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Abstract

In recent years, the situation of electronically inputting Japanese sentences
has increased in the background of changes in the social environment. The
goverment curriculum guidelines described the ability to utilize information,
and it mentioned that students should learn basic information terminal op-
erations such as character input at the elementary school stage. In addition,
as of early 2020s, effective remote work is required from the epidemiological
point of view. Information terminals such as PCs, smartphones, and tablet
terminals tend to spread to younger age groups.

In such a usage environment, there are some situations where hiragana is
input by relying only on Japanese sounds and the converted kanji is used
without sufficient identification. This is especially noticeable for homophones
such as Japanese “tuikyu” which means “pursuit” and Japanese “tuikyuu”
which means “question severely”, which have small differences in meaning
and usage. Therefore, a system that automatically detects these errors and
encourages reconfirmation is becoming more important from an educational
point of view.

In this paper, we propose a method for detecting errors in homophones that
occur in Japanese sentences. The language model BERT of the pre-learning
model showed the effectiveness of applying the language model pre-learned
by a large corpus to various language tasks. In our method, error detection
of homophones is performed using the language space of this BERT. The
general usage format of BERT is to relearn with related data according to
each language task. We propose a method for detecting without re-learning
by adopting the Zero-shot learning format. It is expected that this will give
good results for error detection of homophones and suppress the learning cost
of machine learning.

We targeted homophones with only slight differences in meaning and usage.
We used sentences containing homophones extracted from Mainichi newspaper
articles as experimental data.

The experimental results showed that our proposed method can identify
homophones with slight differences in meaning and usage. On the other hand,
some had poor results for homophones that humans can easily identify. From
these experimental results, it was inferred that overfitting occurred in a part
of the pre-learning model.
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FERFBEORD ZME T 2HFOFER, HEHBICEH LXFEHEZHAVWSF
% [1] PREY R WS FIE (2] (3], HERM LSA ZHW25FiE (4], Earth Mover’s
Distance ZH\W\ 2 Tk [5] M EBFET 5N 5.

21 #BEEICEBLIEFE

BOIIEGRELENT 2 HEEXEWA 20N EZZ I Tnwad Z e icEHL, AHE
BIFGEOMD MM T 2 FEE2RE L.

BRI 72 649 % 3 2 FIROMBEFIEZ K 2.1 1R T
FEEBELZTOCERABE AN & LT, TBREEMNIC XD AHEEIRED RS REESD
r Z PO OBERBEMEBICHE T 5. BEWREMTZ EREIRESE L IRE L, ZokR
REDMEICHV S, ZORERNRHIK E#H T 2 FiRE, BROGEEEZERT 3
IZAMRENWZEEEEAE L TR TWS. Z0fke LT, XEVPOXFHEHZ
HA32FE 1) 2RELEL. ZOFEOEANLZEZFITOWTHLIE TBHZEOSCEICH
NTW2 n XFHHEDH LD UDKBICEDTEE, MENROAFHEEHELZED n X
FHPEDZDOHIZEEN T VI EMIET 2 Z Ik D, MENRORHEEHIENED
PEPTHET S LR T WS, X 22 I F#EEZHHT 2 FEOEARNZEZEZ D
BAXZRT. PHETIREDORERFZELD (n - 1) 7Y, BiHERE3EBGICHEET 2
| FEREDE L 0 CFEBICOWT n XFHEEFE LS L, ZOMREZED KA
W3,
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BEwHE
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Ceer Rl Iy
AT BB L Eh e TE B i R
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2.2: AR SCFEBICER LFE (1S 1997 (1))
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22 REVRAMIEBFE

Frnd TR REBEGEREIC B 2 RS R 2 HaE, ETFRILEERL & o2k, FH
B RAEMBEGFEREROMBE & i) LR 2 22T, 1R D IESRERMBICEH
SNTVAPUEY R bz FERREEMEICHEA S 2 FEZERE L.

REYV A MIZ FAGEFEO—DOTHERET M I DIEREINS. BRERE Y 5
AT AT, ERBERMECHAING. H2HFEOERLERT 3, Uk+
THETI2HEBELILERET 2. ZNOIHLIGEREIET 2 TR EZ RS, Fill)
DEWIEIZHARIZ) X FBREY AP THS. T2TH5L k5] ODIREY X FOFIEE 2.1

N

]

\

7 2.1: EY R b Dfl

AL | TR | 2R
M| 2.22 Rk
HAE | 1.56 1
%% | 1.54 N
AL | 1.43 T
ek | 1.22 LA

FHIINZX, Z DI evidence; Db & T, FBFE sense, DIBIIN LR L FEE sensey
IBIXN D HER L OB EILTREINS.

log( P(senseq|evidence;)

). (2.1)

P(sensey|evidence; )

BUCPUEY R bR AERFBEMECHEA T2 £, ZOUNEY 2 MIER 22 H K & T
HES 2720, HNGAEHLO BAMN T ICEEFEOHREZMH S 2 Tk 2]  RKillE@z 7
7 4V b Dl e § 2FE 3] RIER L.
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2.3 FERM LSAICELBFE

SO ESERE KRB ZERYE LTHWS 22912, MR LSA 28O unigram
ETNVOREETNVERAMHT 2FE 4] 2REL%.

[ LSA (Probabilistic Latent Semantic Analysis HERITETERRMHT) 1ICBWT,
XMk h 25t e 2 HEE w OMER p(w|h) BXATEZ 5N 5.

plwlh) =Y p(t/h)p(wlt). (2.2)

t 1Z unigram OEFNAES, m FREE, p(t|h) B3R b 12B1T % ¢ FHO unigram
DEA, p(w|t) 1Xt FHD unigram 128135 w OMERTH 5. X 2.213H 25 RicBV
T, ABERFLEO COHENHL T VHOMERELEZ 2 BINTE 5.

%% unigram EFLEZRDZEUIEM 712 X a %W, UIFD & 5 RIlT—& D
DREZRACLEET 5.

Z Z n(w,d) logZp wlt)p(t|d). (2.3)

w deD
n(w, d) \&30H d FOWEE w OB, p(td) 3E0HE BT 3 t BHOESLOE
ATH5. ZOMIZ=F51E deterministic annealing %12 & 2 JHFT R D [A)EEP, £
TINRA REENT K 2 @S DELE 2T o T\ 5.
BB = 5 6 DT B 5 13 w O L(w) 35k 2.4 ¥ BRSNS,

) = B

Pngram(Why) W= 6B R =25 4 ¥ L7 ngram OFELRETD D,
pprsa(wlhg) 1& PLSA 1T & o TETF ML I N RIBRY HH BER 2R 3.

pngram(w|hL)- (24)

24 EMD IC&BFE

)i 5 1% EMD(Earth Mover’s Distance) %\ % Fik [5] Z12E L 7.
EMD 37 fifi O il 2 R 9 RET, BUEGERROTHLE THOWLN TV S, 71
FOMBEDFT R ZEEMEL U, RELEXI X PZ2HWTEET 5. EMD ORHIZE
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THREM P LG Q 2REL, TAEhZREELEADONRY PLVTRET . 24
ESMEBBOMIED 2 b costyy FD, HREEDZ FARAL BB %Y O— £ Bk
EL, 771 P, QH®EMD ZED 5.

il Doy costijfi

EMD(P,Q) = Sy (2.5)

2O EMD OFRZEM P 2 H RN R %z &, it Q 2 IR SCFH h x5 % 28 is
i ha,hay o hy 2L, ZRENCRBE L EAZR -2 2 & CHEREFENEICEH L
TW3.

R KIS e LTI 2 40, 35, TBaFOHEZHY, RiE
He U TNRETRFZEOER, ERICHET 2 HEOMFAFROMAGDLEZHWT
W3, costi; EFFATEROABPHEBOMBAERrHOTHEET 2. FEEOEAL
tf-idf 2 ITLTW3.




16

E3IE

BERT

BERT (Bidirectional Encoder Representations from Transformers) (& J5 [ O
Transformer [6] Z W, KB T — X2 Ko THAIEE SNLFHEETALTD 5.

CDETIX, ZU DI BERT OHOMER L 72 % Transformer DR ICSN D (55
fi). i BERT oftZ e figzdiH L (55 2 1), HFAIFEHO X227 D MLM & NSP
KOWTHAT 2 (BB 38, 8 4H). 2ok, REBRTHWZHAFER BERT oW
THEZEZIRNS (58 5 ).

3.1 Transformer

Z OffiTi¥, BERT @ “ERT(Encoder Representations from Transformers” \2& 7z %
Transformer OHFE & #i& % 5FH L, Encoder Of#E % A% (55 138). Transformer &
oY T AY—FICHOTWS. —DHDH 7L A ¥ —Ii% Multi-Head Attention
T»H 5. Multi-Head Attention ZHfE S 272912, 3 Attention ZFHHT 5 (5 2
JH). 2Dk, Attention 2 S 717z Multi-Head Attention \ZOW T2 (5 3
H)., “OHDY 7L A ¥ —TdH % position-wise feed-forward networks (DWW TIZ—H&
72 feed-forward networks L IZIZFHED D DTH 3.

3.1.1 Transformer OEIE & {8:&

Vaswani &1 Transformer (6] £ WHBRRET L EZIREL 72, REZOERIETF R b
JLFEIZ RNN %2 CNN Z H\W 2 RO REBRICH 5. RNN IXEAEHR AT, FEa
A+ ZEDTLES. CNN BRXOIKFEFREZRI T 20NICHELRH 5. TSR
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D7z, Transformer TlX Recurrent &< Convolution &DfiH D IZ Attention &%
W5 Z e DR e 72 5. Transformer D 2A{%1% Encoder-Decoder €7V TH 5. ZD
ETMEEZK 3.1 ITRT.

QOutput
Probabilities
s ™
Add & Norm
Feed
Forward
- ™ Add & Norm
r—~— :
sl L s Multi-Head
Feed Attention
Forward T 7 M
| S—
N Add & Norm
Add & Norm e
Multi-Head Multi-Head
Attention Attention
At At
L D —— r, . _}J
Faositional Positional
o + & .
Encoding Encoding
Input Qutput
Embedding Embedding
Inputs QOutputs
(shifted right]

3.1: Transformer ® € 7 /L& (Vaswani 5 2017 [6])

3.1 OLMAY Encoder, FHHlAY Decoder ¥ 72> TW5. ¥HELICHKEOTHENT
ALV AY=—DDY, TOLAY—%2 NERXy 7ZHETW5S. Transformer Tl
N=6 2L TWs. ZOXAL YL A¥Y—Ik, ZOH%D BERT DA% £ T Transformer
Tay 7 ML THWS.

Encoder OEBIZ BT 2 0UH#IZ, £3 AT (Inputs) ZH ALK (Input Embed-
ding) 12 L, f7#E1E#H (Positional Encoding) Z/MZX 5. XDAX AL YL A ¥ —=IZ=2O0D
BTV AP —THRINATVWSE. —DHDY 7L A ¥ — 725 Multi-Head Attention
JEIWZA D, residual connection Z M2 (Add), E#LF % (Norm). ZDHOH 7L 4
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Y —1E— %72 position-wise fully connected feed-forward network TH%. ZH556 b
residual connection Z Mz, [E{t3 5. Encoder fED K E 0 UBIIM ETH 5.
Decoder OFEIBICH T 2 MHIZ, %311 (Outputs) ZHAAKIL (Output Em-
bedding) 12 L, fEE#H (Positional Encoding) ZMMZ 3. XDXA YL 4 ¥—13=D
DY T LAY —THERINhTVWSE. —DHDI T LA ¥ —tixsd Masked Multi-Head
Attention JEIZ A D, residual connection ZJIZ, EFLSTE. ZOHOH 7L A ¥ —
¥ 7% % Multi-Head Attention JEIZHTOY 7 L A4 ¥ —556DH 1 & Encoder f8IEAD 5 D
Hh, —ooihzE AN 35, ZDFR, residual connection ZMMZ, EHLT 3. =
DHDOY 7L A4 ¥ —IE— N7 position-wise fully connected feed-forward network T
»H%. ZTH5BH residual connection ZMZ, EFELT 2. XA L4 ¥ —%KIFRIZ
Linear & Softmax {2 & b /1R ¥ 72 5. Decoder TEID K E 2R UWHIIL L TH 5.

3.1.2 Attention

Sl DiE D, Transformer 13Z 8D Attention EZ W TW5. Attention DRKD 5%
R 3.1, /1 XA=Y%EK 3.2 LTRY.

: QKT
Attention(Q, K, V) = softmam(ﬁ)v. (3.1)
k

L

T

o W
3.2: Attention BEHD A X = (Vaswani & 2017 [6])
AJIZE query & key-value DRX7%E2EKT Q, K, V ODXZ ML THS. Attention B

BIZD=2%bICLTHIRT "MAST Y Y T IT U F2 5.
QKT ofFlfi% Vd \ICED A7 —1) L, softmax ¥ 3. ZORRYL V T4
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Brrolbohtheins. Jd, ®d, d KOz Ry. Q, K OXTiEFRTL
DT, QOXTHEbENS.

O BRI LT, 3 HEEERHDAARIIC Lz al, a2, o® » Attention DH
Hick b bt b2 P e R 2 UEEREEK 3.3 £ LTURT.

H
H .
I

HHAARH ab, a2, o 1Z query, key, value IZHIGL7=EA W, Wk WY iz k
h, FhrENn ¢, 3, ¢, kb, k2, k3, ol 03, 03 e kB chesaedo Q, K, VO
RZIVTHZ. BEAWL WF WY BENTHYEINLEBITHTHS. 20k, k',
k2, k3 BEREL qb, ¢%, ¢ L1THIfE% & % 2 ¥ T Attention & FEEN 2175 A 155
N3, ZoAr v, v?, v DITHIRED al, a2, o ITHIBT 2D b, b2, b3 LB,

Oz (a2 1

4 3.3: HDIAARI ', a2, a® 25 b, b2, b® bk B!

Attention A:
Oz Qa2 ﬂ?

QI Ql Ql
ngu

3.1.3 Multi-Head Attention

Multi-Head Attention IX#E%( D Attention 17%1% Attention EIZFi7- 8 % Z 21T &
D, H—o Attention % LA 2 RN ZEET 27-DICHVLNS. Vaswani 5%, H
—® 512 RITD Attention ZFH W5 XD 3 64 XITD Attention % 8 DFHWT, FHRZH
BLEIEFS DRVERICE 2 LR T 5.

*1 https://medium.com/1sc-psd/%E8%87%AALET %84YB6%ES%ASY80%ESYAAYLIELES ST HABKET%I0%
86E3%81%AE/LESY,B7,A8%ET%8D%A3-transformer-%E3%81/,AEself-attention-layer%E7%B4%
B9%E47BB%8B-a04dc999efch


https://medium.com/lsc-psd/%E8%87%AA%E7%84%B6%E8%A8%80%E8%AA%9E%E5%87%A6%E7%90%86%E3%81%AE%E5%B7%A8%E7%8D%A3-transformer-%E3%81%AEself-attention-layer%E7%B4%B9%E4%BB%8B-a04dc999efc5
https://medium.com/lsc-psd/%E8%87%AA%E7%84%B6%E8%A8%80%E8%AA%9E%E5%87%A6%E7%90%86%E3%81%AE%E5%B7%A8%E7%8D%A3-transformer-%E3%81%AEself-attention-layer%E7%B4%B9%E4%BB%8B-a04dc999efc5
https://medium.com/lsc-psd/%E8%87%AA%E7%84%B6%E8%A8%80%E8%AA%9E%E5%87%A6%E7%90%86%E3%81%AE%E5%B7%A8%E7%8D%A3-transformer-%E3%81%AEself-attention-layer%E7%B4%B9%E4%BB%8B-a04dc999efc5
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Multi-Head Attention D3RD G %K 3.2, 41 A=Y %K 3.4 £ LTRY.

MultiHead(Q, K,V) = Concat(heady, . .. , head,)W©,
where head; = Attentz’on(QWiQ, KWE vwY).

Linear

Concat
Scaled Dot-Product h

Attention

1l 1l |

1 ~ £~
[ Linear |1[ Linear ﬂ[ Linear a
7 ¥ ¥
Y K )

3.4: Multi-Head Attention HH{D A X — (Vaswani & 2017 [6])

X 3.2 HD h 1 Multi-Head ® head ® Z ¥ T, —DO®D Attention ZEMH 3 %. Trans-
former T h =8 ZHEELTWVWS. EFTLADRILE dmodel, K, Q DXILE djy, V D
Kot dy £ LTRTE, dp =dy = dmoder/h = 64, £72%. BHADITAZEST W id%Z
nzh WiQ € Rimoderxdi K ¢ Rdmoderxdi 7V g Rdmoder Xy WiO € RhdvXdmoder |

SR EDERE EOaX MIXIZAKD X TR H ET X 5.

3.2 BERT O#IE X 1EE

Devlin 51 BERT [7] £ WI BBET A ZIRR L. RO L EFIZ, Multi-
Head Attention % %2 Transformer 7 0 v 7 Z HWAFFEE 745 CNN % RNN 12
HOKEFT %2 ERY - e BB Fonsd. £, #75 Transformer 70 v 7 %
o727 N b BARDERE EICHW T\ 20, BAAMEE b 8 2 WRRMI D -
ledFETFoNS.

ZZT, BN EIFEETLVE TRA R (SHEAEST CIXCEERY) 13H
M3 25 keHRELTHBL.

—2HI3 feature-based (FiENN—R) LIEEIN 2B DT, HHFEHFETNVICE - TH
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LR E, BNOXR 7 2R -DORHREYL LTHWZHIETH .

ZOHIZ fine-tuning(MFARE) 1k 27 IR —F TH 3. LZFAFEHET NV ERKY
LT, BHOXRZ 2T 2 X5F B L EARE ZHET 5.

=OHW@HED D 7T — X0 6 DEBFEIET O L. FICEHGIRRTE TERAT, K
BROHAND D EBGT — X 2 HHEE LMEOBIRLAMe T VIcE T8 BT, HWY
DRAZTHET 5.

BERT 12 =2 HOD fine-tuning I k37 70 —F %2 %. ¥ T KEBEOHMAZL T F X
=R Ko THEAFEETVEERT 5. RIC fine-tuning IZ K o> THRAL X R 71
WS 2. FHRYE, FHFELEETLOENEE ZoFRick D 11 @ NLP X272
T SOTA ZiZEMRL 7.

BERT O##i&122WT, Devlin 51Z Vaswani 52578 L7z Transformer @ Encoder %
FIZOFEFHWE LTSREICBEIT TV [6]. AR Tk 3.1 HitZoWNEZE LR
LCTW5. BERT OfEEHD =%, BERT 23\ %8 (Transformer 78 v 772 E) D
¥ L”, Multi-Head Attention @ head O Z7"A” L L TR 3.1 ICFL D 3.

% 3.1: BERT O#i

model L | A

Transformer 6 8

BERT BASE | 12 | 12

BERT LARGE | 24 | 16

BERT 121X BASE €742 LARGE EF VO @A H D, ZDOEH 5 b Trans-
former OFFEZ LAl > TV 5.

BERT ® AH 122\ T, Devlin S2FIACHWAEZRKZHE L2 0%K 3.5 ¥ L TR
L, 2% b 212 BERT O AHNICOWTHIAT 5.

BERT D ANERIZIARLVDOIEN_XZ b= ML LTbDERK =7 V2 GbE
Te—oDY—r YA, FRE—2 2% [CLS] & [SEP] ic&RH XN, [CLS| &> —
Y ARNCEREENS F—2 v ThHY, [SEP] BXORYI D ICHREENLE F—2 2 TH
3. I =27, O—F Y AHOMEBEYLY XD B HIZET 30 DIEH
zEbt, HOIAARILE 75, ZOMDIAARIZ Transformer 71 v 7 Z2HLE L
72 THEEL, ZOMEE MLM ® NSP ICHWT FRZ A7 OEEZED TV 5.
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| WSALOXB

| [ |\SNILDXA
| [CLS] (A1) (A2 +-+ (AN [SEP] (B1 (B2 +++ (BN
1 1 l I 1 1 1 |
Ectsy Ear Eaz *** Eav Esepp Egi Ema *°* Egy
BERT
c T T eee T \I[SEE]_‘ T T eee
—~— S - /
NSP Masked LM /
X 3.5: BERT O AH 7
3.3 MLM

BOTEMEER ORE R, ZREAEOBRIZEZINCH T OEREIM[ITETLES Z

Yizhs. HlziX1 BETEICE Y
. ZOMERIIL L PRI Z & 572912,

WIEEHTDERPEENTNWS

DIEREREELEE, 2 BH TR S E SN 5 HR
H5EIE

DAN =20 %FVELIRAZL, ZNH6XR7 SN b—27 2 TS 20 %2

BN
7 HMINZWIHETH 5.

Z D A7 LI 2R T

BED XS RN W2 5. HRIC X D cloze & &

ZDE IR M % ELET V% MLM (Masked Language Model) & KI5 5.
BERT 13 = OEMEIS% 15% L LTW5. BEMNSD5H, £T% [MASK| F—2

VICHE
TRAVLEZIZ TV 5.
BERONRE L o7 b

— 7 D55, 0% &
10% 1E7 v Z L b—2 e EE#HZE. BYD 10% FEHXATWRW,

{2 B e HATFE & fine-tuning ORIDEIEED TR HTLE S 72D TD X 57

=z 5.
Db —

[IMASK] b—72 VICE

Z7oDEFICTS. 0%, EEMIC [MASK] h—27 > X3 DELED 12% T

H5.

Z45 [MASK] ¥4 h— 2 Y R RELY Fu Y —#5E% b LIcTHIT 2 X 2 7 217
5. BN [MASK] b —2 > QHIDAAEIRIEY 7 bvy 2 2 %58 U THHEE LD
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DT RD. TORAZIZE DIEROERIFEE FIEICHANT, XROHTEREIEZ -
BHEEZESRL TV,

3.4 NSP

SETADPEET S TMA R 7 IZEMSER BASHEMGRL Y, X XK
fREBETDIRRAIDDS.

NSP (Next Sentence Prediction) {%, &
BERT [ZHfRXE 2 XX TH 5.
FHICHOONZH—Da— 2 e, —7 Y AFDXY A X B EEIE, X B
XA HEKET DX IEEHRDO LD 2 X — A TEITh S, IO IE T — R
s 7 X MEIENS. o - IR EL S Nz, ROXETRT 2227
DK 3.5 DFE TSNS HDIAARIL C 26 L iZfTbh 5. T X b ZXXH DR
OHfE ZE D, BET 5 THREXA 7 OMEZFHD TN,

EET Y VI TRoMAZVWXHEOMRE

Tul

3.5 HE#&EhRk BERT

BERT I3 HFEAMRICET VY Y 7 ENT VBT, HAGESRHERED X 5 R SilE MR
Y3 AGEFATHICUIEMA T =27 M2 BT 5. FR =2 Lo FEE =D
H3. —OHFERDIEEREHEREH TS, ¥ 7V — RIZT 37512 BPE (Byte
Pair Encoding) RED 7Y X L% HW25iETHS. —DHIZ SentencePiece™ &
W, Za—JERBUEATD M= F AT ERAVEHIETH 3.

BHEABEINTWS HAGER BERT 2% 3.2 ¥ L TORY. EFAHAL XDAN—V g >,
BPE OHFHEA—Y 2>, WWM (Whole WordMasking) OFHEAN—Y g >, MEHOLL
B2 ¥ O AL I OWTIT BT 5.

*1 https://github.com/google/sentencepiece


https://github.com/google/sentencepiece

% 3% BERT

7 3.2: HAGER BERT DA

ETNV VIZAZAN FL—=27
FbAH MeCab-Neologd + BPE HAGERR wikipedia
HHRAR JUMAN++ + BPE HAFERR wikipedia
NICT*3 MeCab-Juman + BPE HAGERR wikipedia
Kikuta*4 SentencePiece HAGEMR wikipedia
hottoSNS*? SentencePiece KEE SNS a2 —o%2
Stockmark™® MeCab-Neologd HAFEL O A A =2 — RilH
Laboro*” SentencePiece MEINEE Web R—

I https://github.com/cl-tohoku/bert-japanese

2 http://nlp.ist.i.kyoto-u.ac.jp/index.php?ku_bert_japanese
3 https://alaginrc.nict.go.jp/nict-bert/index.html

4 https://github.com/yoheikikuta/bert-japanese

5 https://github.com/hottolink/hottoSNS-bert

6 https://qiita.com/mkt3/items/3c1278339ff1bcc01871

7 https://laboro.ai/activity/column/engineer/laboro-bert/


https://github.com/cl-tohoku/bert-japanese
http://nlp.ist.i.kyoto-u.ac.jp/index.php?ku_bert_japanese
https://alaginrc.nict.go.jp/nict-bert/index.html
https://github.com/yoheikikuta/bert-japanese
https://github.com/hottolink/hottoSNS-bert
https://qiita.com/mkt3/items/3c1278339ff1bcc0187f
https://laboro.ai/activity/column/engineer/laboro-bert/
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AWFFETHWz BERT €7 /ULEHILKD BERT 0702 T 5.

ZDETIMIHAERGER Wikipedia ThL—=Y 27 ZNTW3. a— 204X
WikiExtractor*?Z{#f L T, HAZEN Wikipedia e DX > T 7 7 4 b T L —
FTEIAMEZHMELTWS., 7FZA 7 741D A4 RF 2.6GB T, # 1,700 HXITH 7=
5. TL—rT7FAMI/ A XDREREYLXADIE7Z 20 D DRI A &
ns.

F— 27 MEICIE TR 88 MeCab™ WS 2. EEE X mecab-ipadic-
NEologd [8] #Fi\"T\ 3. #3EkRM+ Y 2 F 1 BERT ¥ MkICH 77 — F{ticiz BPE
ZHWTWS. Z® BPE & SentencePiece Db DZHWT WS, ZASMEIZ X DFE
24 13 32,000 £ 72 5.

ETNVOMIE S HFEM D A V) 2 F )V BERT OR—REFL LRI 12 8, BOUED
B A 1% 768, head DEUL 12 72> TW5b. PL—=V T dFEBICA VAR AD T
DD =2 E512°T, Ny FHD 256 f Y AR ALY, 100 FED kL —=
PRAT v TEATo TV,

*2 https://github.com /attardi/wikiextractor
*3 https://taku910.github.io/mecab/
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EA4E

/ero-shot 4

Zero-shot ##E, BHDFE L TOROKRANIODOWTAD XS ITHRTEZ 2 L5127
27-00MDIHATHS. ZDETIX Zero-shot ZEBEMED /=012, %3 Few-shot 2%
WKOWTHAT 2 (B 18i). 2D, Zero-shot FEHDMWMEIZOWTIARS (5 2 #i).
LB U 7 B2 B T 0B E S B BRIZ 2N o 2280, Rz kiR 5.

4.1 Few-shot #H

— MBI A X EE AR MR RS, FEH IR MIETIMMERD D DEE
AR MRHAED D FEOBENT — 22 NFTERT 270D aX b rENEITLN5.
B DB LTI D D 228, #him LS, 98D D EE e v o Rz 4
AT LoL, THHRERNIIT—ZDORZHITRICL TV, —RIVREMEE O 7
Tu—F VBT —RXICHNDL EMFHRETILERD D THS.

Few-shot %#8%, ZOAVRT—XEFifEL U THEM AR ZHEESE 2D HATH 3.
WH, N-way-K-shot 7ESHEINS. N 77 2128 K HOFIH B % 57 RE T I
T—ROERHIE K x NATH D, THh Few-shot ZEHD few iICH7= 28725, 4.2
HiCitH$ % Zero-shot #3X, ¥ 72 2 1E#ADS zero £\ D T 2T/ 5.

Few-shot 2£# % Wang &5 D—f&k{L [9] i<in > THEEZHAAL Tn<. £7F, Few-shot
PRI AEEICEEN LD, BMEEZERTS. 22Tl Wang 6 AR TH
LR T DD TaT T LH, ZDOMWEFHEME P ICBAL T, BB E &> THE
ENBYGE, 207077 LIEME Po¥BELTWS. | LiERT 5. few-shot DD
BT —REEZAZEEORONTZBD I RAET —XZ2EBRL, ZORBE ICH5.
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COBBETIIVRET -2 0HAMB O FE LR UREE 5. D&ET —XDET ML
WX LT, Few-shot FEIFHFTHEE WO BRAEZH W2 KRS,

HATHERICOWTHAT 2. ChEZR 7 T2 LT 2DIE LT —&, ETIL,
TN RALREZBHEBNRPBITONSE. ZHODERAGBOBEBEEZ S LICT S
T, PETFT XTI ETNVORENEEZHMRT S, T OHEATHIE D SR OB E
EBRDIEFRE ICH72D, ZOREERKDEARIZ few-shot DFFOIFIICHN LN & T
H3.

Z ZCHRFSEY, FEIGE)S, fine-tuning ¥ Few-shot 22 DX ANCOWTIN 5. 5
BYHEIT—2DEERY —ARNXAL Y - RRIPOLDET—RDR—=7 v P KXV
R A7 ~NHEE R R T 5 R CHREBHRLLE > TW5. Few-shot ZE A DI ICOW
T, BEEE LD SRR 2 5. HEEICIEREEO—EEZH6h, Y—Rt
R—=7y PDRAIZMPEILTRAXAL VB RZZHBDEEZ 5N 5. fine-tuning [ FHHTH]
BMICHEHIFEET AW D EEZ BN, L, BAIFEETLDNRI A&
ZEFTHBICOVBT XL 2BREEEIEE S 2720, T —XBOWED HEED
NETH 5.

4.2 Zero-shot FEDIHE

Few-shot £ OHHIHFHZHIIRICT 2 &, WMBICRAZHRIELNEZLITRS.
NEARAZHER T 2R, B OBIRPERL EORBRIC K > THERT 2. &
DFEBRC D 7z 2 THEIZ I HIER & U TR 2. HEICBRELZHRIL L LIBRSE

FEREDZEMEH WS Z e B—RINTH . Wang 513 Zero-shot FEIZOWT, R
EWRRXRZ TIZEOBNMBDEXRY 74 2 E XM BEPDHHILITBEM LTS,
Zero-shot NI X X7 T I L7-HaiAzEEL, T2 XA T 2R 72912
RE A7 WY 1B R =P

i D 2 & Few-shot 24F, Zero-shot #EHD#EWE 7 7 A3 ZH 2 LTK 4.1
R



% 43  Zero-shot #H

K 4.1: HWEE O

H task T experience E (#Hlid D [H#R) experience E (FFiAEK) performance P

Hiid b o 75 A5 5 FRLVHHF—&K mL BaE b7
Few-shot %% || 77 A7 ¥E DPEINLVHD T—X HuEgET L DIEREE

Zero-shot 2#3% || 7 5 2 3%H L HuEEET L FHERERE




29

EHE
REF

ARE T Zero-shot #EHDFER%Z L D, BERT 12X > CTRAIZRBEOE D REEITS
FHEEARRD.

Wang 5D EHREZBZIAFEERR T3, X227 TR Z 7298 LTORY
gD M, BB E 3HAIFE L U CTHENYE 7L BERT, MEREFHifE P 13508
FEErLTOFHEE 5.

, DB ONR L LTHBERFEVZENDZIXE AT S, AT 5045
Y732 % [FE RFEFEHZ BERT T [MASK] b—27 Y OR%EIRFFO b —27 VICEEHZ 5.
Z0%, AXe2thkz =27 AL, Fii¥E Sz BERT I & D AN ekz s
RAEBICT 5. ZOMHDRAAER Ko7 b —2 V5% s 212 [MASK] b —2 >
DHirHEBZ BERT 2 FHlE € 5. Flli#ER%Z BERT OJLENEIZ 10,000 FEEIF L, X
R ZAERFGEOHBIEZFANS. HBRIHDOF W, BERT OLELE WG 2 AT
HTHOWOLNINEFRFREFZEO TR L T2, FHRR Ao EREREI R
RBHGECHEY L LTHIT 5.
mmT®$%®ﬂ%Ed$m$%%?w%&xﬁmmwmmgﬁéiﬁﬁﬁiéh
TWa. AFEEZ, 2O fine-tuning D727 — X ZHET % 2 X b= fine-tuning H
ROEFTHE 2 R b % Zero-shot FEOE X% L 5 Z L THNTE 2. HIFHET LD
FHax %D Zero-shot #HDERIZED 20 EPITOVTIIRERT —<RED, T
CTWEERLRW.
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EO6E

EER

AETIE, AFEONRE A D DIToEBRONBRIZOWTSNG. T, KBS
BE S 3 7 — X RHWEET AR EDREICOVWTARRS (F 1H). 20k, EEBoOHE
Rzrd (552 Hi).

6.1 HERF/RT

FEBICHWZ 7 — 2131993 55 1999 FoBEHFEHOGLENTHW S AL
6,393,423 1O HARFEX T =X TH 5. £ 6.1 107 — X L TIT o 7L 28k

N

* 6.1: EEHIFCHEN ORI & ATLERR O S

N L
FVYFALT—& 6,393,423

400 XX FEEZ 3R HIER | 6,392,701
ARG " B IRV R HIBR | 6,333,650

AV I FNT =R SR 1 R ICH =% 400 XFEBZ 23RV, GdHD
HFIWHAREX L EZARVDDIEENTVE D, FRAEZEEFROLDBEROTWVS.
MOBRHONRE T 2RAFTRKEIR 6.2 I1ITRT 20 HENRE 5. BEOREMEIL
FFEFREBEOWIE) TITbNFAEEFREORE [10] 1Id 2OV TWE. ZHUE 1962 FiZ

1 IEERRVTWVS.
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BN B4R 143 N MRICABERE 2 M2 T A M LEBRTH S, ADFHAILE
BRO—FlE LTRWIBHEIC L. ZoHr s, BHFHEGLEICESET 2 X8k 0t
REWVRHIEL» SR LT\ 2 EHE ED 5 20 flE R LT3,
RILE%E L2 FORKRT =206, HROFERBELE T2 EBRAICED H
3. BU) BT MeCab*2 % W THEEDIERZ L TW3%. MeCab HDEEIX mecab-
ipadic-NEologd [8] Z W TW2. WO LAXERERBEZ L IR DD 2720, [t
BT 2RIEERBEOXHIVPHRVHICEDETHELTVWS., ZOBEREDDDH
HIZT VR AR ERREIICL TV, LEN» LMD LN REGEE BT L
FERD 7= DI L7232 oV TH &K 6.2 8hbETRLTWVS.

FR720%2 85— T ORIERBRFBICEZMZA S I TERLL. D 7F—XIIBRTRE
DR 5 D 50% FTOMERL, ZhozEbEb D2 FRIIH W,

BERT O HERIEE T 7T MEHALKED S RN X T 3 HARGER BERT* % W T
W5, Z® BERT O&JEX cl-tohoku/bert-base-japanese-whole-word-masking | D€
TLAERAZNTVWET 74V FDERETHOWTWS., TDOFT 7 4L MZOWTIE 3.5
it RT W3,

FEBHEROFIFEIRICE FEZHWS. AEBOT A M7 =X fHSEE LTRED
DN K S FEEL TV A28, AFFRIENRPEMDOENMPEE S NS 720, ERRPEH
ReERTE5L5 FEZHAVWTWS.

FHRE . LTV BERT OFEFIFEETANAFBRTHRE LRAFRZEICO
W fine-tuning LI ORE DA T 2 D0 EMIEST 570, 7A T —XRIZED %
aoiRw, HEGLRFEOEE TS L 2HERE —HORERFELHRIT-o TS,

*2 https://taku910.github.io/mecab/
*3 https://github.com/cl-tohoku/bert-japanese
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3+ 6.2: EEH T — XN O REE RERE

HAGE || BCEEN | MhHER | B || BEE || BCEWN | MHE | EEREL

BT 964 900 fREE || 3,414 | 2,500
1,800 ) 5,000

BT || 12,665 900 aF || 6,674 | 2,500

SED e 2,825 | 2,500 H£[F || 15,406 300
5,000 600

Bl 9,029 | 2,500 tinIA] 307 300

F+ || 8,143 600 e || 4,251 | 2,500
1,200 5,000

A& 687 600 HIE || 6,685 | 2,500

e 838 800 E=LVN 814 800
1,600 1,600

Wi || 8,962 800 FHE || 11,875 800

SEAT 505 500 & || 17,453 | 5,000
B 1,000 10,000

WiAT 1,741 500 REZA || 5,146 | 5,000

R || 5,177 | 2,500 E 1,283 600
5,000 1,200

B L 4679 | 2,500 #E 666 600

E || 5,864 | 1,000 YERR || 9,428 800
5,000 1,600

B 1,112 | 1,000 = 828 800

=& 964 900 BIR 399 300
1,800 600

=2E || 9,268 900 " || 6,213 300

1% || 26,739 700 IR 1,047 100
1,400 200

el 723 700 EH) 137 100

fiR%s 562 500 AW 192 100
1,000 200

[ || 10,871 500 HEE || 3,907 100




6.2 REIER

FERDAER & @SR DIEMR 2K 6.3 1ITR7.

=

gk o=4R
2R D=4R

7 6.3: EBRiER
KB | T | EER | @4
{7, %7 Y| 1,800 | 0952 | 95.2% | 79.5%
{Bk, BMY || 5,000 | 0943 | 94.4% | 63.6%*!
{FA+, A&} | 1,200 | 0.939 | 94.0% | 72.4%
{8, %) || 1,600 | 0.925 | 92.6% | 88.6%
{¥47, AT} || 1,000 | 0.906 | 90.6% | 72.4%
{ f&rk, BARCY || 5,000 | 0.897 | 89.8% | 76.7%
{#8), =B} | 2,000 | 0.895 | 89.5% | 81.6%
{B&E BEY | 1,800 0792 | 798% | —%
{ Wk, B} || 1,400 | 0.774 | 77.6% | 74.4%
{ %, W%} || 1,000 | 0.766 | 76.5% | —%
{ s, R3E} || 5,000 | 0.765 | 76.9% | 82.0%
{ [, 1A } 600 | 0.764 | 76.7% | 62.2%
{ ®ifE, ®IfE} | 5,000 | 0.716 | 71.5% | 65.5%
{ %=k, EH-E} | 1,600 | 0.699 | 69.8% | 83.4%
{ tf, #&%5} || 10,000 | 0.635 | 63.7% | 68.2%*2
(Y, B8} | 1,200 | 0.577 | 57.9% | 67.1%
{fEK, 18} || 1,600 | 0.516 | 51.8% | 68.7%
{ 2IR, BEE )} 600 | 0.511 | 49.7% | 49.3%
{ =8, =EH )} 200 | 0.508 | 51.5% | 69.8%
{ i, ) 200 | 0.490 | 50.0% | 87.9%

33
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FEEFERICOWVWTER T BHNZ, W OrDERMZIBRRS.

ERAEDEMRRIIZ—HMZIROBRAE T TS, {BXK, B} OHEHET, HBJL
ZEARZIR, {0, 8%} oIHET, TRE 28 ARZROBRPAVLR TV S,
ZOZIRE OB OWTRE S WS IHE, BHIcE#EShTw bz,
EFELTWA 20, RBWTHE IRV DL Ebh 3.

%7, EROIEZEELTFHEZHVTWSD, BIRD 50% OEh 75— X ZHw3
WIS LIZIEEFER CIZIZFARR DT, BREDEERL KT 2 LTH Z 2 TIRIE
EHREPDICHRNS. FT2, MEBEERPRLR 2 20EREDEERISERETHD, —
RRERED TA) &, BFICLE TERE) OFRRIED T TR 3.

FEROMRZIACH S, 3, 2FMCAXD BBRENMFESZ-ZD LHlATWS
CEDRTHNS. BEAFAEEZEOMYMERBEICOVWTIIEEZEELTHAL
DEATVWLAREMED D 5. —77, { T, HE} O XS5 CARFEI LR TVEEICTOWV
T, RESHEZHLTVEH DB EZITILNS.

AR DRERICSIDZ. RHEEROEVERI { BT, BT } ®952% TH3. M
BT X 208, — BB ANDEERE LRI 2R DH 5. BHICKBR L 726l% % 6.4 12

R

£6.4: BT, KTOTRD DB

TR S | X

X1 | BUED X512, BBEBET 25 &0 VR
X2 | H1~2EDR—ATHE, F2HIATETTS.
s X IR TR, SEEER (CAZS) Mif%T
P E X 2 Tl R RS 5 72 2RI O EiE.

X4 | EEN LT, BT 5 26T, 3ERMAT S FHHE.

EX R T

£ 64X 1B3BERBEDLDOT ET) ZHVWSIDOHNELWV. £64-X 213 72R12) %
"LwoD x5 LEOrTHRLD, YL EME LTRWIITHS. #£6.4-X 31X
KEBEE BT ) EEZBRETE-TWS, £ 6.4-X 41 THA oM #ERL,
MET ) ZRHVWARELEDHETDH 5.

{ BUIR, BE ) OBRIZOVTIING. ZORBIFERTHRLEREDO LR
WHERE B 220, AT > THHEMIC L > THERET, IRIERKIIFALC L - TRV,
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ke LT, TRIR) E&FTHW2Y, TRE) 3HFADIE»MC TRER) 7 DRES)
FAELTHWShL DD, YELJHLFAPBEINLHE, KREEOFFICX 3.

IR L LTHRIR U7 { R, B} OfESRIE 50.0% T MEDEDOERD 2. Ei
ADIEERIZ87.9% TH Y, VD IDHLPICERIN TV S, BHITKRBL 726%
#£ 6.5 1T 7.

# 6.5: A, EEROTFHERD Ofl

TRIRGR &S | X

X1 | BEXEHEEL2DD R OB NN RIPELZNDTH 5.

IEX R e T

X2 | FEZIEWTW S HESLHA O AW o RiE LASERER.
3 | X3 | BEIREBROBNNT X o TEELZITIUIR S0,
AL IEX e Tl

X4 | oS0 TEROENZ2R2DTIIEHEIZZSITED L.

ZOFERTH»5 &2, 'K & 18 oBFEZHRA T THWRY. IRl ©
MAGBETIFFEICZ VI L —XTH 5. 8 pxficenGmcid, Ml & 1
B BHHERERBE LTRIME > THE D, SFEOE#MREZHEL 2T E 5T
DU T FEZHANZ V. £ 6.5- 2 XX 4135EED [HB 2R L T0IUR TR
TR TH RV,

FEICH W T — 2B L 2 BELEZONS. ERT— 20 B RFEFEOM
WZOWT, 2R e d—APHHELHFETEIZAHVONR K VWHEEE WS 2 TH S, Z
X DR EE L E s TRy, —HTAEDED ARVEDT—X TS, 9%
BLTWREWHHENEONS.

A FEE L E SR VWHEEMEES 2729, BEOED o AT REZOMZHIE
MOFEEZToTWVWS. A EZEDRVWHHLED X EFTHNREAEZ T XL —ED
fiR %z 3£ 6.6 1Z7R”$. BERT @ 10,000 ZBAMIC TRl E e h o 7285813 TRRD ) ¥ LT
—HICEL TV 5.

{ AW, BB} ix TRW 2 FHILTuRY. { R, % 0 k51, EREREMNZ
E50% iso s { R, 1LY, { B, 2%}, {Rk¥), B} onwTd—Hmois%
THIL TV AREBIZEB V- TV,

EER 77.6% O { H%itk, &I } IZELENOEZBUK 26,000 DD 5 23— J7 DA
ETHLTWRREIZEBHEWV>TOWRY., LirL, RE OB EREED TO
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# 6.6: D 2 ED VKA R

ALENEL i M| IEE®
AN 192 0 192 | 0%
B 3,907 | 3,887 20 | 99.5%
wE 9,268 | 8,227 | 1,041 | 88.8%
BE 666 131 | 535 | 19.7%
etk 26,739 | 26,378 | 361 | 98.6%
& 723 404 | 319 | 55.9%
(N 964 891 73 | 92.4%
T 12,665 | 12,404 261 | 97.9%

27207, THE ©J71F 55.9% LBl L T\,
{ET, ¥7T }iXEwagistonIhtns.
DRIZOWTIX, —HABEG LW S B HIAARKIHIC

MHIREFE O JE W [F]  E2E3E
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