ANEN B I CERD
ERTELDDOE L. HEMIIELWSUIA NI AR WS D LRET 3,

g FE
AT, ER D RTIEDMEREZ RIS 2 72012, U N TRz HE L %,

R—=ZZ5A4Y BL R—ZX 74 YETIME, B X4 TEXHE TR E[IERTT
IETINTH D, TIFLBRZE 512, 2TOIIT —2ZHWTH—DFA
DETIEET NV REE T 5, BB LD SRR DETIER BT 2 i d A
R FETH 5,

REFZEVRATL PROga $3. DL DHFRD XA THITEDFTIEET LR
HEET D, RS, BMBOXDBANEIN &, ZOMO XA TRPIEL, ZOD
D XA TORYFTEETAZHWCETIEX GEY 2BIELEX) 2HAT
b0 272U, RIATLIED XA TERMEET, XA SFEIRDETIET —
RR— 2 EENTZEBY 24 TRHAWS, Thbb, 8h &4 TN
ELL TR WIRED RTHRESY 27 L DHERER T 5,

REFES AT LA PROuuto PRO EF UK BREFIEICLZEDETIES R T 4
THb, 12720, B RA 73, 3AHTIRE LMY 24 TEETLE
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FHWTHVETS 5, BEARRNCIX, 38D 24 TfHET Ve LT, 7 —&L5E%R
Dl a — 22 FWT2E L7z RoBERTa EF LR L7z, 4.1 HiCTHl
HELEOWZ, ZOETADERD DEEZX D ANFFHliT — X2 T 5 Fl
2AT7 PR EDPoT2T2DTH 5,

T7AFa—VFBONAIN—INTXA—2ERTE

AWFFETIE. B TOXXEBRYETEETALD I 74V F a2 —=r 2 IZBWTE—

DNAIS=RF X —REFHT 5, BRI, Ny FH A4 X% 8, FEHKE 5e ™
WCRET b0 TARY ZEBITOVWTIERAE T —22HWTRELT 5, RAZ KRy
T E S5 ICREL. R —RIZWTE3ETLOMYETIEOWRENRD EL S
IRy 7 FEIRT 5,

ST

AW TR, ERDFTIEZ 27 ofHiifEE £ LT GLEU(Grammar-aware
Language Evaluation Understudy) Z#RH 3 % [14], GLEU (&, FEMEIER D FF1iti
fEFET®H % BLEU Z3LCEGEI SN TH D, SRS D AT IEOMERE 2 # U RHMG T &
5 X5 bEhTtng

(HEUM\E&éhfTEY&E%Y(U77V/z)®ﬁf—%?5$mmgmn
DEEZHICR a7 2B T 2HEETH 2, FTIEXDEDREEY 7 7 L Y ATk
WhrZ e i 5 & [ARFIC, BRD X E BB —H L TWiRWrZ2aHiis 5, 24
D, ERDETIEX R ICBWTEE R NEMM) & MEIEO@EYIE) omig%
N Y RAELFHETE %,

GLEU 2 a7 3 FOXTERS NS,

4
GLEU(C,R,S) = BP - exp <Z Wy, logp;>

T, Bil5DOERIIULTOEY TH 3 ! -
o C BRI NIETIES

e R:V77L YA (IELWVX),

o SIFERYEZEZTLILDATIN,

o p, i BIESI N7 n-gram fEE, FIIEXXE Y 7 7 L ¥ AXD n-gram O EERE
ZH 5,
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o w, . & n-gram OEA (HHIL 1),

e BP : Brevity Penalty, AR INZFTIEXDRIVPFHTI TS 2ITH5EZ2 5 R
FTNT 4,

Pl BRD XS ITERS NS,

Y. Countp g(n-gram) — AN(Count g\ g(n-gram)) + Countr(n-gram)

/ n-grameC

Pn = > Countg(n-gram’) + Y., Countps(n-gram)

n-gram’eC’ n-grameR\S

o Countps(n-gram) : V7 7 L Y AXIFEL. HDOILOFRD XIZE FNR
W n-gram O HER[AIEY,

o Countg\g(n-gram) : JTLOFAD ITHFEL, 7DV 7 7 L Y AXIZE IR
W n-gram O H IR,

e Countg(n-gram) : V7 7 L Y ZAIZEZEN S n-gram D HIAFEIEL,
o Counts(n-gram’) : JTLOFAD XIZTEEN S n-gram O HIHEEL

o Countps(n-gram) : V7 7 L Y AXIIFEL. DPOILOFD IZEEFN
72U n-gram O HIR[EIEL,

o \NIEIIEENARD572FED @ n-gram IMT 2 RFILT 1 DRI Z T 2
FREL (GEHE X 1),

4.2.2 HBRCER

#4813, BL(IR=RZF 1 V), PROgu(IEfRDFED X4 TR FWIARE S AT
L)y PRO,uo BEMHEE X NZFRD XA THRHWARE S R T L) DY XA 715
D GLEU Ra7%Z/RLTWa,

feiRz 25 . PROguq @ GLEU X2 71d TEL BiF) DULDRRD X4 FicBw»
TBLZEF->TED, 2ERORaT7HR=AF74 D 0.7618 I LT 0.7739 &
BWMEZRLTWS, ZHUE, ZRZHNDRD XA FITFHE LR DETIEE TV
ZHEL. ANORD 24 G TN BUNfEWST1T 2 Z it k- T, 3k
D ETEOMEEDSH ET 2 2 Z/RLTWD, 272 L., &b &4 7H TE1 Bhi )
D E E, PRO(0.7884) 23 BL(0.7912) ZH 3 I FEI-oTED, X=X 51 U E

33



72 4.8: i1 D FT1IE D EERE R

mbarA~7 BL | PROgu | PROuuto
E1 BhE 0.7912 | 0.7884 | 0.7763
E2 B#EEm 0.8076 | 0.8327 | 0.7627
E3 i 0.7442 | 0.7892 | 0.7354
E4 #FE O7E H 0.7481 | 0.7501 | 0.7107

E5 Bi5 (HEEEIR) | 0.7066 | 0.7270 | 0.6763
E6 %5 (HEEEIR) | 0.7504 | 0.7704 | 0.7260
E7 # Dfth 0.7399 | 0.7699 | 0.7242
27T 0.7618 | 0.7739 | 0.7390

FTNLDOENEERLTWS, —F., TE2 Bi#hE) 2 TE3 Rid) DFRh XA 712D
WTIE. PROgq & BL ZEEFIC LAl > TW3, ZHHDMY XA Fid7—& kv

MZBWTT =X D, 2R T1IODRVEIEETAEYEE T EZRN—RF
AV TIEETIEDHE Lo 7203, 31D X4 THIRHMEL LR DETIEE T V2 VWS
ZTINHD|RD T BETIEREN DA L L7,

—7+ PROauto DEIKD GLEU 22 713 0.7390 £ 72 H BL & b eEh - 72,
FRCZEAD 2 4 7% TE2 Bh#hE ) @ r Z1d, PROwe D GLEU 22 713 BL & R
TRELE RN LAz, ZAUIERD XA TEETVOMREDMR W Z & DR & & 2
L%, SEIOEBRICHEHLZED X4 IHEETNVLDOF1L ZAa 7, 7AMTF—
2L T 0.4651, AFFHiiT— X2t LT0.60FETHD, +HICEWEIEE
270, BB XA TORFHCKETZ . ELWEA AITHIG LR DETIEET
ADHEHATES, ZOZ LA GLEU 2a 70K FEBw-eitllcz s, UEx
FrHde, BEFHRITRD XA TOREPELVE WS FETRTIFFRDETIED
PEREDIA L L7223, RO X4 TR HEHEE T % & W 5 S FCldtERg i m w3,
D 24 TREET VORI LERE Y LT - 72,
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ETHE HbHDOIC

5.1 AHATZTDOFEH

AIFFETIE, AARGEELEEMMER L= XFEICEEN 2 AN D 2 HEIINICE
ET27:00FEEREL, ZOMBEIHEGL 72, IEROEDETIEET LTI, &
A THBOBTY DL TDICERBEINTVWRWE WS BEND - 72, AT,
COFREHIET 2720, MO DXA T efilAxDIRD X4 FITRHE L7234 D
STEET A EHAS DY H2 7 7o —F 28R L7,

BARINCE, 3T 2 SE . TBhE) BhEhE ) T5REd) Ry 7RO
DRATEER L, RiT, RO EEFOXBATIINEZ, ZORDDRA S
EHEE LTz, RIRIC, ZRZTNOED X4 THIHADETEET AV EEE L, #EE
XN XA AT A\ ETEETF AR HWTEEEOIERD #ETIEL
72o BAKPNCEAD ZETIE LD X A4 TOM G % FZEHE IR R TS AT 4
RERLT,

FRLOREI AT LR FOFMETHEE Lz, £3. Lang-8 I— %A 560D
YEETIEXXOMZINEL, L—NAR—ZADFEIZ X > Tl L DI LTHED &
AT E5FT5Z8 T, XA TNEERVFTIET -2ty PEMELL, KT, X
AN EEDETIET — &2ty M2 HOWTERIFEEA BERT %7213 RoBERTa %
T7AYFa—=VTFTBI8T, DR TeHT2ETNVEEE Lz, &
BIZ, T—=XEy VATH Y VBV w TRid) © T4 (HEEER) Off
DA TIZONWT, O DHFEHIZER L. T—Xty MIIZ %7 —XILR%EHE
MEL7zo IR, 24 I ERDETIET — XLy D X4 SHICHEIL, 3
D XA THIZHGEEEATS ETNE T 7 AV Fa—=or 753528 T, 4D
RO XA TOREE TICERB L TED X EZIEL WA T 23R DETIEE TV
B LTz,

FERTIX, ETED XA THHEETNVEFHEL 72, 7EET L E LTBERT %
L IERoBERTa ZH\W/z 2 &, T—XIRZEITO L T TORVWEXTET L
EHB L7, O DR RAY GADSUIH L TZDRY X4 T2 T 2R R7)
WZOWT, ANFTIEMORY 24 25 L TAFFHGT— %1 %2723 i
TlE. IFLALD#EY X4 S 122V T RoBERTa® F1 22 71X BERT &) & &
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{, ¥ F1 2a7Td RoBERTa ¥ BERT % LRI 2&ERM™E LN, T2 T—
RIEERIZ X 5T RoBERTa D F1 22 750.02 B4 > FiGE L=, RO -
FERRAT XA 1T TERY L) ZBML, BBDEEOrE»OHELIRD
FEODLERXZDRA TEDET SR A7) OFHiEi T, RoBERTa D F1 2
a2 7EBERT X b 3L, XAZI2&k o THEIFEEBEATTILVOELIEVIE
b7z,

R, BEFIRIC X ZEERDETIEOMRER MM L /ze R—XF 4 VETILE
LTRD R TRHEINCHER T ETORD XA TOXEBIET2H—DRDE]
EETFLEZEL, IBRFIEL U7, SOERR D T IEOEMER 72 FEMiE R C H
%5 GLEU Ra72HWTFHMEi L7z Z A, IEDIRD X4 TE2HW- ZDRE
FHEDO GLEU 2a7@ER—ZA7A4 XD dE VW e 2R L7z, LHL, b &
4 TEEHBDELE L XORKEFHEIEIN—2F 4 Y HART CGLEU 227 DikE
BRONRP 0Tz, ZHUFED XA THEHETVOMREDS T FITE L RN 23
JRR & & 2 &z,

AFRDEFRE LTI TORBEITON S, H—IT, Y 24 ToHEET L
YD RAFIEHL LR DETEETFLOMAEDERICE D, b x4 St
U7 ZMRZETIEZ ATREIC LT SIS, Y TABDBDRVERD X A4 125 %
7 — ZYLER DR R % FEERNREE U, BRSSPI K o TUE T — X ILRDER D &£ A
T OMRER EICHFE T A ER LT

5.2 SHORE

AL TIE, BBODEA TE2ER LU TUERD ZETIET 2 LWFERREE L,
ZFOEMEERLZ. LHAL, WS OrHEDRINTWVWS, SROMI TR
TANEFEELITICET %,

T3, D XA THEETLVOWRER ESEITF 55, AL TIE, BERT %
RoBERTaE7 NVZEHWTIRD X4 T2 HEDHEHT 27 Fu—F2HH L0, ¥
12 T4AEA (HEEEIN)) % TEIEA (HEEEIN)) o ik h OBERDPEHELRIRD &
A BV T, ZOFERBEEN D TER2o7, EOEEOEVWLEET LD
AT, BN REEOBMEMREGTT 20D 5,

Rz, T —=RILRFEOFHLIZBT b5, RFZETIE, TRid) S 46 (1
FEIR) T D &S RAIBEFBA TR L TWBRED X4 71T LT F — RILE %
L7, LL, —EDiED X4 TDADT — RILRTIXZ DFRIIBRERTH -
770 THRT —Z DA TEEZWR L. ZOMNEZRET 2 kD53, BT,
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36



T 72, IRERFEOTHMIIC D FREIRI N T VDS, EETld, I Lang-8 2 — %
AW LT =&ty P CRHMEERZITo 0, thoTF—&ty MW
filie, FEIRDOFEEHERE FCTOFMBITOINZTH 5, ZD & 5 RelFE 5 5=
BEE U T, SEEFIEORDETERENONAMZHL 2T 2 L8N H 5,

RRIC, BEOFTEETLOMREL 7 4 — ¥ N ZOBE DR EBBT LN, K
WFZETIE. B3 O T ERROTIRICEREZBE W2, EEEN X D EKW
WKWHE LT W 4 — RNy 7R, FTIEORILE R IHEBEDBIFEII KD 51
%, ZAUTED, FEEVPBEOHARGE SGRICHET 2FGER T HED 5 Z 2 IZFHEGT
23 AT LDEBDPAGFEIN S,

37



SZ Xk

1]

2]

WiHER, & FIEGA, /NATSE. HAGEEE BT OSCER D M HIBERENT 2 /E
HBIMZR > 27 o N THIBEF R SGES, pp. A-K23_1-9, 2020.

Christopher Bryant, Mariano Felice, and Ted Briscoe. Automatic annotation
and evaluation of error types for grammatical error correction. In Proceedings
of the 55th Annual Meeting of the Association for Computational Linguistics
(Volume 1: Long Papers), pp. 793-805, 2017.

Yo Joong Choe, Jiyeon Ham, Kyubyong Park, and Yeoil Yoon. A neural
grammatical error correction system built on better pre-training and sequen-
tial transfer learning. In Proceedings of the ACL 2019 Workshop on Innovative
Use of NLP for Building Educational Applications, pp. 213-227, 2019.

Daniel Dahlmeier and Hwee Tou Ng. Grammatical error correction with alter-
nating structure optimization. In Proceedings of the 49th Annual Meeting of
the Association for Computational Linguistics: Human Language Technolo-
gies, pp. 915-923, Portland, Oregon, USA, 2011. Association for Computa-
tional Linguistics.

R. Dale and A. Kilgarriff. Helping our own: The hoo 2011 pilot shared task. In
Proceedings of the 15th European Workshop on Natural Language Generation,
pp. 242-249, 2011.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova. Bert:
Pre-training of deep bidirectional transformers for language understanding.
In Proceedings of the 2019 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language Technologies,
pp. 4171-4186, 2019.

BVEIE, ST 1E5h, B, NISE. SOERDETIEICBI 25 EEEZE B L /-
ZRERETIEXX DR, HARSIEUH, 56 28 &, 56 2 5, pp. 428449, 2021.

38



8]

[10]

[13]

[14]

[15]

Masahiro Kaneko, Masato Mita, Shun Kiyono, Jun Suzuki, and Kentaro Inui.
Encoder-decoder models can benefit from pre-trained masked language models
in grammatical error correction. In Proceedings of the 58th Annual Meeting of
the Association for Computational Linguistics (ACL), pp. 4248-4254, Online,
2020. Association for Computational Linguistics.

N, SRAWIAEE, IAETS, Brifsetk, =APHEA, MIIESE, /<7, H
ARFEIEIR D FTIEDQ 7D DR X 7 & FHili 2 — R X DR, BRSFELHE,
Vol. 30, No. 2, pp. 330-371, 2023.

Jared Lichtarge, Chris Alberti, Shankar Kumar, Noam Shazeer, Niki Parmar,
and Stella Tong. Corpora generation for grammatical error correction. In
Proceedings of the 2019 Conference of the North American Chapter of the
Association for Computational Linguistics: Human Language Technologies,
Volume 1 (Long and Short Papers), pp. 3291-3301, Minneapolis, Minnesota,
USA — Online, 2019. Association for Computational Linguistics.

M. Liu, /MA—BR. SHRIKRAERE S FEFAICH D  HAGEHGEE 2 — R A DR Y
MGGE. BB 28 [A4E K, pp. ET-4, 2022.

Yinhan Liu, Myle Ott, Naman Goyal, Jingfei Du, Mandar Joshi, Danqi
Chen, Omer Levy, Mike Lewis, Luke Zettlemoyer, and Veselin Stoyanov.

Roberta: A robustly optimized bert pretraining approach. arXiv preprint
arXiw:1907.11692, 2019.

IKAEA, /NTSE, Sk BB, ARG, HAREEEEOEXHBER D ETIE
D7z DFEEFE sns DERHIG 772 5 DHGEHRES. N THIBEA RS, pp.
420-432, 2013.

Courtney Napoles, Keisuke Sakaguchi, Matt Post, and Joel Tetreault. Ground
truth for grammatical error correction metrics. In Proceedings of the 53rd
Annual Meeting of the Association for Computational Linguistics and the 7th
International Joint Conference on Natural Language Processing (Volume 2:
Short Papers), pp. 588-593, Beijing, China, 2015. Association for Computa-
tional Linguistics.

Colin Raffel, Noam Shazeer, Adam Roberts, Katherine Lee, Sharan Narang,
Michael Matena, Yanqi Zhou, Wei Li, and Peter J. Liu. Exploring the limits

39



[16]

[17]

[18]

[19]

[20]

[21]

of transfer learning with a unified text-to-text transformer. arXiv preprint
arXiw:1910.10683, 2019.

Guy Rotman, Omri Abend, and Amir Globerson. Efficient grammatical error
correction via multi-task training and optimized training schedule. In Pro-
ceedings of the 58th Annual Meeting of the Association for Computational
Linguistics, pp. 6362—-6368, Online, 2020. Association for Computational Lin-
guistics.

A. Rozovskaya and D. Roth. Building a state-of-the-art grammatical error
correction system. In Proceedings of the 52nd Annual Meeting of the Associ-
ation for Computational Linguistics (ACL), Vol. 2, pp. 231-235, 2014.

Ilya Sutskever, Oriol Vinyals, and Quoc V. Le. Sequence to sequence learning
with neural networks. In Advances in Neural Information Processing Systems

27 (NIPS 2014), 2014.

A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. N. Gomez,
L. Kaiser, and I. Polosukhin. Attention is all you need. In Proceedings of the
31st Conference on Neural Information Processing Systems (NeurlPS 2017),
pp. 5998-6008, Long Beach, CA, USA — Online, 2017. Curran Associates,

Inc.

Ziang Yuan and Ted Briscoe. Grammatical error correction using neural
machine translation. In Proceedings of the 2016 Conference of the North
American Chapter of the Association for Computational Linguistics: Human
Language Technologies (NAACL-HLT), pp. 380-386, San Diego, California,
2016. Association for Computational Linguistics.

Weimin Zhao, Liang Wang, Kewei Shen, Ruoyu Jia, and Jing Liu. Improving
grammatical error correction via pre-training a copy-augmented architecture
with unlabeled data. In Proceedings of the 2019 Conference of the North
American Chapter of the Association for Computational Linguistics: Human
Language Technologies, Volume 1 (Long and Short Papers), pp. 156-165, Min-
neapolis, Minnesota, 2019. Association for Computational Linguistics.

40



