Transformers ® BERT (31585 2 b THEGE, %2
20 2\ T3 582 %2 o)
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XL HIZ

FEEDPUR 2 B0 2 FER AR ATZEAT L REZest T th ERED 2 — 2 Dt
Z%y (JEE: Christian Wittern, SFRAKIZ., MY, (LkSER, —REaEEA, SAARES.,
i, B Z, BEE—3) Tl N HRERE (0 OSGEMRITICK I 2 L TE D,
ZDBEANLTD—> & LT, Universal Dependencies O i ML [E[FE~ 38 FH 2 2 pF 58 L
T&E, ZOBMBIIEWT, bhrbiud, HIREGEELR D 3213 @Y — )L UD-Kanbun P!
ZEUWEL W, 7, HET L XOMHIC IR T R, TR HAGER D ZENTY —
)L UniDic2UD B! 84 | 7161

Z 5 UD-Kanbun & UniDic2UD &, Wi d | JEREEMMT L > 2 v 12 MeCab 0.996
M% . £2 D ZFEHT > 2~ 12 UDPipe 1.2.0 12 R L T\ %, SEEAEE L T3kt
Bfic, BERFLTw3b0n, BELEZIGERY, 0T, [RYZIITZ Yok
I Th, AUV KETHFEF D UDPipe 2 ICATUZ 5 N\ 72 5 9 26, % 9 FEH I
FLTOLZDED, 99 biFH UDPipe 2 IFIERY UV —RICE S 2\ E ., UDPipe
3ANDBHFBATET 7 v AVENTL £ 57, UDPipe 2 DR D ZIHENT 7L T X L
\Z Biaffine "%"C, UDPipe 1.2.0 @ arc-planar "IZEERTHEEDE K 221370705,
=2l B S oMUk bhvbite LTI X ) D37,

THEREE N SIRAZERTI IR 7 & 7 AUt v 4 —

[(NJoakim Nivre, Marie-Catherine de Marneffe, Filip Ginter, Jan Haji¢, Christopher D. Manning, Sampo
Pyysalo, Sebastian Schuster, Francis Tyers, Daniel Zeman: Universal Dependencies v2: An Evergrowing Mul-
tilingual Treebank Collection, Proceedings of the 12th Language Resources and Evaluation Conference (May
2020), pp-4034-4043.

[2IKoichi Yasuoka: Universal Dependencies Treebank of the Four Books in Classical Chinese, DADH2019:
10th International Conference of Digital Archives and Digital Humanities (December 2019), pp.20-28.

Blhttps://github.com/KoichiYasuoka/UD-Kanbun

(MR ZE—: PUHE % 2% A 72 MeCab + UDPipe 1&t v ¥ —iRBRDEE L% 5t 5 D>, BHEFAAND IV E 2 —
& I, & 30 [RIWFZE& S - — (2019 4£ 3 H 8 H), pp.3-110.

Blhttps://github.com/KoichiYasuoka/UniDic2UD

6142 R 2 —: TUREHRMTIR DA U 2 12 & 2B RHAGE (IHFIHA) DR D Z T T, LB A2 i7E

4, Vol.2020-CH-124 (2020 4£ 9 H), No.3, pp.1-8.

" Taku Kudo, Kaoru Yamamoto, Yuji Matsumoto: Applying Conditional Random Fields to Japanese Morpho-
logical Analysis, Proceedings of the 2004 Conference on Empirical Methods in Natural Language Processing
(July 2004), pp.230-237.

[81Milan Straka and Jana Strakova: Tokenizing, POS Tagging, Lemmatizing and Parsing UD 2.0 with UDPipe,
Proceedings of the CoNLL 2017 Shared Task (August 2017), pp.88-99.

Plhttp://ufal.mff.cuni.cz/udpipe

(19 Timothy Dozat, Christopher D. Manning: Deep Biaffine Attention for Neural Dependency Parsing, 5th In-
ternational Conference on Learning Representations, Monday (April 24, 2017) Afternoon, C25.

(MNCarlos Gémez-Rodriguez, Joakim Nivre: A Transition-Based Parser for 2-Planar Dependency Structures,
Proceedings of the 48th Annual Meeting of the Association for Computational Linguistics (July 2010), pp.1492-
1501.



UDPipe IR BB D ZUFIT Ly P v 2L TWw e 25, Ty v 7 LEERYPAD
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72o [HHK® COMBO 1% AllenNLP 1.2.0 "5 Biaffine FZHE CTHMEK L 72 bDTH H .,
X 512, Transformers 3.4.0 191 @ BERT M1 LRSI C R AIBE & e > Tz, BH L
b, AEEBLT R 5 GuwenBERT U9 &\ 9 (L [EFE RoBERTa P01 7OUDSFER I 11
TED., Transformers IZH 7 v 70— FRPIRAX T Wiz, kL., BE&EIZH- 7=,

CLARIN-PL ~ & % X 1172 COMBO-pytorch 1.0.1 Pz xt L, bt itid, AllenNLP
2.x 8 X O Transformers 4.x ~DILEZ 8 Z 72> 7- ¢, UD-Kanbun DEHELMNTE Y 2 —
)L EBEGE L. GuwenCOMBO & #4017 CY V) — AP L 7, 72, FEDOHREZ UniDic2UD
WAL THE %\, UniDic-COMBO 43TV Y =2 L72) 20 BT, KFEAY
Hofi7 2 b CEEE) O3 EEAGER (2021 451 H 16 H %) 56 4 BB X OFE 1~3 /1
DRJEX %, FAF3H T Universal Dependencies ft: L . GuwenCOMBO & UniDic-COMBO
DFHliZ B Z o7z, DUFICHMZ LR,

(2lhttp://zil.ipipan.waw.pl/Scwad

(BIhttps://github.com/ipipan/combo

[14IpPjotr Rybak, Alina Wréblewska: Semi-Supervised Neural System for Tagging, Parsing and Lematization,
Proceedings of CoNLL 2018 Shared Task (October 2018), pp.45-54.

Slhttps://docs.allennlp.org/vl.2.0/

[1lhttps://huggingface.co/transformers/v3.4.0/

(17 Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova: BERT: Pre-training of Deep Bidirectional
Transformers for Language Understanding, Proceedings of the 2019 Conference of North American Chapter of
Association for Computational Linguistics: Human Language Technologies, Vol.1 (June 2019), pp.4171-4186.

Blhttps://huggingface.co/models

UOTRET R, SRR T HEARII Ay EEERE S Y, 5 19 e M EEHRGEE SRS A b R STk i 44 52
A3 (2020 47 10 H 31 H).

[201Yinhan Liu, Myle Ott, Naman Goyal, Jingfei Du, Mandar Joshi, Danqi Chen, Omer Levy, Mike Lewis,
Luke Zettlemoyer, Veselin Stoyanov: RoBERTa: A Robustly Optimized BERT Pretraining Approach, arXiv:
1907.11692 (July 26, 2019).

2lhttps://huggingface.co/ethanyt/guwenbert-base

(22lhttps://huggingface.co/ethanyt/guwenbert-large

23https://gitlab.clarin-pl.eu/syntactic-tools/combo

R4 https://github.com/KoichiYasuoka/GuwenCOMBO

(25Ihttps://github.com/KoichiYasuoka/UniDic-COMBO



N

i b Py nEm EATATH i B ARURER  VBROGAE  nRARE.  nGAAMAAN ORTARE  WARSE  VEMAGAE nRERARER nERTTRAL
’, N7 > N ~. = ~
® B ZH X B F B 1 A # A M© E E ®E T & U

root root
bj bj
nummod Subj det flat:vy -obj onj

NEARE.  nEMARAR  BAGAZA EBAREN nSATTRAE v T WBRESER  vBRGAAE 1EMARER nEATREA  nEWER o z © nEm WARTE  vEREAEE
- b = £ EE =
A OB K B OF OHR OMowm E OF X B O&5E m o B F WL 5

root
\ImRERE ARRERD

B &

th
VEEREWSE  nRERRES nER )
28

1w H

EREE,

nsubj
amod

VERB NOUN VERB

VEREEER  nTREEES BRI =

root
root dvmod-
root obl:tmod

dh - root
nsubH obl obl aux
K o bj o bj fixed amo
VERB VERB) (Scony PART VERB NOUN VERB NOUN NOUN NOUN VERB ADP NOUN) (ccond) (NOuN VERB
VERRERR  ERRRER % NRERFEL BRETER A o JFRAER: SFRAER: ok

] =z B OB B
R
N f P 8 F

® = F = A O #

root

H
0
A
R
i

conj obl:tmod- -advmod
adimod ob— bj advmod
THEESE  NBOREF  JEREEE  ngmar nERAER TERLEN BATASE ABSENR BAGAEE
~ A I
O S & B & B B
root
root -advmod:
advl !
Objw (advmo (advmo |scourse‘sp; l ﬂaz:ww {—nsubj I
VERB VERB VERB VERB
k BETATE b BETARS B WIRTTRE  RRPERE

% B % H© Om % # O #

root

ibj
nsubj ]
ase ase advel— | dscourses
NOUN) (scon) (PaRT) (verB) (VERB
TERIE CERERER oSRERFR: (DRFEGT GEFRSD R

A )

GuwenCOMBO % BT 212572 ), bAbNAHERITPID THT T il
T+ /\sll& s (AR % B4 <) Universal Dependencies 7 — % 52018 3£ 250905 &% . 1% b 321
DT —2 & LT, £7, BERTETIVIC

ethanyt/guwenbert-base

@O ethanyt/guwenbert-large
DuFnprEfvigat, Hezvelaes, HEETE2X951cLi, 2L, ®O
& 1= 1 5GE ) offifl e 7V DT, UD-Kanbun DEREEMNTE 2 2 — )LICfEi{b

2%Ihttps://corpus.kanji.zinbun.kyoto-u.ac.jp/gitlab/Kanbun/ud-kanbun



FANDOEHGIHCT 2 AA A, BERT € F VDAL THLTEREZE Z ko kL, HO
TIRL T3, JIf# @R D 20T FOVREEE) ICFE L 72 KfE1E. 100epochs « 1GPU (NVIDIA
GeForce RTX 2080) T, &E TNV I~2RRIBEEE o7z, BB, MELLBIRITIET IV
Tlx, UPOS & FEATS OfEiit bHIRFICE 272> T\ 5,

ZDEHITLTHIEL % GuwenCOMBO 0.9.6 %, UD-Kanbun 2.7.4 ¥ X OX Stanza 1.2 128
(zh E7)V) L HICFHI L 72, Ho@7 2 b TEEE 54000, (FRESCT) & [RIgEse] 12y
NTEH, Z2NZHNLIEHEZ 8 Z o7z, FHflifEEEIE, LAS (Labeled Attachment Score)
/ MLAS (Morphology-aware Labeled Attachment Score) / BLEX (Bi-LEXical dependency
score) D 3 DDIFEPITH 5, £ 1IHERZRT,

7 1: GuwenCOMBO % & 4 [ CE¥fli (LAS / MLAS / BLEX)

| | (mExn | (FEcn] |
71.56/68.09 / 68.09 | 83.33/78.18/81.82
GuwenCOMBO (@ || 77.98/74.87/74.87 | 83.33/76.36 / 80.00
% | 60.55/57.59/56.54 | 83.33/76.36/80.00

UD-Kanbun 72.48/66.67/68.78 | 78.79/73.39/77.06
Stanza 57.41/49.47/54.74 | 65.15/56.36 / 60.00

[MECI) o » Ty [MECI)] 128\ TH, BERT 2 V> 7 GuwenCOMBO D5
EAsEN Y, R [FESCI] DR (BREE TEREZSCE A%y 12X %) Tld. BERT # L ICHR
R, OOFERB T EWF\EIN TS, Z1UE, GuwenBERT 28 17 {ETF DX 5 1ES
NTEH, Z2ohic, ZOFBEENRTVS (bbb AA [MEX) TEET) bEaEh
TWB)5 TRV, £V OBEZOHEHITH %,

GuwenCOMBO D 1% D 3Z |} fidhrkkfE # . UD-Kundoku 1.7.4 B0 HEhFIIFirRE & B
L. [ME1] & [(RE ] o HEEIRGCHREk L TA e, T XFE=1H5E, tAakLT
BLEU P X O RIBES B2 Cifi L 72 f5R%2 ., #2187, &, BLEU (X, NLTK 3.5
3319 method3 T A L — ¥ 7 (NIST geometric sequence smoothing) % ¥ Z 72> T\ 5,

ik & LT, GuwenCOMBO DO I E Wiz~ L<E ., HEEIFICE W
T3H BERT EFNVDOMENEO NS, 7271, [BEXI] @ BLEU B> Tz, &

LI L 208 THEHFy 13 T THE) IS8 Hd 293, THzfe (3483 Tz, Ty L33,

(281Peng Qi, Yuhao Zhang, Yuhui Zhang, Jason Bolton, Christopher D. Manning: Stanza: A Python Natural
Language Processing Toolkit for Many Human Languages, The 58th Annual Meeting of the Association for
Computational Linguistics: Proceedings of the System Demonstration (July 2020), pp.101-108.

2)Daniel Zeman, Jan Haji¢, Martin Popel, Martin Potthast, Milan Straka, Filip Ginter, Joakim Nivre, and Slav
Petrov: CoNLL 2018 Shared Task: Multilingual Parsing from Raw Text to Universal Dependencies, Proceedings
of the CoNLL 2018 Shared Task (October 2018), pp.1-21.

[SOVZE Rt —: WL DUAFSCEMNTIC S &0 C ABRIFES 2 7 &, HABET A2 3 IR PR (2020
F 11 H), pp.60-73.

[B1Kishore Papineni, Salim Roukos, Todd Ward, and Wei-Jing Zhu: BLEU: a Method for Automatic Evalu-
ation of Machine Translation, Proceedings of the 40th Annual Meeting of the Association for Computational
Linguistics (July 2002), pp.311-318.

B2SP-FE 53, ik 75 165, ZH)i (=, Duh Kevin, SKHITT, K HEW: FEMHOMHB I 5D < BEMEIER O F 3R 2%,
RS RELPE, 25 21 %%, 25 3 5 (2014 4 6 H), pp.421-444.

B3https://www.nltk.org/api/nltk.translate.html



3£ 2: 5 4 R4 2 AEGIEED FF-li (BLEU / RIBES)

| | mEx | (M) |
0.353714 /0.830090 | 0.403931 /0.901300
GuwenCOMBO @ | 0.348924 /0.846239 | 0.442873 / 0.909021
i |1 0.348709/0.807612 | 0.427628 / 0.905584

| UD-Kundoku [ 0.367928/0.839227 | 0.406699 / 0.898083

L 1£2> ) UD-Kundoku 25V, Z 2C, [ 1] o&aicitd 2 AEEIG0Rs R % .
GuwenCOMBO®D & UD-Kundoku THHEL L THA B Z LI L7z, I WCHERZRT, £
5. GuwenCOMBO® & UD-Kundoku & T, ZNZFNIETFAETRH L5 L L. -
& 203 THIRMAIEEES ) 13 UD-Kundoku D533, TRER AL 13 GuwenCOMBO®D)
DB, ZN6D Nk I8N 2829703 ) ALZHFKLIWE AL
D, Bl Z9)TH S,
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PENG/E B/ E X D -Benchmarks

UniDic-COMBO ##{EJ 212H7- 1), bitbiti, Transformers D HAZE BERT €7
NWBNZ LT 2%k 72HIF L. UTD6 2D BERT EF V2Vt %E, 2072
NP HIRE LTl d 5 Z &ic L7z,

W cl-tohoku/bert-base-japanese-whole-word-masking
© cl-tohoku/bert-base-japanese-char

) bandainamco-mirai/distilbert-base-japanese

() Cinnamon/electra-small-japanese-generator

@A ALINEAR/albert-japanese-v2

@ microsoft/unihanlm-base

R0 ZFDHEANT—4 & L TlE, Universal Dependencies 2.7 331 UD_Japanese-GSD 39! -
UD_Japanese-Modern B/HZHIZ . HDILHONDERPI L 72 TRE, HETL7—5® % H
Wiz, 72720, R LEEE (LEMMA) I UniDic ¥l s 25 K9l L, 2Lt deoT
T = PRI L 72720, WA&IICiZ 7177 X 146444 55 & Tote, 61T, JlFo7
A= Atz 5 2 L TR LEE (LEMMA) 22 ) ZIHZB W BT 7L &,
LD ¥ FRE (FORM) Z 1% D 52111 mwﬂﬁﬁ'ﬁ%%w%\ M7 EHIER L7z, D
¥, BERTELDEFILLED, 2T I4EOE TV EZMEL 72, JIFE (R b 21
T FOVRESE) 12 L 72 §[1Z. 100epochs + 1GPU (NVIDIA GeForce RTX 2080) T, %€
TG 57z, Bk, MEEL BRI RITETILTIE, UPOS DT ARG ICE
ThoTw3H, FEATS Il L Tz,

ZDXHITLTHEEEL 72 14 i€ 5L %, UniDic2UD 2.7.4 « spaCy-SynCha 0.8.1
[401 « spaCy-ChaPAS 0.7.0 W1 & iz | PHRAE U2V 5 GEER - TSR], UEES - Ty & b 444
W CRME L 72, ZedB. TEREEMNTICIZ, JEROCGEE UniDic ™ - [Hik 4 158 UniDic 491 -
MRS UniDic W2 HWTWwW2, £4-5-6 ICKREZRT, R4lcBwx, RHLGE
BB OWS, HEEINZEEZRL T\wd, £5I2BWLTIE, REBELOWLS, s

B4https://huggingface.co/models?filter=ja

B5http://hdl.handle.net/11234/1-3424

[36%53“% P, LN EER, AR, FRJFIESE: UD Japanese GSD D F44i & [l £BUEH AT 5., S50

2 26 MHEXRR 2782w (2020 4F 3 H), pp.133-136.

[37]Ma1 Omura, Yuta Takahashi, Masayuki Asahara: Universal Dependency for Modern Japanese, Proceedings
of the 7th Conference of Japanese Association for Digital Humanities (September 2017), pp.34-36.

(38142 ] 2 —: 1 H % Universal Dependencies -T2 — S A & ZDAEE AR LAV E2 =Y VY
7L TCADA A 2019 X (2019 4F 12 H), pp.43-50.

B9https://corpus.kanji.zinbun.kyoto-u.ac.jp/gitlab/Kanbun/ud-ja-kanbun

Uhttps://github.com/KoichiYasuoka/spaCy-SynCha

https://github. com/KoichiYasuoka/spaCy-ChaPAS

(NEB AL AR ER: S0, IR Z K, 55 6 48, 5 69 % (1890 4E 1 H) %, pp.45-61.

W3Rk : B, HOnt: Aot (1937 4 6 ).

4 = B e R B & 0, B, 26 21 4, 55 10 9% (1966 4E 10 A), pp.6-17.

WU SR, ANHTSF, AR R HAGEZ R 2 AR & L 7 TRERMNT, HIRS RELPE, Vol.20, No.5
(2013 4 10 H), pp.727-748.

HOLNREEME: IFRAE VO HEE 2 MR & L BRBRENTEE, ARt arvea—% TCADAZ
A0 2012, F#iSCHE (2012 4E 11 H), pp.25-32.

BTN RS, TR ARES, MREPRIEE: Mt L3RR TR DA, & 4 B2 — R A HARGEY Y — 2
> avy 7 PR (2013 4E 9 H), pp.145-150.



PRBENRNEWH DD, ZLTH UniDIic2QUD ICEITTW A, K6 lITBWTIX, REEE.
DOWHSMLAS / BLEX 23E < . W LEEEFDODS LAS 23E L,
NS DFERZEIZ L. UniDic-COMBO @ BERT € 7L &

W cl-t ohoku/bert-base-japanese-whole-word-masking

ZERMI L7, £7. FUH UEBIPEESE E R Cld. E5 503G HARE Lsho

-2, TOETFL R

Fons kIHic

L7,

# 4: % BERT €7 )V % UHEgiy B UHERCEFf (LAS / MLAS / BLEX)

| |

JEACSCHE UniDic | IH{ 44 H i UniDic |

SRS UniDic |

W || 84.91/77.78/85.19 | 83.02/77.78 /85.19 | 75.93/67.86/71.43

© || 81.13/70.37/77.78 | 79.25/70.37/77.78 | 74.07 / 64.29 / 67.86

D || 83.02/74.07/81.48 | 81.13/74.07/81.48 | 74.07 / 67.86 / 67.86

R LEEEES ® | 81.13/71.70/83.02 | 79.25/71.70/83.02 | 72.22/69.09 / 69.09

@ || 83.02/70.37/77.78 | 83.02/74.07 /81.48 | 72.22/60.71 / 64.29

© || 75.47/65.45/72.73 | 73.58/65.45/72.73 | 64.81/56.14/56.14

fi || 79.25/62.96 /74.07 | 75.47/62.96/70.37 | 70.37/57.14 / 60.71

W || 81.13/62.96/77.78 | 79.25/62.96/77.78 | 72.22/53.57 / 64.29

© || 79.25/62.96/74.07 | 79.25/62.96/74.07 | 68.52/53.57/57.14

D || 81.13/66.67/77.78 | 79.25/66.67 / 77.78 | 72.22/60.71 / 64.29

FEWESLE ©® || 81.13/62.96/77.78 | 79.25/62.96/77.78 | 74.07 /57.14 / 67.86

@ || 77.36/62.96 /70.37 | 75.47/62.96/70.37 | 70.37 /60.71 / 60.71

© || 77.36/69.09 / 76.36 | 75.47 1 69.09 / 76.36 | 68.52/59.65 / 63.16

fit || 79.25/62.96 /74.07 | 75.47/62.96/70.37 | 70.37/57.14/60.71

UniDic2UD 81.13/70.37/77.78 | 79.25/70.37/77.78 | 72.22/60.71 / 64.29

spaCy-SynCha 83.02/66.67/70.37 | 81.13/66.67 /70.37 | 72.22/57.14/57.14

spaCy-ChaPAS 79.25/59.26/62.96 | 77.36/59.26 / 62.96 | 70.37 / 53.57 / 53.57

e B b e e e S e
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# 5: % BERT €7V % THEE) TG (LAS / MLAS / BLEX)

| EfRCH UniDic | IH{R#4 1134 UniDic | AEHEETEE UniDic |

83.19/78.43/74.51

87.50/82.35/78.43

78.57/73.08 /69.23

83.19/78.43/74.51

87.50/82.35/78.43

78.57/73.08 /69.23

81.42/74.51/70.59

85.71/78.43/74.51

83.93/74.51/70.59

R LEBBEL

76.11/66.67/ 66.67

80.36/70.59 /70.59

78.57162.75/66.67

74.34 / 68.00 / 64.00

78.57/72.00 / 68.00

69.64 / 66.67 / 58.82

81.42/74.51/70.59

85.71/78.43/74.51

76.79 / 68.00 / 64.00

81.42/74.51/70.59

85.71/78.43/74.51
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%< 7: UniDic-COMBO % 25 1 [Tl (LAS / MLAS / BLEX)

| B & 5 UniDic | BUREE L 57 UniDic |

UniDic-COMBO

78.07/61.57 / 68.09

77.95/61.41/67.93

S L 75.89/57.43/63.18 | 75.78156.96/ 62.83
UniDic.COMBO ¥ || 79.73/63.94/70.23 | 79.56/63.66 / 69.95
FRA 75.56/56.96/62.36 | 75.49/56.84/62.13
UniDic2UD 79.30/62.67/67.02 | 79.23/62.63 / 66.86

spaCy-SynCha

63.90/39.46 / 45.94

63.79/39.18 /45.53

spaCy-ChaPAS

60.26 / 40.14 / 45.38

60.15/39.91/45.03

67.05/44.19/38.58
72.19/48.51/45.30

GiNZA
Stanza

UniDic-COMBO 125 W T, BERT EF L2 O HKEENE L HoTwab, FTYH,
FKIEES 2D BERT € 7VH5, e bIEEE ., HAFEOHARIZE TIx, BERT
TP+ IR E2RETLE VW) LA,

USHRRES, NS EE, AV F R, LR, =IEMH, WItiEE, /MR a — R AHARGE 2D dDERE
HR: TR E LS OB & 2 DI, HAGERE, ﬁ% 22 %5 (2007 4 10 H), pp.101-123.

VOV R S8 JEEMTAA D 7 O DB ALEERE, 2 — SR L, 35t SHAEE (2019 4 3 H), pp.1-28.

BOFAFHEL: GiINZA - Universal Dependencies (2 & % FZFH ) HAGEMENT, H A SRR, Vol 27, No.3 (2020 4E
9 1), pp.695-701.
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