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DEPREL: UD THLE I N7 i@ 512 0 %1 ¥ 7 (R 4), HEAD 2% 0 D& 13
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9. DEPS: HE DR ZF iz Fio¥6. 4T HEAD:DEPREL X 7,
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MISC: ZDfthd 7 /57— 3 v,

3% 3: UD M4 ¥ 7 (UPOS)

Open class words | Closed class words Other
ADJ w43 ADP fli&z PUNCT s
ADV giF AUX sz SYM &%
INTJ iz CCONJ WsigsaA | X zofl
NOUN #5 DET R
PROPN 443 NUM %
VERB # PART 25

PRON 4

SCONJ #tEhei

7 4: UD % b 3%\} ¥ 7" (DEPREL)

Nominals Clauses Modifier Function
Words Words
nsubj 354 csubj i35
Core obj Hyzk ccomp i H i35
arguments s . -
iobj [z H s xcomp fiitiaE
obl #HstdzE .
Non-core vocative I Lo | advmod s | ook DR
dependents expl st advel e discourse sz | OOP R
dislocated 4} &7 mark #
Nominal nmod 3 1z & % i det pueit
dependents | @PPOS [fk acl#ifegitii | amod S Ic & 2 difkfstizg | CIf Bl
nummod itz X 2 &6 case ##n
Coordination MWE Loose Special Other
. fixed [ , orphan #l7% L punct s
conj Bzt list e ith 3 2 B
oC fp flat 351 parataxis b5, goeswith ;& im N root # .
compound ## reparandum SwiEL dep FiE#




# text = ABEHIHTZH
1 N A NOUN o, %, AN 3 nsubj _ SpaceAfter=No
2 B B ADV v, BIE, B, 251k 3 advmod _ SpaceAfter=No
3 Al il VERB v, HlE, 174, Biff 0 root SpaceAfter=No
4 H H PRON  n,fRUA&G, AR, % 5 det _  SpaceAfter=No
5 T T NOUN  n,%a, A Bt 7 mmod  _  SpaceAfter=No
6 Z Z SCONJ  p,lrda, #4e, B i 5 case _  SpaceAfter=No
7 ) ) NOUN n, %, M5, B 3 obj _ SpaceAfter=No
# text = NIHOTOEL Z2H5 K
1 N A NOUN 4 - 5@ 4 e -—Ak 8 nsubj _ SpaceAfter=No
2 =S =S ADP Wl -2 B g 1 case _  SpaceAfter=No
3 HD HOD DET TR 4 det _  SpaceAfter=No
4 ¥ ¥ NOUN - id 4 g -—fR 6 nsubj _  SpaceAfter=No
5 D D ADP Byl - By Gl 4  case _  SpaceAfter=No
6 wBLE ELw AD] TEAs g - 8 ccomp _ SpaceAfter=No
7 % % ADP Wyl - B 5l 6 case _  SpaceAfter=No
8 A5 A5 VERB  Hfjad-—f% 0 root _  SpaceAfter=No
9 AR A9 AUX Bhdhgs 8 aux _  SpaceAfter=No
# text = A man doesn’t know the evil of his son
1 A a DET DT 2 det _ _
2 man man NOUN NN 5 nsubj - _
3-4 doesn’t _ _ _ _ - -
3 does do AUX VBZ 5 aux _  SpaceAfter=No
4 n’t not PART RB 5 advmod _
5 know know VERB VB 0 root _
6 the the DET DT 7 det _ -
7 evil evil NOUN NN 5 obj _ -
8 of of ADP IN 10 case _ _
9 his he PRON PRP$ 10 det _ _
10 somn son NOUN NN 7  nmod SpaceAfter=No
root
obj
nsubj nmod
advmod+ {—detj [—casew |
(verB) (PRON) (NOUN) (scoNJ) (NOUN)
n&@ELAA v,EUEi?.'E_"E_,%’SJL v, BT A B 1E nART,ATFEE n, &5, A B8R [ EEET N LEFCEEERT)
A % %D E % Z JN
root
nsubj
nsubj ccomp
ase det ase case aux
NOUN [%ﬂ [Eg NOUN [%?] VERB
#E-ERE-— BhEE-fRENEE SERE #E-ERE-— BhER-1RBNER FRE-— BhEA-18BHER iﬁﬂr*ﬁi EEE]
A F Hoo = o ELE 7= HH5 W
root
nsubj nmod
aux obj case
etj l advmod— | detj l l rdet— l
DET (noun)  (Aaux)  (PART) (VERB) DET (noun)  (aDP)  (PRON)  (NOUN)
DT NN VBZ RB VB DT NN IN PRP$ NN
A man does n’t know the evil of his son
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TV, R2IRT 10D Y 7XEID 7 4 —) F TR E 1 ¥ 9, ID - FORM - LEMMA
X, HEEZ DL DIZBT % 7 4 —)L FTT, UPOS * XPOS - FEATS 1%, HEED i & 2
ReEEMEICEY9 % 7 4« —)L FT9, HEAD - DEPREL * DEPS (%, HEED{R D Z1FIcBI§
57 4 =)L KTTY,

UD 28T 2% D ZIFBRIE, HEER DM 7 5 7 %2 HEAD & DEPREL Cidib L ¥ 7,
HEAD (%, ZDHFEICASHREDY 7 ILID 2/~ L TWw T, DEPREL X, Z D[
KB 2180503 % 73, 7272L, HEAD 30 D&, ZDORICAZ Y v 7t
FELEYA, VY7 ORBITHEDEEICFELL, &£V v 7D v r74E, & THWIC
WizoTwET, T4bb, FHEPOHZ Y v 7 I3EBOTREMEDH D 345, K£H
FEICAB ) 21D RDTY, BB, Yy Z7R3LV—7LEHA,

UD DR D ZF Y ¥ 7%, Mempuyk IESGEDEEICH 72D, bW 285G FULFEET
T, BEE Y v rone LT, EEPHWEEANEY V7 LT, BHiERICE T, 8
EfigED SBMiFE~NE Y v 7 LT, 7272 L, flE @ISk 2 03 OBz
728 AT RN Mempuyk & 1FFR>T0WE T, T/, a2 7 32EWTEHEH
DEZRZHRS T, MiFEEZY Y270k LT, FEPEHALY V7L ET,

UD O 5 RBMWTE 2 8 ¢ EZER G & U<, IR ERE (330 TASAE 28, L HARE
X TANZHOTOHL Z 2516 %\ 953 TA man doesn’t know the evil of his son; D
CoNLL-U %, X1 THIELTAEL X9, T0N5DCoNLL-U IZ, %5iEUD ZHHIC
FEETHE WD DT, FEATS - DEPS i L Tw ¥ A, AIFLICIE deplacy % FHW»
TWET, HEHECTEHIZEZ>TWSHDD, nsubj (FiE) & nmod(RE I X % #Eifk
EHfizE). obj (HINEE) & ccomp(fli HINEE) DV v 723, ZNFIUTHIGL TWw53 &S 4
7,

¥, a2 7T 2 UD DRI E LT, X "I10 pyuka; &1L TC’estun stylo
EHARFEL T2 Ry T9 ) DCoNLL-U%, K2 THIELTAZL &9, BIAHDWL
FTHUTEWTY, flliED S FiEnsubj EBN T T, ZNZNUTHIGELTWE EE
ZFET, 7B, AAHIZEWTIX, BfEdcop TEINTVET,

1.2 A7 SCEMER & Universal Dependencies

UD DR D Z i IE. Mensayk DE M 77 7 5t %2 GRS & Leddo b, SEERH
TlZ Reed-Kellogg D SGEREEI 2D ANTWET, ZDHKDIZo0T, fEHISHEN
LTEBEEL LI,

Reed-Kellogg SCEMHIGRIE,  Fafi | ek | HIVGEE &9 itz A, 380e
HAL L £, FC (main sentence) % KT, Z 1LLAA D (clause) % Ml CHTAL L 72
Rz, EHiEE R RHICERY TR L £7, 7 & 21F%E3C "Those who labour with their minds

[IOI[SO/IEC 10646-1:1993/Amd.2:1996 Information Technology — Universal Multiple-Octet Coded Character
Set (UCS) — Part 1: Architecture and Basic Multilingual Plane, Amendment 2: UCS Transformation Format 8
(UTF-8), International Organization for Standardization, Geneve (October 15, 1996).

('Joakim Nivre: Towards a Universal Grammar for Natural Language Processing, CICLing 2015: 16th Inter-
national Conference on Intelligent Text Processing and Computational Linguistics (April 2015), pp.3-16.

(121 Alonzo Reed and Brainerd Kellogg: Higher Lessons in English: A Work on English Grammar and Compo-
sition, New York: Clark & Maynard (1877).
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# text = D70 pyuka

1 3710 37O PRON _ _ 2
2 pyuka pyuvka NOUN _ _ 0
# text = C’est un stylo

1 c’ ce PRON _ _ 4
2 est étre AUX _ _ 4
3 un un DET _ _ 4
4 stylo stylo NOUN _ _ 0
# text = IRV TT

1 h g8 PRON A5 _ 3
2 Fs £ ADP B -fRIhE _ 1
3 Ry _v NOUN i -¥@fag-—M _ o
4 <7 T7 AUX  BhEEE _ 3

nsubj
root

nsubj
cop
det
root

nsubj
case
root
cop

SpaceAfter=No

SpaceAfter=No

SpaceAfter=No

SpaceAfter=No
SpaceAfter=No
SpaceAfter=No
SpaceAfter=No

root
nsubj

JTO pyuka

root

nsubj
cop
det—

|PRON' AUX DET ﬁmDUN
C’ est un stylo

root

nsubj
case cop
PRON (ADP) NOUN iAUX'

=3 BhEE-FRENE BB BhEDER

n & N2 TY

2: 2 E 27D CoNLL-U & deplacy IZ & % AJ#H{L
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\,
\,
\

who |
[
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rule others | 12X L TlE, "Those rule others; & \>9 FX D MThose; %. "who labour; &
V) HioMER L T T, 2@ Maboury % "with minds; 2MEffi L. "minds; % Ttheir
DMERiL Cwa 2 Es, M3DXHI2k D £9, Reed-Kellogg XIEMHERIE, HEFEIC
FLL TREISNTWw 2D T, 49 L UL FEEICITENTE A,

Tesniere (. A 7 7HEaDWMIEZ L T, OB IR SR EFHIEN 2 S BRI 7250
WFEZFRELE L, SUTHN 2B A CICERERBRICH 5. v Db, KEEGE
DIEARIN 7% Z5TT, i L BOMOKERRICE W TIE, LAIH (régissant) 25 FH7IH
(subordonné) Z >CHE L, FAZEHAS EAIHICHKAA L £9°, 72 & 2 1E9%X TThose who labour
with their minds rule others; T&#LIX, rule %3 Those & others % X f L. Those & others
Drule IR L T, 7L, BHPEZZbNT035AIX. 25 DFEDMEITIFMK
FRIRIZEES , WET A TERIL £9, 72 & 2 1FX 4 A TlE, 45 minds 23 with 12 & -
T E i GERMEMEEICHZM) SN TE D, H %2385 labour 2% who 12 & > T AHEH
CGEAERFEICHH) SNTwE T,

Tesniere DK EIE, ITB T 2BDIEF D 6 T, FEOKERRZERT 5D
T, L ZXHIPEREICOICHAEETT, bt MBLEHRAL THIUuX, T 23

WHREEL, T8 28 T Ik > T O (RS IciEH) S0 TRy ITiREL £ 7,
INEXK44GD & ) IZXRT X, "Those who labour with their minds rule others; & D
T, Bz b s 5D TT,

rule

Those others

A
who 1ab|our
E
with mir|1ds

their

—%
i
=
pe

(]

4: Tesniere 7 GEIX

Tesniere DA XL IZ, Z D%, Robinson!'35> Hudson!'* 5 12 X | Chomsky fi&E>C
EISIE DEEDSERA S I E LTz, —FiMenbuyk 1E. sEDEAFBRDO AN 7 Z 75tz X -
TSRO E B 27 \>, Chomsky FIEESGE ERFI L £ L 72,

Menbuyk DAL, XHDFEX & Y ITH L, IKERIR X>Y Ik > T Zidd L %
T, X=>Y k. XIBYZLET S, HB0IE, YIZXIKEFET 2, AT T, FRANC
i\mf%%uﬁiéﬁwtyﬁbﬁﬁﬁmi?o%Q#%ﬁ?% XEZ12THY,
ERIRIIV—T7 L XA, KFEBRIZ, H < £ THELEDORIDRIL T, Zndi7: & 2 i
«Mm@%@@Mw@K%%%@T%OT%\%D@OTEkE@%%kLTEﬁLi?
Zo TEIDGID ) OfERE LT, Mempuyk DIRIFSCHIE, BRI 22 ORGSR &

[131Jane J. Robinson: Dependency Structures and Transformational Rules, Language, Vol.46, No.2 (June 1970),
pp.259-285.

[14Richard Hudson: Word Grammar, New York: Basil Blackwell (1984).

[151Noam Chomsky: Aspects of the Theory of Syntax, Cambridge: MIT Press (1965).
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RULE ccrpres

subjectival direct-objectival

THAT OTHER
modificative
LABOUR HH 5 i
subje:y w‘rbia subjeV w‘t-objectival subje’(y w‘!-objectival
WHO... ~ WITH HHZ N+% £ IN

prepositional modificative modificativel

MIND 9D 5
determinative direct-objectival direcl-objeclivall

THEY .. D2 iDL

5: Menpuyk DA IEIC & 5 SCEM @R

%o T\ ET, 53 "Those who labour with their minds rule others; & . HAGES L%
FTHHEIEFIANEZIRD S & WHERE S0 TELEIBAL 1SR L T, Menpuyk DHKFE
R & B GEERLR 2 . KSR L ET, L. ¥ 7D b subjectival & direct-
objectival 1Z, #7121 predicative & 1st completive 235\ 511 TE D, Mensuyx H &
b, F T OMUTEENE 2 D DI S I LT F AN

UD D& D Z I IE, Mempuyk DIKEESGRICBIT 25 7%, 4 0 37 BHEICIRE T
LHLNZGEAA, E LTIRA S 2 ETE LT, X5 T subjectival + direct-objectival -
modificative - determinative 2%, [X] 6 TlZ nsubj - obj - acl - det ick>7%, L& 25
EHTEET, 7272, UD DHITEIZH 72 % Stanford Typed Dependencies!! 125, #I1HHIC 1%
Bresnan s bR SGEI 6 27— F LTE D, ZORITIKEGENES 7 P L2 D
5. L OPREEELEDHIVAATL E>TwET, Z2D—27%, i (clause) T,

fili & VIR E . Menpuyk (FEAEEED GMIER L 72D TT 2, 20z UDIFFREAL T
LEwx Lz, £4Dnsubj & csubjid, WIFN TEAETUDRIZIT Y /7 THD.,
Vv 7 Rhiize 5 csubj 2. X b7 1E nsubj 2\ F 3, obj & ccomp IZD\WT b [H
Kk, advmod & advcl IZoWCH ML, amod & acl IZDW T H AT, case & mark
DWW, Vv 7 ehffize s mark 2. b 7% L X case v 19

PEEIC BT A E WIMRIE, ~EDa vy FABESNTVEEEIONET, L
DL, ﬂﬂ@?éﬁ BT, flitwIiliRid, 8T LLEWATIES Y A, UD XS
Wil ClEdH 2D DD, b)iﬂ)%‘ﬁgbfﬁé EWVI)RIFEMRLTEBIRETL X I,

[16]Alain Polguére, Igor A. Mel’¢uk: Dependency in Linguistic Description, Amsterdam: John Benjamins
(2009).

(17IMarie-Catherine de Marneffe and Christopher D. Manning: The Stanford Typed Dependencies Represen-
tation, Coling 2008: Proceedings of the Workshop on Cross-Framework and Cross-Domain Parser Evaluation
(August 2008), pp.1-8.

[18]Joan Bresnan: Lexical-Functional Syntax, Malden: Blackwell (2001).

19'Marie-Catherine de Marneffe, Timothy Dozat, Natalia Silveira, Katri Haverinen, Filip Ginter, Joakim Nivre,
Christopher D. Manning: Universal Stanford Dependencies: A Cross-Linguistic Typology, Proceedings of the
9th International Conference on Language Resources and Evaluation (May 2014), pp.4585-4592.
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# text = Those who labour with their minds rule others
1 Those that PRON DT _ 7 nsubj _ _
2 who who PRON WP _ 3 nsubj _ _
3 labour 1labour VERB VBP _ 1 acl - _
4 with with ADP IN _ 6 case _ _
5 their they PRON PRP$ _ 6 det _
6 minds mind NOUN NNS$ _ 3 obl _ _
7 rule rule VERB VBP _ 0 root -
8 others other NOUN NNS _ 7 obj _  SpaceAfter=No
# text = LZHTHHEIEIAZIED S
1 D TN NOUN 43— 38 44 3] - o 22 W] g 3  obj _  SpaceAfter=No
2 % %z ADP  BhiA-&BhEE _ 1 case _ SpaceAfter=No
3 %9% 995 VERB Hja-— _ 4 acl _  SpaceAfter=No
4 K # NOUN 4] e 4 el - — % _ 8 nsubj _ SpaceAfter=No
5 & [ ADP  BigA-{R B _ 4 case _ SpaceAfter=No
6 A A NOUN 4] -4 e 4 gl - — i _ 8 obj _  SpaceAfter=No
7T % z ADP  BhiA-t&BhEE _ 6 case _ SpaceAfter=No
8 JA®S D VERB HjE-—k _ 0 root _ SpaceAfter=No
# text = ZHLFIAAN
1 % 5 VERB v, Hj&, #i5, 5i _ 3 acl _  SpaceAfter=No
2 D i NOUN n, %4, AN ATGE, Br ik _ 1 obj _  SpaceAfter=No
3 & & PART p, Bl #&, * _ 4 nsubj _ SpaceAfter=No
4 A A VERB v, @i, 174, B _ 0 root _ SpaceAfter=No
5 A A NOUN n, %, A, A _ 4 obj _  SpaceAfter=No
root
nsubj
obl
‘—nsubjj l l rdet— [—Ob]‘w

(ProN) (PRON) (vErB) (abp) (ProN) (Noun)  (VERB) (NOUN)
DT WP VBP IN PRP$ NNS

VBP NNS

Those who labour with their minds rule others

root

nsubj

obj

obj
l R’ ’ v l R’ l [

(noun)  (app)  (vers) (Noun)  (aDP)  (Noun]) - (app)  (VERB)

BE-EREE- Y EA R Bhaa-18B8hEA BE-—& R LR EE BhER-FREhER ZF-ERBE-—& BhiF-188hEE BEE—f

o ' HIE & OIE A & b

root

Wy e ey
'!52%' (noun)  (PART) (vERB) (NOUN)

WESERO NS .BhEAL IR, VBT B IE nEEAA
~

n & A A

6: UD & CoNLL-U IZ & 212 b 5217 i &0
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1.3 BERT/RoBERTa &5/l & Bl 7 — L

Google Al Language 23567 L 72 BERT (&, KED XEZ I I ¢ 2FEICED
£ 9 BFEEN RO R VISR L - FHIEEE TV TY, Pl 2 gL T
2D T, SCEPICEHNZ L EXDEND, S5 0id, ChIcHNS =7 v (S
HLCIHEEL DTSN L b= v OENRD % FIRNICHEETE S X9 TN
OIAENTVWET,

=2 b= DENRY) BFXETLDICHCONEDH, KD —LTT,
"This [MASK] a pen.; @ [MASK](Z® L, Thisisapen.; &WIE%EMH2 kI %D
=5 (X7 %ZEZTHEL X9, bert-base-cased?N iz B\ TlE, Kb —7 D AHTIIZ
X5 a—F (UTF-8) TE Z b £ 925, WERIVIZIE 768 RILD N7 )V (FUEHDF) T
LHINET, AlIcBTE, EANF=7 VICHETE2X7 V22D F FHW
TEH, BB LTIE, FHEO =27 JISEWRIRYZ P Uitk k)l z2E 2
2\ ¥ 9, [This [MASK] apen.; OFITE 21X, "Thisy Tay Tpeny M.y IZFASTIRZ PV
ZIZIFFEEL Lo, Tisy IGEWHARZ PABBReNS LI, NHOGEEZETFZ VT
2HIITT, ZOLIRIMODTr —L 2 REDODXICHLTEIR)ZET, P—T L
F—=7 v DN ZAEPATE L L) DD, BERT D LRKD—DRBICT,

This [MASK] a pen

[

bert-base-cased

T T ]

This is a pen
7: bert-base-cased |2 E T 2 73H D 7 — A

Google Colaboratory [-® Transformers!**1 % {fi> T, bert-base-cased 7393 % £D {5 >
FHTETLD0, IlLTAZE L &9 (K8), "This [MASK]apen.; %7\ I TH
5E. Twas) 23482%., Tis) D3402% L 72> TED, HHHINTWERY F L)Y Twas)
& Tisy o], 2% Twas) IV LD D £7,

2Yhttps://huggingface.co/bert-base-cased

RUZ 2w TRV, X, a3 A VEMEQ2OXRZ FLOREZ, RZbALD2—2Yy K- /LA
TH| 5 72) 23 11TEV, & W) ERTT,

(22lbert-base-cased DELTIE, /IO HD [MASK] I AT, X% T [CLS]. XDYJH% %3 [SEP],
KAGE#R T [UNK], ZE =27 v %K T [PAD] R EbHOONE T,

BIBERT Db ) — DD LRIE, LEXDEND 248§ 207 — LTS, AETREREEA,

(241 Thomas Wolf, Lysandre Debut, Victor Sanh, Julien Chaumond, Clement Delangue, Anthony Moi, Pierric
Cistac, Tim Rault, Rémi Louf, Morgan Funtowicz, Joe Davison, Sam Shleifer, Patrick von Platen, Clara Ma,
Yacine Jernite, Julien Plu, Canwen Xu, Teven Le Scao, Sylvain Gugger, Mariama Drame, Quentin Lhoest,
Alexander M. Rush: Transformers: State-of-the-Art Natural Language Processing, Proceedings of the 2020
Conference on Empirical Methods in Natural Language Processing (October 2020): System Demonstrations,
pp-38-45.
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!pip install transformers

from transformers import AutoTokenizer,AutoModelForMaskedLM,FillMaskPipeline
brt="bert-base-cased"

tkz=AutoTokenizer.from_pretrained(brt)
mdl=AutoModelForMaskedLM.from_pretrained(brt)

fmp=FillMaskPipeline (tokenizer=tkz,model=mdl)

prd=fmp("This [MASK] a pen.")

print("\n".join("{:8} {:.03f}".format (t["token_str"],t["score"]) for t in prd))

was 0.482
is 0.402
from 0.008
had 0.007
has 0.007

8: [This [MASK] apen.; (ZX§ 27 —L 7077 4 EAER

BERT # % SR T ABICRIE E 2 2 DX, EFT LD AHEIITE W) B2 IRE
LTWBHETYT, Sl oTE (K& ZIFHMPEFEICE LTI, XE W) B3
TLOLHETIEH D XA, HEVIESNSTD MHORPLE) L, UERP Ny F YL
ZONE% L H D £3, ZHUTH L RoBERTa ld, & W) 2 {kRETT, b—2 D
WXZHWT, KDY —LDARIF L L2 FEZE I h0ET, k), XEw
IHMICHDON S Z LR, REDXFEEZ AL TE LD TT,

roberta-classical-chinese-base-char®(%, HHIPEZEICBIIAHEFE L b —27 v LA L,
TR TONMO T — L (K 9) 28 L 7L TT, KT (F9 26000 7-) o AH
7713 UTF-8 TY 25, WEINICIZ 768 RITD X7 M)V THRILL £ 7., Google Colaboratory
=@ Transformers T "4 [MASK]FiGA) 28O T 2707708, ZOFE%2K 10
WWRLET, Ty 2819.9% %> TwT, TA) D3RIBICAT T 2D300 0D £7,

BERT/RoBERTa € 7V, MM Z % 2 &T, k4 & IGHAEETT,
MR P vz dgE®RE L ARSI, MG ET, RORIY TREERR

%  [MASK] # ] A

N R SR S

roberta-classical-chinese-base-char

oL

5 i H if N

9: roberta-classical-chinese-base-char [Z E 1} % 7\ b 7 — 4

2SIhttps://huggingface.co/KoichiYasuoka/roberta-classical-chinese-base-char
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!pip install transformers

from transformers import AutoTokenizer,AutoModelForMaskedLM,FillMaskPipeline
brt="KoichiYasuoka/roberta-classical-chinese-base-char"
tkz=AutoTokenizer.from_pretrained(brt)
mdl=AutoModelForMaskedLM.from_pretrained(brt)

fmp=FillMaskPipeline (tokenizer=tkz,model=mdl)

prd=fmp (" 45 [MASKI#IEA™)

print ("\n".join("{:8} {:.03f}".format (t["token_str"],t["score"]) for t in prd))

N 0.327
i 0.199
[EV 0.129
i 0.054
it 0.047

X 10: 25 [IMASK] ZiBAL RT3y —a7a 7 7 5 LR

WFIE. RO ZUIFBITICHZE T, UDICEBEWTIE, 245 XY v 7R D) 2RI,
BERT/RoBERTa E TNV ZIGHT 5 Z EXTEE T,

1.4 Universal Dependencies {23} 5% D 32 3 it

RO ZIENTIZ, UDICX 2SN D TXE, THOH, L DT 7 LI Y X LD
SVLTWET, TNODROZIFEFTT LY XL %, IREEEBRAI 7L Y XL L
fFHNRI7 L Y RIS T BEiL £9,

arc-swapPZREB I N ZREERAL 7 )L Y X Lk, HFEVIOMEHD & KRB I
C MHMR, (stack-buffer boundary) ZFE L TW{, L WIHIA A=Y TUHEE IR0 FE
T, THER) 2B 2429 E R, DToefHIcEMbInE g,

e Shift MHEM, #4411 HiES. BEIT 5,

e Reduce "HHIR) T CEDHGERZREL T, MTER~AET,
Left-Arc "HR), T CHOHEN S, T LEDHIEN) v 728,
Right-Arc "JEHR ) 0T CEDHFED S, T CHDHFEANY v 7 28,
Unshift TEMR, Z2721C 1 HiES, BEI{ 3,

e Swap "HEHR, O F CHDHFEL, T CLEDHGELZ ANV R 5,

HiED32 T Reduce I LT, THPE ) R Y v ERD IR T, REEBRE 7 )L o
Y RLIETTT, B EK ISR L £, ITRRICB LT, A% ) v 723k nH
RIS LT, JEE T root ZEID M TE T, LB, 6 DI % Unshift - Swap % 5524
LARWEAIR, VY 2IcKENH L UD 2RAEHA, £, BHEORBITE T,
Left-Arc D [E# 1213 Reduce % . Right-Arc D [EHIC 1% Shift & Reduce %, ZNZ F
EDTEBRIE 2 FEDEWRTT,

[26]Joakim Nivre: Non-Projective Dependency Parsing in Expected Linear Time, Proceedings of the Joint Con-
ference of the 47th Annual Meeting of the ACL and the 4th International Joint Conference on Natural Language
Processing of the AFNLP (August 2009), pp.351-359.
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AWho did you wait for ?

Shift

Who . did you wait for ?
Shift

Who did A you wait for ?
Shift

Who did you A wait for ?

Left-Arc vhnsubij

Who did you A wait for ?
Reduce

Who did A wait for ?
Left-Arc ﬁaux
Who did ) wait for ?

Reduce
Who A wait  for ?

Shift
Who wait A for ?

Swap
Who for A wait ?

Unshift

Who A for wait ?
Right-Arc hcas
Who A for wait ?
Shift ( casej
Who for A wait ?
Reduce

Who A wait  ?
Left-Arc ﬁobl .
Who A wait  ?

Reduce
A wait  ?

Shift
wait A ?
Right-Arc ﬁpunctj
wait A ?

Shift ﬁpunctw
wait ? A
Reduce

wait A
Reduce

root

obl
aux |
l rnsubj [—punct

Who did you wait for ?

11: JREEERR 7 )L 2 X LIk %5 "TWho did you wait for?; D& b 3213 fi#kT
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Biaffine!?!} ﬁ%éh%%%ﬁﬂm7w302bi UD kfefi& 2 A7 7 7 & Al
L. %@%Eﬁﬁu%i&)i@‘ 7z& Z1E, K114 T "Who did you wait for?; OH M7

- — Ccase -—

Z7CThIUL| . T T T L Ew) 6x6 DEEETIIZ KD T (K12),

obl aux nsubj root — punct

HARIZ I, Fﬁﬁ%ﬁﬂ@%ﬂ TEIWICHEEE 1 OEVOD, WNAKS EDroot 5 1 0%
HER, LWV DERERINICEZRVWET, 27, L =TBRELCLEIGEBHZD
T, WH Chu—Llu—Edmonds IR ffioTL—72RHE L T,

Who did you wait for ?

Y S B B

case

obl | aux |nsubj| root punct

12: BREEATHIRI 7 L 2 A L12 & % TWho did you wait for? ) D4R ) 32 1 fid#br

IREEEL AL 7 )L 21 X L%, BERT/RoBERTa E 7L % v 3 Z & CTHEEM EsifFT
E 2D TTH, ZNFFEERLLDEL WO TY, /5. BEETARIT LT Y XA
BERT/RoBERTa € 7V DMHWENRWEEZ 6N E T, 7272 L, BT 7 LY X
22 BERT/RoBERTa E 7 V2 w5 &, GHREEEEI (X €Y GPU) 2 KEICHIELE T
%2 D5, BERT/ROBERTa EF VA L 2 WEEL H D 2 79,

(2"1Timothy Dozat, Christopher D. Manning: Deep Biaffine Attention for Neural Dependency Parsing, 5th In-
ternational Conference on Learning Representations (April 2017), C25.

(281H. N. Gabow, Z. Galil, T. Spencer and R. E. Tarjan: Efficient Algorithms for Finding Minimum Spanning
Trees in Undirected and Directed Graphs, Combinatorica, Vol.6, No.2 (June 1986), pp.109-122.

(29 Alireza Mohammadshahi, James Henderson: Graph-to-Graph Transformer for Transition-based Dependency
Parsing, Findings of the Association for Computational Linguistics: EMNLP 2020 (November 2020), pp.3278-
3289.
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2 R G G B
2.1 HURIER UD IS8 2 aih 5 &2y

A EEE (S0 13, HEE & HEEORNC XY ) 237 K, XEXDRIZHXYID 236 1
FHA, 0D, AXEMENZ P EFEOEEFETH D, FHICIE, HFEI i
I A TW AT T,

L EEE UD I B 2 EMN S X, VICE 21X, AXXOKETIC UPOS %2 57
LUEHETT, 72720, HEREREICE T 2§58 R 32 XF U Db Db H DT, %
DEEE, EEOET % F L DD UPOS #45 L £, Transformers D257 XY »
PERAGEES, 1 LFOPIEICH L TIZUPOS 2 7L E LTHNE L, 2 XFU Eo
oL TR, 1 XFEHIC TB-) Z24H1) 72 UPOS %, 2 3CFHBEIC TI-5 2 A1) 72 UPOS
., ZNETNNET L0 APEZoNET, iUk ) FEEICIE, BEROETE M
FEICE EDOD, UPOS 25T LN TEET,

'pip install deplacy transformers
class SeqL(object):
def __init__(self,bert,aggr="none"):
from transformers import pipeline
self .pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"
def call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]

u="# text = "+text.replace("\n"," ")+"\n"

for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"
ut="\t".join([str(i),text[s:e],"_",pl+["_"1*5+[m])+"\n"

return u+"\n"
nlp=SeqL ("KoichiYasuoka/roberta-classical-chinese-base-upos")
doc=nlp ("F F MR & Z AT I w77 A IRGEF A FITT AR A IS )
import deplacy
deplacy.serve(doc,port=None)

(noun)  (verB) (veEmrB) (cconNd) (Noun) (vErB) (PRON)  (ADV) (abv) (vemrB) (PART)

F oA OB W OB B 2 K A B T

(verB) (NounN) (abp) (veEmB) (NOunN) (VvErB) (ADV) (abv) (verB) (PART) (NOUN)

E B B B 5 % X K ®£ F A

(abv) (verB) (ccony) (abv) (vErB) (ADV) (abv) (B-NOUN]) (I-NOUN) (PART)
A ®MM m A~ &®m ~ KT E F F

13: roberta-classical-chinese-base-upos {2 & % UPOS fif 5-
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Google Colaboratory |=® Transformers % J\>"C, roberta-classical-chinese-base-upos!*”!
T T HERMRG E 2 AIRHEFA I H & S5 R A IREE T AA A AMRA A - F) 12 UPOS
55707708, ZOMREERIBISRLET, THF) M2 XFOEFETHD,
"F 1 12B-NOUN 25, ", IZI-NOUN 23 G- 83nTw k9, AT, DUHIET 1 743
BEEE 1EE LHE SN TW T, ZNZHUT UPOS 35S T,

Transformers D257 X)) ¥ 7%, D& I TE £ 9, roberta-classical-chinese-
base-sentence-segmentation*!Z | L [EFE D Y] D 12 Transformers O R4 7 X ¥ 7
ZHVTOET, BN, KEHOBEFIINT 5 7 X)L% B, SCROEFITNT 2 5
NVZELL, B'M-E3-E2-EZHTHXELLET, L, 1 XFDATHIK
INBXIF, FINVZSELET, 2P THEKINE XD I~ LE, B-EELET,
3XFTHRINE XD I ANVIE, B-E2-ELLET, 4 XFTHRINLEXD T )L
3. B-E3-E2-E&L %9,

!pip install deplacy transformers
class SeqL(object):
def __init__(self,bert,aggr="none"):
from transformers import pipeline
self.pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"
def call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]

u="# text = "+text.replace("\n"," ")+"\n"

for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"
u+="\t".join([str(i),text[s:el,"_",pl+["_"1*5+[m])+"\n"

return u+"\n"
nlp=SeqL ("KoichiYasuoka/roberta-classical-chinese-base-sentence-segmentation")
doc=nlp (" HEAM B Z A I FETF-A M H a7 KA IGET AAANTAA IR 7))
import deplacy
deplacy.serve(doc,port=None)

(@]
¥ B B m B ¥ Z X K H T
™ ™
E B B # A X &~ 71 & F A
(@] (@] (@]
A @M wm O~ B X K B F F

14: roberta-classical-chinese-base-sentence-segmentation {2 & % dy HiLrp [EFE D 3CH) b

Bt tps://huggingface.co/KoichiYasuoka/roberta-classical-chinese-base-upos
BN 2 —: Transformers % FH\» 7 5 HLARERE 30 XU D € 7L O 8UE, AXBEavEa—F T v
RYTL TUAHATA 2021 fw3CEE (2021 4F 12 H), pp.104-109.
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Google Colaboratory =@ Transformers % [>T, roberta-classical-chinese-base-sentence-
segmentation C " HER[IR E . Z AT B H 77 KA IREE- AR A IR A TR S+
T 2T 7ur 768, Z2OMEEK 1418 L ET, THH) TEMiREZ, TR
IRy TEREET AR TSRS TARANT AR TARE T ©720ict] 6
NTVLDB00) £,

2.2 WHHUREZEUD 2B 2180 32\ kT

SuPar-Kanbun®21%, BEETIIHROMR O Z G777 LY XLz, HHGEZER T ICHE
H L TwE 9, UPOS fMaaflE &3 ) b [HEIRFICHEE: L TE D, roberta-classical-chinese-
base-char®!'Z LI L7z TA— A 7 vikil) T3, Google Colaboratory @ SuPar-
Kanbun % VT, T HEMIRE 2 AIREFA I E =05 2B A TR EEF A FT A A IR
BT 2idft s - XYY - ROZIET T 707088 ZORERZK151TRL
E9, HEXOMIHIRZ, HICHTHWZEITLEL &),

CFH &, 8 TH) OFEES TH) Lw)Thh, TiEEZET nsubj TEINT
WE T, TEREE Z ) 1k, WAIEeGE Ty ick->T TEy & THH) PEI N TV,
FEd, & Ty Hconj<T. M8, & MMy eeTEBNTVET, T2, 13 ¥, oHW
T, obj CENTWE Y, TR 13 TH) ORMEHIEE T, AR obl TETEIATYT
23, LR EEE UD ¢, obl 255K L 72 obl:tmod (RFICBY 9 2 A& HIRE) 2 EA L T
£9, ARG X, TF) & T 2oednd 5 2EHEM L THwT, wind
advmod TEBNTWE T, ) 13Xz BT 2K DM&BIE (sentence particle) T
T, ZNE2ERTELILUDBRORIT Y IFHEK 4128720, discourse:sp #EH AR L
TWwET, THHAEAR, &, THH, & THEAR) D27 oflInTnwT, Z
S S parataxis TEBINTWE T, THH, & TH) OHMWEET, obj TEIN TV T,
e f7) 13 T ORMEMIEE T, 4K obl TEEC L T AT A, WHHHERE UD Tid. obl
Z JL5R U 72 obl:imod (G HTICBE 9 2 pH&HliRE) 2 EA L Tw T, 2L NLEG) OWNER
T, B Ny (EULPERE UD ICIITEAG L v ) I, BEd & L Tioe 9784
3% 1T 2 EARER LT, amod TEX N W E T, B, BiEH TH) b T
ZEMIL TV ERRL, KRR EERT case TEIN TV E T, TAMEET) X AR
T L FRROMKEREGE T, TARENNAR, (X, Ty ick->T Ty & T, 2%
BEINTWT, Ty & Ty 2SconjT, "y & Tifiy 25ce TEINTWET, TA
W TEL L T OWMGOFEELZEEZSNLDTTD, EWHD A 12 nsubj TE
DNTWET, F, TR & MRy Cix, 2020 EED T4 B L TwT,
WD advmod TELNTWE T, TARE T X, TATRET)  TAREET) &
BRLL 7RSS, TET) PEAFHTHD a2 7L TT (L LEBEDEHDLH
DEHA),

BALZRAZE—, 7 4y TN 7V AT 4 7 SFRRIE, Y, (LGRS, R, SeREE, RS, i
FH—3: i EEE (% 30) Universal Dependencies & Z DI, EHRAEE 250G, Vol.63, No.2 (2022 4 2
H), pp.355-363.

[33Herman Leung, Rafagl Poiret, Tak-sum Wong, Xinying Chen, Kim Gerdes and John Lee: Developing Uni-
versal Dependencies for Mandarin Chinese, 12th Workshop on Asian Language Resources (December 2016),
pp-20-29.

BALZZE—, 7 4y TNy 7 AT 4 7 v, SFMAE, MY, (LRES, —REEETA, $oAREE, M5 &
BRHRERE (B0 OEREFEMNT & Z DI, [ HLE A 25 3GE, Vol.59, No.2 (2018 4 2 H), pp.323-331.
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!pip install suparkanbun
import suparkanbun
nlp=suparkanbun.load(Danku=True)

doc=nlp (" HEAMNG B 2 AT M B 3277 KA IRGE T AAANTARA IR A7)

import deplacy
deplacy.serve(doc,port=None)

ROOT
nsubj l
NOUN
n &, A A v, 5058, 1T A fE
ROOT

conj

l———

l b}obl:tmod~‘ l [—objj

<
5lm
|0
g|m

(ccond) (NOuN)

(verB) (PRON)

v, 858,174, 81 B, 4, 351 n, &5 v, 858,174, 81 n, A&, AT,
3% =+ 33
2 m K B X
ROOT
advmod
advmod discourse:sp

VERB PART

VB EE ER ETEETE < v, ERE P EGESS

I

A

o)
(@]

[0)

—

: T

D —

-

parataxis

case

amodAi ;obl:lmod]

V

m

RB (NOUN)

n, &5, A BIR

<
&
=
B
)
il
=

bt

(AbP)

v BB L,

B B

(verB) (NOUN)

(VERB)
2

vBFELEE B nEBREEMER  vBETABY
S
1R 2R

ROOT
advmod
advmod discourse:sp
VERB PART
VB EE R v, Bl SEE B N 4 p.BhiE, AR,
7 S S
ROOT
conj
cC
advmod advmod
VERB] (CCONJ
v, Bh38, 172, Bh{E p.BhEA HE 4, 3651 v, B, BE BR B3
|

sl

m A

ROOT

l advmod

‘-advmodA{ (discourse:sp}

(ADv)

v, Bl EE BR

S

(ADv)

v, BlEE S0 B

7R

(NOUN)

n, %5, A 172

aF

(PART)

PR A,

;}Z

15: SuPar-Kanbun 12 X % gy Bt [EEED LR D 32 1) fidhr

—21 —




Z D X 9 T SuPar-Kanbun (%, EFDFITH 5 XIS G2 E 2w, 61
PEEDINAR D R ET2 B 270 ) 2 LT, EXDOREMEZMN L £9, 2k, fip
EZEUD DR D27 Zicid, #4 L1512 Az, ZEXDFiE% % T nsubj:pass, H
B %39 compound:redup. BENS %2 flatvv, it [EEE DS 2 229 flat:foreign
bHV S E T,

2.3 HUPEEE S = RoBERTa € 7)1 0 #ilfE

Google Colaboratory _=? esupar®® ¢, i HiH[EFE S = RoBERTa € 7L 2 8 L TH
FLli), FHZK 16~201RL £,

AN, B D 7O DAXZMEfL £ L & 9 (K 16), train.txt DFXOMFE LT, 2
Z ClZ UD_Classical_Chinese-Kyotol*1Z JGIZ L TW E §2%, HFAIIEL ., b 3%
BTH5DHWNTL X9, %E, UD_Classical_Chinese-Kyoto D7 CoNLL-U 7 7 1 L&,
mai A5 - R D Z BT OEE D VW F 7,

el T AN " LIRS 27280 D + — 7 F A4 ¥ % my-dir/tokenizer-1zh
WAERL £ L & 9, X 17 TlE. BertTokenizerFast & > Transformers @ k—7 F A %%

!pip install esupar

import os
url="https://github.com/UniversalDependencies/UD_Classical_Chinese-Kyoto"
d=os.path.basename (url)

'test -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done

!sed -n "s/"# text = //p" *.conllu > train.txt

¥ 16: dULHpEGZE = =€ FOLEWED 72 © D HE(

from transformers import BertTokenizerFast
from tokenizers.pre_tokenizers import Sequence,Whitespace,Split
from tokenizers import Regex
s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]
with open("train.txt","r",encoding="utf-8") as r:
v=set(c for c in r.read() if not c.isspace())
with open("vocab.txt","w",encoding="utf-8") as w:
print("\n".join(s+sorted(v)),file=w)
tkz=BertTokenizerFast (vocab_file="vocab.txt",never_split=s,
do_lower_case=False,strip_accents=False,tokenize_chinese_chars=True)
b=tkz.backend_tokenizer
b.pre_tokenizer=Sequence ([Whitespace(),Split(Regex("."),"isolated")])
b.decoder.prefix=b.model.continuing_subword_prefix=""
tkz.save_pretrained ("my-dir/tokenizer-1zh")

17: W i EEE AN SO b — 7 F A O IERR

BShttps://universaldependencies.org/lzh/#syntax

Béhttps://github.com/KoichiYasuoka/esupar

[371Koichi 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.
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-1zh" ,model_max_length=128)
tkz.backend_tokenizer.model.max_input_chars_per_word=tkz.model_max_length
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]","[SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-1zh")
tkz.save_pretrained("my-dir/roberta-1zh")

18: HHLh[EZE = = RoBERTa €& 7LV DAEK

import torch
from transformers import AutoTokenizer,AutoModelForMaskedLM
from esupar.tradify import tradify
tkz=AutoTokenizer.from_pretrained("my-dir/roberta-1zh")
mdl=AutoModelForMaskedLM.from_pretrained("my-dir/roberta-1zh")
c=[(k,v) for k,v in tradify.items() if tkz.add_tokens([k,v])==1]
e=mdl.resize_token_embeddings (len(tkz))
with torch.no_grad():
for k,v in c:

t=sorted(tkz.convert_tokens_to_ids([k,v]))

e.weight[t[1],:]=e.weight [t [0],:]
mdl.set_input_embeddings(e)
mdl.save_pretrained("my-dir/roberta-lzh-ext")
tkz.save_pretrained("my-dir/roberta-lzh-ext")

19: HHLHEZE 3 = RoBERTa € 7L DR (BAATHEM)

!python -m esupar.train my-dir/roberta-lzh-ext my-dir/roberta-lzh-upos

20: R EEE A O A AT S - 4R D B2V T S = 7L o AR
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flioT, BMXF =27 FAF 2R L T E T,

KT train.txt D 1 X2> 5, RoBERTa € 7 )V % my-dir/roberta-1zh IZfEB L £ L & 9,
18 Tlx, AHNIE 128 b—27 v « AR PV 256 KOG - RS 12/ - 77 v av
A~y Fafil - PENRZ PV T8 KILE V), PRNIODETNITLTE D, CPULS |
RFEIREEE, GPU %2 65 10 TRECIETE £, 77 L. D RoBERTa € 7 VI3 BHE T
TfEonTs h, HAOEARTPHEOBLTIIEENTHEEA, 22T, INhb
DEEFIIH L7 FILDaE—2E I\, Fi7 kT 7 )V %2 my-dir/roberta-lzh-ext IC
RELEL 9 (XM19),

%12, my-dir/roberta-1zh-ext & UD _Classical Chinese-Kyoto 2> 5, fhgaff 5 - {f D 32
\J BT E 7 )L my-dir/roberta-lzh-upos ZHB{EL £ L & 9 (X120), 7272, BREATII 7 L 2
) AL DFFIFPORANE S, GPU TH 3IRARE» D> TLEVWET,

9 % < my-dir/roberta-1zh-upos DEWETE 722> & 9 o>, esupar TT AL TAFEL &9
(X 21), BEWFOARL ST, HROEHEFCHEOMLFTEHIANEE S, st
5 ROZIBHITE 23T HDT, TORLTATT S,

b 7 AIZ[X 22 1%, my-dir/roberta-1zh-ext & UD _Classical Chinese-Kyoto 7> 5, 3 =31
) € 7V my-dir/roberta-lzh-seg ZE (7 74 ¥V F 2 —=v ) T2 7075 L TT, &
L, SZETATRIXY)) OFERENSBVDT, o b REBETAZIEKL
FBOWTL &9,

!pip install esupar

import esupar
nlp=esupar.load("my-dir/roberta-lzh-upos")
doc=nlp("JLEIAA"M)

import deplacy
deplacy.serve(doc,port=None)

root

R T e R

(vérB) (NOuN) (PART) (VERB) (NOUN)
5 o & A A

21: SR ERE A O A S - R D BT S =2 T Vv D T A b
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from transformers import (AutoTokenizer,AutoModelForTokenClassification,
AutoConfig,DataCollatorForTokenClassification,TrainingArguments,Trainer)
brt="my-dir/roberta-lzh-ext"
tkz=AutoTokenizer.from_pretrained(brt)
lid={"B":0,"E":1,"E2":2,"E3":3,"M":4,"S":5}
cfg=AutoConfig.from_pretrained(brt,num_labels=len(lid),label2id=1id,
id2label={i:1 for 1,i in lid.items()})
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
wd=cfg.max_position_embeddings-3
dat=[{"input_ids": [tkz.cls_token_id],"labels":[5]}]
with open("train.conllu","r",encoding="utf-8") as r:
for t in [s[9:].strip() for s in r if s.startswith("# text = ")]:
i=tkz(t,add_special_tokens=False) ["input_ids"]
j=[0 if len(i)>1 else 5]+[min(k,4) for k in range(len(i)-1,0,-1)]
if len(dat[-1] ["input_ids"])+len(i)>wd:
dat.append({"input_ids": [tkz.cls_token_id]+i[0:wd],"labels": [5]+j[0:wd]})
elif len(i)>0:
dat[-1] ["input_ids"].extend (i)
dat[-1] ["labels"] .extend(j)
trn=Trainer (args=arg,data_collator=DataCollatorForTokenClassification(tkz),
model=AutoModelForTokenClassification.from_pretrained(brt,config=cfg),
train_dataset=dat)
trn.train()
trn.save_model ("my-dir/roberta-lzh-seg")
tkz.save_pretrained("my-dir/roberta-lzh-seg")

22: WP EFESCYI D S =€ 7V DK
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3 HAGES

HESHEL L COHAEX, HiEEFEOMICXYID NS A, 22 b, HiE
DEIICRE DD RVDT, A RHEEEIMELIL W EB80 T3 (X23), HAGEUD
T, INSOHEERDH L, EEEVHEHL & FEEFR MY R— I N0 ET, 2
D—757T. HAFEBERT/RoBERTa € 7LD + — 7 Y Ei&, EFEMHEEAL (H D 0IZZFD
ML) PXTFHAD D DB D TTH, K23 PUND F—7 v EZ2RHAL TV €T
NbHD, RDEHE L THuET,

EREMPRLHDE || & || 2248 || 12 || Do || TN || 8| o || EEE || @ ||
AR F (IS |PRE || [ FL ]| 23 [ e || st || T2 ]

EEFEEHDE || 248 || 1Sh o T || PR || @ || 3 || o ||
BORKE |1 || KR o | FELAR || 23 || G || S# ]| Tw 3 ||

SCHi || BFFEICD > T | /INERD || HEFED ||
HEFIC || KRR || Lzt || Hoeos T3 ||

23: [EFEWTREELAL - EEEDTR BLAL - SCH

3.1 BEEWPEHALICS &0 < iailht 5 & 68 D 220 @bt

SuPar-UniDiclPM&, H2230# (+Wikipedia) BERT € 7 /L1401 % R— 212 BHEZTHIRIOL%R
DZTRIT T L 2 X% EEENHEEAZEN T ICSEE L Cw 9, JEREEMNT GEEEY) D -
XPOS il -5 21X, MeCab*! & UniDic*? % il L T\> £ 3, Google Colaboratory
=® SuPar-UniDic # FH\» T, TR¥FAFEICH 7% > TUNARDEFEDHEIEICKEDOH Uiz
BHGLNTWS ) Ziaaf 5 - ROZUIENT 27077 5L, ZOKRZK 24 125
LET, Rz Rz icLEL X)),

EEEUMEHEAL UD TlE, TR TNERS TEBEREE ) PEBOBEEICT PN T T,
compound TEN T 5 DRI TT, VNERDEREOHRE ) 13, Add f %z
E#fi L TV T nmod TE2SN T\ 3 LFEIFFIZ, T, HScase TEEBNTWET, TKED
Lz bFERTT, T2%F) 13 Th7oTy O=KTH D, obl TEIN T2 LIHK
2, Tizy dcase TN TWET, Lz X THHoo Ty OFETH D, nsubj
TEIN TS LR, T23) HScase TEBNTWET, &PEICH>Ty X T

[38]Mai Omura, Aya Wakasa, Masayuki Asahara: Word Delimitation Issues in UD Japanese, Proceedings of the
5th Workshop on Universal Dependencies (December 2021), pp.142-150.

(3912222 —: 1L Universal Dependencies & £ 1) 32 F T — )L, £ 3 [A] Universal Dependencies 235
W2 (2021 4 6 H).

“Ohttps://github.com/akirakubo/bert-japanese-aozora

(41 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.

2MR G, AINREEUE, MRS R, ILHE, ZIMEH, WuiE s, IMEEiR: 2 — S AHARELD IO DFE
B TERER M LR OB & Z DG, BHAGERE, 56 22 5 (2007 4£ 10 H), pp.101-123.
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!pip install suparunidic

import suparunidic

nlp=suparunidic.load("gendai")

doc=nlp (" FFEIC D > UNARDIEFEDBRFICKEOM LisHe o Tw5")
import deplacy

deplacy.serve(doc,port=None)

advc
nmod nmod
ompound ase markj {compound] [—case case ompound
ﬁ (NouN)  (ADP) lVERB| (scony) (Noun) (NOUN)
1EEE BB Hh% A& BHE PEERENDE S EEEE] 1ERE R R R Bhael-H8BhEE B R R EETE BB
- (== T E N
2 FF | bl T N ER O EHFE O HH
ROOT
advcl
obl aux:
nmod nmod nsubj mark
|l[—6859j —aux

(ompoun -case l
NOUN NOUN (noun)  (AaDP)  (VERB) AUX) (scond) (Aux
g BHE—# Bhee B DEETFE

ERE-BAN-—HK BhiA-1RBhER ER-ERRA MR BhiF-1REHER BE-EBEE—M BhER-ARENER BhEhER

£ T AE O B H AL S T W3
24: SuPar-UniDic IZ & % HAGELR D 321 f@bT (E REIFE HAT)

LigasHw s Ty oEMAEHiEicd H. advel TEBNLTWE T, T3 1E, UniDic
i (XPOS) 2% TEhE-JEEHZARE ) DT, 2 2 TIFIEHVZ &£ A% L TUPOS %
AUX 12§ % ERIRFIZ, aux TEPXIN TV E T,

[EFEWFALHAL UD Tlk, XPOS & UPOS 23t (e L T £ 9, XPOS & UniDic /iy
Az L TWBDTT DY, UPOS DM SN — L EIZ AL TWwWA 72T, ik
e LT TEMSRMERIIEE T 2 (N2 2R TAEL &), T#EE D UniDic il
4@ A - ARG RTRE ) T2, TEEEZ ) (ITRIRE OB EET]) & L Til) R Z
TH D, UPOS (& ADJ 234 TT, THHET 2 ) Y EdEEI L LTk ) RE T, UPOS I
VERB 23%4C4, 72721 T#iEx, & T#HET 2, b, EREVHEHRMTIE 2 DD Hi5E
Wit CT L) DT, T, o UPOS I, ZNZ4ADJ &£ VERBZ 5L T 7,

!pip install suparunidic
import suparunidic
nlp=suparunidic.load("gendai")
doc=nlp ("¥EfS 4 HEER X HEET 5
import deplacy
deplacy.serve(doc,port=None)

ROOT

ﬂsum

aux

B xi% 5 m»m 1 25 ﬁ%]‘rﬂ KB Efj 7l-(REhEF LRERLEYIVRATRE  BHEA-FEEIIATAE

S T HE @ BE 75

25: EZENHEHAL UD I8 1) % XPOS (UniDic &) & UPOS 9 B#%
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3.2 [FEEEMPE ST S = RoBERTa & 7))L 0l

Google Colaboratory |- ® esupar®®-C, [EFEMFHAL S = RoBERTa € 7V % 8fE L T
AEL &), FIEZ26~2912R L £7,

R, BBRD 72O DLEZMEf L £ L & 9 (X 26), train.txt DXLEDMFLE LT, 2
Z TlZ UD Japanese-GSD!! & Wikitext-JA* 2 JGIC L TWE §23, ARG, ko H
KEXZHETH52DH0WTL &9, %, UDJapanese-GSD D4 CoNLL-U 7 7 A )V
. wEA S - R DRI OAEICDHCE T,

'pip install esupar fugashi unidic-lite
import os,urllib.request
url="https://github.com/UniversalDependencies/UD_Japanese-GSD"
d=os.path.basename (url)
'test -d {d} || git clone --depth=1 {url}
!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt
url="http://www.lsta.media.kyoto-u.ac. jp/resource/data/wikitext-ja/"
with open("train.txt","a",encoding="utf-8") as w:
for t in ["Featured_Contents.txt","Good_Contents.txt"]:
with urllib.request.urlopen(url+t) as r:
print(r.read() .decode("utf-8") .replace(", ",", \n"),file=w)

26: EIZEWHE A S =€ FIOVEWED 72 & D HEfj

felF T A2 FEFEME AR T 2 720D b — 7 F A ¥ %, my-dir/tokenizer-suw
AR L £ L & 9, X127 T, fugashi™' & unidic-lite*®) T train.txt % FEFERFREHAL I X Y]
h. %% BertJapaneseTokenizer & \» 9 Transformers ® &+ — 7 F A FIHHA EIFT,
FEMHREHLL b — 7 F A 2R L T E§, GEEEE (vocab_size) % 8000 12> T ¥
T, BIPVLRELSLEADPLLS LNEXEA,

'fugashi -Owakati < train.txt > token.txt

from transformers import BertJapaneseTokenizer

from tokenizers import BertWordPieceTokenizer

s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (lowercase=False,strip_accents=False,
handle_chinese_chars=False)

wpt.train(files=["token.txt"],vocab_size=8000,special_tokens=s)

wpt.save_model(".")

tkz=BertJapaneseTokenizer(vocab_file="vocab.txt",word_tokenizer_type="mecab",
mecab_kwargs={"mecab_dic":"unidic_lite"},do_lower_case=False,never_split=s)

tkz.save_pretrained("my-dir/tokenizer-suw")

27: EFEWHEHAL b — 7 F A FDOIEK

(SN S, #ipef, (LT MR, KA, FRJ5IES2: UD Japanese GSD O FH3&(i & [EH RBUG WAL S, 560
SRR 26 [AERCR 2 FE A5 A (2020 4F 3 H), pp.133-136.

“http://www.lsta.media.kyoto-u.ac.jp/resource/data/wikitext—ja/

Shttps://github.com/polm/fugashi

4https://github.com/polm/unidic-lite

_28 —



from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-suw",model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]","[SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t [0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-suw")
tkz.save_pretrained("my-dir/roberta-suw")

28: [EZERFFE AT S = RoBERTa € 7V DER

!python -m esupar.train my-dir/roberta-suw my-dir/roberta-suw-upos .

X 29: EFEWHEHALIAN T fE TS - 4R D 321 T < =€ 7L o B

'pip install esupar fugashi unidic-lite pytokenizations

import esupar

nlp=esupar.load("my-dir/roberta-suw-upos")

doc=nlp ("EFFIC D> UNARDEFEOBRFICKEDH Lis2Hveo itz
import deplacy

deplacy.serve(doc,port=None)

obl
nmod

fixed nmod
ompound fixed ompound ase cas ompound
(noun)  (NOUN IADPi [;EEB] [SC£NJ] [NgiN] [QQU;; &é#ﬂ NOUN ;ADPI (Nnoun)
FHE I Do T N ER D EHE O BR

root

obl
obl

nmod nmod nsubj mark
(ompoun case case [—08591 r—aux fixed
NOUN (ADP) lNOUNi (abp) (Noun)  (ADP)  (VERB) i X) lSCONJ' (VERB)

ic K& O #lk B BL 5h T W3
30: AL MG - R D ZIMHT S ZEF LD T A b

M
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RIZ train.txt DLHED> 5, RoBERTa € 7 /L % my-dir/roberta-suw IZ/EB L £ L X 9,
28 Tld, AHJME 128 b —2 >« AART L 256 K06 - RS 12J@ - 7T v ay
~y R4 - PREIRZ PV T68 KoL ), RRPIODETNICL T X TH, GPU
TH 3MHBRE,IP>TLEVET,

212, my-dir/roberta-suw & UD _Japanese-GSD 7> & | figilfif G- - £R 0 32\ fffr€ 7L
my-dir/roberta-suw-upos 2 H#EL £ L & 9 (X29), 772, BRETIIE 7 VI X LD
FIIICRAE <, GPU TH 2 RRIfRE» > TLEVE T,

9 ¥ < my-dir/roberta-suw-upos SENETE 72> £ 9 2>, esupar TT A FLTAZFEL &
9. 7% %. esupar T BertJapaneseTokenizer Z V> 23556, fugashi & unidic-lite [Zf1Z T,
pytokenizations” & IET Y, K30 DHITIE, Ticb7>T, MTCwd; Y v 7 I fixed
DENTHBT, M24 L3R BHRICE->T0R5 X9 T,

3.3 [EEEWHRHNLICD &0 < Miaht G & 6] D 21T T

FEFEIHR HAL b — 2 F £ ¥ Japanese-LUW-Tokenizer*®! & | #2%3Cfi RoBERTa & 7 )L
roberta-base-japanese-luw-upos* %2 JuIZ | EFEWHRHAIC S & O MFift 5 2E 2 TAE

'pip install deplacy transformers
class SeqL(object):
def __init__(self,bert,aggr="none"):
from transformers import pipeline
self .pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"
def call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]

u="# text = "+text.replace("\n"," ")+"\n"

for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"
u+="\t".join([str(i),text[s:el,"_",pl+["_"]1*5+[m])+"\n"

return ut+"\n"
nlp=SeqL ("KoichiYasuoka/roberta-base-japanese-luw-upos")
doc=nlp ("R FEICDH T > TUNERDEREDBRIEF ICKEOF Lz onTweam)
import deplacy
deplacy.serve(doc,port=None)

(B-NOouUN) (I-NOUN)  (ADP)  (Noun)  (ADP)  (Noun)  (AabP)  (NouN)  (ADP) (ADJ) (ADP)

£ FFE WOUMER O EHFE O BHHE € KE O

(B-NOoUN) (I-NOUN)  (aDP)  (vERB)  (Aux) (SconJ)
BmL & H HL 5h TWa

31: roberta-base-japanese-luw-upos Z & % UPOS i} 5-

4https://github.com/explosion/tokenizations
“8https://github.com/KoichiYasuoka/Japanese-LUW-Tokenizer
“Ihttps://huggingface.co/KoichiYasuoka/roberta-base-japanese-luw-upos
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!pip install esupar

import esupar
nlp=esupar.load("KoichiYasuoka/roberta-base-japanese-luw-upos")

doc=nlp (" FFEIC D > UNARDIEFEDBRFICKEOM LisHe o Tw5")
import deplacy

deplacy.serve(doc,port=None)

nmod nsubj

nmod nmod l
NOUN [gaﬂ [N_olu% e[%)?] [N|olu[r\1—]c [Q)P] [N|OU[N—] [gaﬂ [A_ig ADP NOUN
EEFWHTNER O EFE O #HHE I KE O #Hlks

root

obl
obl

nsubj mark
case J_taux

aDP) (VERB iAUX' (scond)
h AL 5N TWa

32: roberta-base-japanese-luw-upos 1 & % HAGELR O 32 1 i@t (EFEWFHRE HAL)

L X 9. Google Colaboratory _I-® Transformers % F\»C, T2 H 72> TNERDIE
HOBREEICKBOF LS5 TWw» 5 ICUPOS 2115957077 L L, ZODk
REK3LIWRLET, & =7 VIR T RY ¥ 7TUPOS Z 5L T» 5D TE A,
Japanese-LUW-Tokenizer 23588E CTld 72 (. DI T4 TEE) Ticb>T) UNE
Ky Toy TEEE) "o, T8BE) Ticy TRE) Ty L) Tk ™23 THw, Tong
"Wz, Eb—=0FAXLTLEHIRD, T8 & L, 12B-NOUN, T4 & Tz,
IZI-NOUN 353w x 9, —/, TRE) ICADIBIFEIN T TH5, Z4d
NOUN D i o572 & Z 2 6 £ 7,

eV C, EREMHRHALTOMR D Z TS FTHE L £ 9. Google Colaboratory |
D esupar Z T, TRPAIEICD 72 > TUNERDEFEDBEIFICKEDH Lz 6
NTV5 ) ZROZIRNTT2 707708, ZOMBEX32ITRLET, VIO
EFEOHRIE ) 12, AFANLFAZBHI LTV Tnmod TR TV 3 EFFIC, T, 73
case TENIN TV ¥, "REOFH LR, bEKDIZTTTI, TKE) 23NOUN TiZ
%S ADJICHES>TLES>TWET, filiz) I TH D, nsubj TEBNT W2 L
IRFIC, 2% 23case TEBIN TV T, MHBEE) I=THD, obl TEBN TS L
[FIRFIC, T2 2¥case TEXN TV E T, T2YE) =K LI TV T, obl T
BT B LEFRC, Ticb7zo T, Hcase THEIBINTWVLE T,

12 2 —: Transformers & [EFEAFRHAZIC X 2 HAGER D Z T ENTE 7L O BIME, [E S - 20783
&, Vol.2022-CH-128 TASCRIEE a v Ea—4 5, No.7 (2022 452 H 19 H), pp.1-8.
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3.4 [EEEWHE N S = RoBERTa € 7))L O Hlff

Google Colaboratory [ esupar T, EFEWHZHAZ I = RoBERTa € 7 )L Z #ff L TH
FL &9, K33 Tid, X26~28 Tk L 72 my-dir/roberta-suw %, [ElFEMHE A7 IS
BT, Sl S - 4R D SZTEHTE 7L my-dir/roberta-luw-upos % #/E L T £ 9,
FEFAL YN O BertJapaneseTokenizer (NFFIYIZ 13 fugashi & unidic-lite) Z {9 2 & 127% %
DT, FEFEPHREHAZ O UD Japanese-GSDLUWPHIZEERT b — 27 V23 < 72 2 DT D3,
esupar 23 UPOS 502 TB-; Tl-) Z28ffid 52 LT, 9 FLEET 2139 TT (IX34),

'pip install esupar fugashi unidic-lite pytokenizations
url="https://github.com/UniversalDependencies/UD_Japanese-GSDLUW"
!python -m esupar.train my-dir/roberta-suw my-dir/roberta-luw-upos {url}

X 33: FEEEMFR AL D ENS « 62 D ZU T S =€ 7L O BE

'pip install esupar fugashi unidic-lite pytokenizations

import esupar

nlp=esupar.load("my-dir/roberta-luw-upos")

doc=nlp ("REFEITD T > UNERDEFEDHFFICKEOF LigS s Twsm)
import deplacy

deplacy.serve(doc,port=None)

obl
obl
nsubj

nmod nmod nmod
ase qc q ase
NOUN | ADP l NOUN l ADP I NOUN l l NOUN | l NOUN l I NOUN

EFF [T IMER ESfS ARE I KE Blic

nsubj mark
case };aUXw l
(abp)  (verB) (Aux) (sconJ)

o AL 51 TWa
Xl 34: [FFEUHE B A MM S - RO ZIEN S =T LD T A b

3.5 X H EOL 1R Z RN

GINZAP2Z, [EEEA R EAT I %k0<%%%?mMD§H%ﬁ7w:UXA%%
TEH, 2D LT, XD EDLARD Z BN A[EETT, 7272 L, (i ko(

UK, Fplekt, B IESE: FEEEIHR HFALICIED { UD Japanese, 5 agLBHAES 5 28 [RAER K EFEFREHL
% (2022 4 3 1), pp.1618-1623.
[S2IFAFHEL: GINZA - Universal Dependencies (Z & % FZFH Y HAGEMENT, H A S REALRE, Vol 27, No.3 (2020 4E

9 H), pp.695-701.
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RO ZIFIE, EEWISCHD RN E ) v 7§ 238070 REIOFFRAPHAGE UD &
HIZloTLEVET,

Google Colaboratory 1 GINZA Z f\>T, TRPZFEITH 7 o TUNERDERED B
KRB LisHoiTwe %) 2RO RIS 27077 5L, ZDRER M
Bt GraphvizPH 2 ) 235 18 L £9, XHiICdH &R D ZITENTIE. UD &
BECELSTVRE LS, TITRBHICHOTEEET,

'pip install ja_ginza ginza deplacy

import ja_ginza,ginza

nlp=ja_ginza.load()

doc=nlp (" FEIC DO > UNARDEFEDBFEICKEOfM LizH o iTw5")

d=ginza.bunsetu_spans(doc)

from deplacy.deprelja import deprelja

g="digraph{"+";".join([’x{}[label="{}"]’.format(b.start,b.text) for b in dl+
[’x{}->x{} [1abel="{}",fontsize=9]’.format(ginza.bunsetu_span(t) .start,
b.start,depreljalt.dep_]) for b in d for t in b.lefts])+"1}"

import graphviz

graphviz.Source(g)

RS & 2 MREHEE

U ARG

HwusitTwnb

35: CHIZ b &0 HAGERR D Z U b

SV SO D4R D 321 2 JE0E & U 72 HAEESCORESCo T, 78 1 lf5 F 2 isCEE, Vol.55-D, No.4

(1972 4£ 4 1), pp.238-244.
B4 https://graphviz.readthedocs.io
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4 Wik
41 WEEUD BT B NS 248 D 2T

Trankit'!iZ, XLM-RoBERTal*¢1% X — 2 :\%%ﬁﬂiﬁbﬁﬁﬁﬁYwﬁUfA%
M4 e FREMITICHEE L T E T, FEEMITICHEMNG HFEL T T, HED S
Z IR ) 2 & B H[EET T, Google Colaboratory b Trankit Z F\>C, 93¢ Mt didn’t
take long to repair my carj % fmalff5 - RO ZIMN T2 707708, ZOMHEE
361 L EY, MTHIRZE T ZEIZLEL X9,

'pip install trankit transformers deplacy
import trankit

nlp=trankit.Pipeline("english")

doc=nlp("It didn’t take long to repair my car")
import deplacy

deplacy.serve(doc,port=None)

root

expl csubj obj
advmod~ | -advmod markj l (nmod:poss] l

(ProN)  (PART) (VERB) ADV (PART) (vErB) (PrON) (NOUN)
NN

PRP RB VB RB TO VB PRP$

It didn’t take long to repair my car

36: Trankit |12 X % HaEDLR D 2T b

B Ttakey DFFEIE Tty TS, Moy (IR FFET, FEEOFEFEIX Tto repair my
car] &\ fifi (clause) T9, T &ML T, "Ity 2¥expl T, Trepair; 2% csubj TE¥3
NTW»ET, Tdidn'ty & Tongy 1 Mtake; ZEAEML T T, Vw1 d advmod TH
DTV E T, Ttorepairmy car) IZEWTIE, Ttoy DHIEMAICHTE I 11TWT, mark T
BT wE T, Teary 1 Trepairy ®HIWEET, obj TENTWET, "Tmyy 1F lcary
ZBHMi L TE D, AR det WEY)ZEFEZ SN SHDTTA, EiE UD Tl nmod:poss
(A ICB T 2R 5 ) 2 EA L TwE ¥, 4B, Trankit ¥ Tdidn'ty 2 13572 &AL
TWLE A, HEFEUD T Tdid) "'ty D2FHICTITERETH . HEEY Y 2354157
T,

UDPipe 2 WebAPIPNZ | UDPipe 2 D% h Z 1 gt € 7 V181 % | WebAPI DI TR
LTwEd, WEIICIE, BEEATAIIGR D Z UM 7 L3 ) X8 2fi>Tw»5 X9 T,
Google Colaboratory > 5 UDPipe 2 WebAPI DHEGEE T T 7 A § 57077 Lk

[55]Minh Van Nguyen, Viet Dac Lai, Amir Pouran Ben Veyseh and Thien Huu Nguyen: Trankit: A Light-
Weight Transformer-based Toolkit for Multilingual Natural Language Processing, EACL 2021: 16th Conference
of the European Chapter of the Association for Computational Linguistics (April 2021), System Demonstrations,
pp-80-90.

(561 Alexis Conneau, Kartikay Khandelwal, Naman Goyal, Vishrav Chaudhary, Guillaume Wenzek, Francisco
Guzman, Edouard Grave, Myle Ott, Luke Zettlemoyer, Veselin Stoyanov: Unsupervised Cross-lingual Rep-
resentation Learning at Scale, Proceedings of the 58th Annual Meeting of the Association for Computational
Linguistics (July 2020), pp.8440-8451.

Bhttps://lindat.mff.cuni.cz/services/udpipe/

[58]Milan Straka: UDPipe 2.0 Prototype at CONLL 2018 UD Shared Task, Proceedings of the CoNLL 2018
Shared Task (October 2018), pp.197-207.
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!pip install deplacy
class UDPipe2WebAPI(object):
def __init__(self,lang):
self.url="https://lindat.mff.cuni.cz/services/udpipe/api/process"
self.params={"model":lang, "tokenizer":"" "tagger":"", "parser":""}
def __call__(self,text):
import urllib.parse,urllib.request, json
self .params["data"]=urllib.parse.quote(text)
u=self .url+"?"+"&" . join(k+"="+v for k,v in self.params.items())
with urllib.request.urlopen(u) as r:
return json.loads(r.read()) ["result"]
nlp=UDPipe2WebAPI("en"
doc=nlp("It didn’t take long to repair my car")
import deplacy
deplacy.serve(doc,port=None)

root

nsubj
au advcl obj
l ;—advmoda Padvmod ;—markj l | {nmod:poss] l
(ProN)  (Aux) (PART) (VERB) (PART) (VERB) (PRON) (NOUN)
RB VB RB TO VB PRPS$ NN

PRP VBD

It did n’t take long to repair my car

[X| 37: UDPipe 2 WebAPI IZ & % JEEED 4R ) 521 fi# kT

ZDfERZX 37127 L £9, Tt didn’t take long to repair my cary DFEHTIZE T, didj
Tty 232EBIC TV T, ZNZFtaux & advmod TEBN T T, 72720 Tty 23
FBAEETHL L 2T L ENTES T, nsubj TEINTVET, TR, Mrepair)
¥ advel TEBNTWE T,

B, FEEUD DRHZIT Y 7Icid, #4 £ nmod:poss I A, 4 X % HEEH
%39 obl:npmod. IKFIZBIT 2 A S ERiZ %9 nmod:tmod. WFIZEIT 2 RHgMliEEZ KT
obl:tmod, ZEFED F5E% K d nsubj:pass, ZEFEDHiF5E% £ T csubj:pass, BRI
AT X 2 AMEAfT % 29 aclrelcl, FREFDHIICED 1 5 B4 % %7 det:predet, £
Wil ¥ 1 % A& 2 29 cc:preconj, fJ#EEE %229 compound:prt b v 531 % 7,

4.2 YiiE 3 = RoBERTa &7/l 0 #Hff

Google Colaboratory = esupar®®C, 3435 I = RoBERTa E 7V Z8fEL TAHE L &
Yo FMHZXK38~41 1R L £,

PN, RO 7= DD XEZHER L £ L & 9 (X38), train.txt DXEDOMELE LT, Z
Z Tl UD _English-EWTY & WikiText-201Z I L TW X 9705, HFAIKIGL, o33
ZHEETL2DOHWWTL &9, %E. UD_English-EWT D% CoNLL-U 7 7 A VL, i
5« £2 0 Z T OFEE IOV E T,

felF T, PEFEAT b — 2 F A4 ¥ % my-dir/tokenizer-en IZ/ER L £ L X 9, X139 Tl

Ihttps://universaldependencies.org/en/#syntax
[00lhttps://github.com/UniversalDependencies/UD_English-EWT
Ohttps://arxiv.org/abs/1609.07843
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'pip install esupar pytokenizations

import os

url="https://github.com/UniversalDependencies/UD_English-EWT"
d=os.path.basename (url)

'test -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done

!sed -n "s/"# text = //p" *.conllu > train.txt
url="https://s3.amazonaws.com/research.metamind.io/wikitext/wikitext-2-v1.zip"
Itest -d wikitext-2 || ( curl -LO {url} ; unzip {os.path.basename(url)} )

Ised "s/<unk>/[UNK]/g" wikitext-2/*.tokens >> train.txt

38: Wik I =% FOLHEIED 7= & D HE(i

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]"," [SEP]"," [UNK]"," [MASK]"]
wpt=BertWordPieceTokenizer ()
wpt.train(files=["train.txt"],vocab_size=8000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",never_split=s)
tkz.save_pretrained("my-dir/tokenizer-en")

Xl 39: FEEAIT b — 27 F 4 T DIERK

from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-en" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]"," [SEP]"," [UNK]"," [MASKI"])
cfg=RobertaConfig(hidden_size=256 ,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip()!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadlLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-en")
tkz.save_pretrained("my-dir/roberta-en")

40: BE3E I = RoBERTa €& 7L DERK

—36 —




Transformers @ BertTokenizerFast 2 ffi—>C, HEEMAIT F—27 FA F 2R L T E T, 38
FH (vocab_size) % 8000 ICFE> TV ETA., IV LAZIL LA VLL L LNE
‘A,

KT train.txt D XE 2> 5, RoBERTa € 7 /)L % my-dir/roberta-en IZ{EF L £ L & 9,
40 Tld. AR 128 b= > « A7 PV 256 Rot - IRS 120« 7T v av
~y F4fE - PRI 7 PV 768 KL, RRNIHDETNMICLTED, CPULS
2 IRFREIFREE, GPU % &5 20 0 REE TR T E £ 7

12, my-dir/roberta-en & UD_English-EWT 2> 5. fiilft5 « R 0 Z @€ 70
my-dir/roberta-en-upos Z #{EL £ L & 9 (XI41), 9 % { my-dir/roberta-en-upos 23HffEC
E7H, esupar TT A ML TAZEL &9 (K42),

Ipython -m esupar.train my-dir/roberta-en my-dir/roberta-en-upos .

%] 41: SEEEA TR - 150 RIS = 7L 0

!pip install esupar

import esupar
nlp=esupar.load("my-dir/roberta-en-upos")
doc=nlp("It didn’t take long to repair my car")
import deplacy

deplacy.serve(doc,port=None)

root

nsubj

aux advcl obj

(advmod~ i»advmod ‘—markj l | ;nmod:pos&| l
(AaDV)

(proON)  (Aux)  (PART) (VERB) (PART) (VERB) (PRON) (NOUN)

It did n’t take long to repair my car

42: SR A G - R D RN S =T LD T R b
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5 795 A
51 79 VABUDIZET B WM 5 &7 D 32T Wt

spacy-transformers'®? (%, BERT/RoBERTa € 7L IC & 2 IRAEERBIILR b 52\ gkt 7L 2
YALZFIELTED, 77 v AFEMITICIZ, CamemBERT!® % JEIZ L 7 fr_dep_news_trf
Z NG LT £ 9, Google Colaboratory _| spacy-transformers % i\ T, 7 7~ A3k
DI Tl ne peut pas préter attention aux articles contractés) % fgi i 5- « 1R D 3Z 1 f#HT 9
270770t ZOMBRERAITRL T, BIRRZE TSI EICLEL &),

'pip install spacy-transformers deplacy

!'python -m spacy download fr_dep_news_trf

import spacy

nlp=spacy.load("fr_dep_news_trf")

doc=nlp ("Il ne peut pas préter attention aux articles contractés")
import deplacy

deplacy.serve(doc,port=None)

ROOT

nsubj xcomp obl:arg
l advmod fadvmod om——; ad
(PRON) ADV ‘ VERB INOUNI (aD ; iNOUNi VERB
ADI

PRON ADV

Il ne peut pas preter attention aux artlcles contractes

43: spacy-transformers (2 X % 7 7 ¥ AFEDIR D 3Z ) #HT

Bl Tpeuty OFEFE T X, FIRHC Tprétery OFEFETHH S Z L6, T 23 nsubj
T, Tpréter; 23xcomp TENTWE T, Tnes Tpasy (& Tpeuty ZHEL T3 L AL

T, WINd advmod TELNL T F§, Tattention; & Tpréter; DHMEETH D, obj
TEIN T, FHEHIEE Tarticles) 122V T i PRI TY, 77 Y AFEUD T
iZ. obl % obl:agent - obl:arg  obl:mod D 3 DICTHEL TE D, ZNFNEETE (agent) «
JH (argument) - fEfifi - (modificateur) Z 3 L T\ > £ 9, Tarticles; % obl:arg TE2311 T\
528005, Tprétery O (7 LEIEETIXRV)EEARLINTWET, Tarticles) (T
XL Tauxy (3ATEG, Tcontractés) (GHEMAEMii7Z L ALINTE D, ZNZ N case -
acl TE2NTWwWE T, %28, spacy-transformers (& "aux | %3 1 %7‘5 ERELTOETD,
77V AEUD Tk Tay Mesy D 2EICoEEL 72 LT > TED, MAED
et AT,

Trankit!>>! c;t XLM-RoBERTa % ~\— 212, BEEEITHIIIGR O 20T 7 L 3 ) XL %,
KR4 e SEEAIFICFEEE L T £ 7, Google Colaboratory 1= Trankit Z H\>"C Tl ne peut
pas préter attention aux articles contractés | Z fmailff G- RO Z I 6707708, 2
DFERZX 44 17 L 7, Tauxy DSERINICIZ 238 E LTl TE D, Tay 23 Narticles
DOHTER, Tes) PREH () & LT, ZN1iZttcase « det TEIXIN TV T,

(02lhttps://github.com/explosion/spacy-transformers

16311 ouis Martin, Benjamin Muller, Pedro Javier Ortiz Sudrez, Yoann Dupont, Laurent Romary, Eric Villemonte
de la Clergerie, Djamé Seddah, Benoit Sagot: CamemBERT: a Tasty French Language Model, Proceedings of the
58th Annual Meeting of the Association for Computational Linguistics (July 2020), pp.7203-7219.

64 https://huggingface.co/spacy/fr_dep_news_trf
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'pip install trankit transformers deplacy

import trankit

nlp=trankit.Pipeline("french")

doc=nlp("Il ne peut pas préter attention aux articles contractés")
import deplacy

deplacy.serve(doc,port=None)

root obl:arg
nsubj comp case
advmod advmod l objj l det— acl
(PRON)  (ADV) VERB ADV (verB) (NOuN) (ADP) DET (NOUN iVERB'
(| ne peut pas préter attention aux articles contractés

[X| 44: Trankit IC X % 7 T~ ZAZEDR D 52\ T

BB, 77 VAEUDDRHZIFY 7IciE, #4 L obl:agent - obl:arg - obl:mod (2l
Z. B K IRV 5T WL 381D TEH, PR E ) L OMTCEALIE > TE D |
FHEDIWEIEENE T,

52 79 AEI = RoBERTa &5/l D&Y

Google Colaboratory _|=:® esupar®®1"C, 7 5 A3 3 = RoBERTa € 7V % 8{E L TH
FL&), FIEZK45~48 1T L £7,

BN, ARD 7D DX EZMERL £ L & 9 (M 45), train.txt DXEDOMEE LT, 2
Z Tl UD _French-Sequoial®! & UD _French-GSDI*"1 2 JTIZ L TWE §A%, HFAIZEL, 7
7V AEOMMOXE R IR T 2D bW TL &9, KE, £ CoNLL-U 7 7 4 )Lid, fidd
5 - RO ZI T OFEICOHWET,

B, 77 v AR b =27 F A Y% my-dir/tokenizer-fr ICTEL L £ L X 9, X 46
Tl. Transformers @ BertTokenizerFast Z {fi—> T, 7 7 ¥ AFEMIT F — 7 + A4 3 2 /K
LTWwET,

KT train.txt DLEED> 6, RoBERTa € 7 /L % my-dir/roberta-fr IC{E L £ L &k 9, X147
Tl AHIIE128 F—2 v « AR PV 256 Rt - RS 12 - 7T v a v~y

'pip install esupar pytokenizations

import os

url="https://github.com/UniversalDependencies/UD_French-Sequoia"

'test -d {os.path.basename(url)} || git clone --depth=1 {url}
url="https://github.com/UniversalDependencies/UD_French-GSD"

ltest -d {os.path.basename(url)} || git clone --depth=1 {url}

Ifor F in train dev test ; do cat UD_French-*/*-$$F.conllu > $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt

X 45: 7 7 v AFE I = FNVEWED 72 & D HE

(05lhttps://universaldependencies.org/fr/dep
(6*Ihttps://github.com/UniversalDependencies/UD_French-Sequoia
(67 https://github.com/UniversalDependencies/UD_French-GSD
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from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=30000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-fr")

X 46: 7 7 v AR b — 27 F A4 FDOIERK

from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-fr",model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]","[SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-fr")
tkz.save_pretrained("my-dir/roberta-fr")

47: 7 5 v AEE I = RoBERTa & 7V DK

lpython -m esupar.train my-dir/roberta-fr my-dir/roberta-fr-upos

48: 7 7 ¥ AGBIT GG - 47D ZURAT S =€ 7L O BifE
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R4 - P27 PV 768 KL E V) PRNIDDETIVICLTED, CPUZLS 1K
FIREEE, GPU 726 10 TREZETIETE £ 77

212, my-dir/roberta-fr & UD_French-Sequoia * UD _French-GSD 2> 5 | il fif 5 « £
0 ZF f#HTE 7V my-dir/roberta-fr-upos Z 8/ L £ L & 9 (X48), 772, BEEATHIRL Y
NI RLDEFNIPCRHNE C, GPU T 3RHIBE» 2> TLEFWE T,

9 % < my-dir/roberta-fr-upos 23 EHETE 7 5| esupar TT A F L TAHAE L & 9 (X49),
esupar [3#fi&aEZ UPOS I 5B W TH R —F (X50) LTED, 2D ZIFEHT Tl Taux
Z2FEE LTHBL £9,

!pip install esupar

import esupar

nlp=esupar.load("my-dir/roberta-fr-upos")

doc=nlp ("Il ne peut pas préter attention aux articles contractés")
import deplacy

deplacy.serve(doc,port=None)

root obl:arg

nsubj Xcomp case
advmod advmod l objw l det— amod
(pRON)  (ADV) VERB ADV (verB) (NOuUN) (ADP) DET NOUN) (VERB)
Il ne peut pas préter attention aux articles contractés

49: 77 v AFEFF WA G - (7D ZIRIT ZEF DT A b

'pip install deplacy transformers
class SeqL(object):
def __init__(self,bert,aggr="none"):
from transformers import pipeline
self.pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"
def call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]

u="# text = "+text.replace("\n"," ")+"\n"

for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"
u+="\t".join([str(i),text[s:el,"_",pl+["_"1*5+[m])+"\n"

return u+"\n"
nlp=SeqL ("my-dir/roberta-fr-upos")
doc=nlp ("Il ne peut pas préter attention aux articles contractés")
import deplacy
deplacy.serve(doc,port=None)

(prON)  (ADV)  (verB) (Abv) (verB) (NOuN) (ADP+DET) (NOUN) (B-VERB) (I-VERB)

| ne peut pas préter attention aux articles contract és

Xl 50: 7 7 ¥ AR EA S - 4R D ZTENT S =€ 7L T UPOS 5
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6 A ififhi
6.1 FA ViEUDIZET 5 Malfts &% 0 32 @t

Trankit™Z, XLM-RoBERTa % X — R (2, BEEEATHIRR D R ET 7 LT XL %
K4 72 FEEMNT 1923 LT £ 9, Google Colaboratory =@ Trankit Z H\>CT, FA Vi

DI TIm Krankenzimmer sah er krank aus aber wollte gut aussehen| % /il fif 5« 12 D 32
JET T2 707720, ZORMREZMSIITRLET,

'pip install trankit transformers deplacy

import trankit

nlp=trankit.Pipeline("german")

doc=nlp("Im Krankenzimmer sah er krank aus aber wollte gut aussehen")
import deplacy

deplacy.serve(doc,port=None)

root

conj
compound:prt CC

Xcomprs aux

case
det— ‘—oblj —nsubj advmod-
(noun) (vers) (Pron) (aDd) (aDbP) (ccond)  (Aux) VERB
NN PPER ADJD PTKVZ KON

APPR ART VVFIN VMFIN ADJD VVINF

Im fleime sah  er Kkrank aus aber wollte gut aussehen
51: Trankit I & % F A Y EEDLR D 32\ ) @A

FA YEEUD &, BEEOHOWIIEF IR Td, K51 @ m Krankenzimmer; Tl
faeag "Imy ZAMEE "Ing EEE Tdemy D2 FEICoHEL <) —77, BHARETH S
MKrankenzimmer (X 135& LTH#>o T3, ZDFEHE, "Krankenzimmer) 2> & Hif{& G
~case 2%, il det YN T E§, Tausseheny 7 E47BEENE]IE. BEL TwZew
LA 1EEE LTk, DEEL Tw 313 25EE LTk & FIREIC compound:prt T#
CL EWIIIL—IUBERHINTET, FERE LT Tsahy 205 Taus; ~~compound:prt %3
BN TwET, £/ Tsahy 2261%, FiE Tery 23nsubj T, #liih Tkrank, %% xcomp T,
FHEAHEE TKrankenzimmer) 230bl T, ZNZ 1V C\ %9, Tsahaus) & Taussehen,
B I LTV, conj TEBIN TV T, Taussehen) 205 1%, BFia Taber) 2%cc T,
BhEhE Twolltey 23%aux TEBNTW X7, fligh "guts 1& advmod TEHNLT W £ 923,
Z#Ud xcomp DI DEYIZ EFZEZ S NE T,

B, FAYVIEUDDRYZIT Y 7icix, £4 & compound:prt iz, ZEjFEEZET
nsubj:pass - csubj:pass - aux:pass. FHEAHEEDOEI{ET %2 £ T obl:agent, T (Biff 3
) DRMEHIEEZ 22 3 obl:arg, FTH %269 det:pos - nmod:poss. FHFREIE I & 1 % P
R4 % £ T explpv bV 5L E F1681)

8Ihttps://universaldependencies.org/de/#relations-overview
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6.2 KA ik3I=RoBERTa 7 )D&

Google Colaboratory |- ® esuparl®! ¢, FA ViE I = RoBERTa E 7 )V 2 8fEL TA X
L&, FIEZK52~551Z" L £7,

AN, FRD 7= DXLEZHER L £ L & 9 (IX52), train.txt DXXFEDOMELE LT, Z
Z T3 UD_German-HDT® Z JGIC L TV E §83, ARG, FA Y EEDMhD % 1
HITE2DHWNTL &9, %EB. UD_German-HDT O CoNLL-U 7 7 A V%, falfts: -
RO ZUIEHTOYFICO VX,

'pip install esupar pytokenizations

import os

url="https://github.com/UniversalDependencies/UD_German-HDT"
d=os.path.basename (url)

'test -d {d} || git clone --depth=1 {url}

Ifor F in train dev test ; do cat {d}/*-$$F*.conllu > $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt

X 52: FA ViEEk 3 =€ FNVEWED 7= & O Ul

felF T, FA VEERIS b —72 + A4 ¥ %, my-dir/tokenizer-de IZfF L £ L £ 9, X 53T
l%. Transformers @ BertTokenizerFast Z > T, FA ViEMIF b —2 F A FZ2/EB L T
Wk T,

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]"," [SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=30000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-de")

X 53: KA V&AL b —27 F A4 ¥ OVER

R train.txt DLEAH> 5, RoBERTa E 7L % my-dir/roberta-de 12 L £ L X I,
54 Tld. AR 128 F—7 v « AR PV 256 Kot « RS 120 - 77 v av
~y R4 - PN 7 BV 768 KL E V), RPN ODETINICL TV X T, GPU
TYH 1 ERE»P->TLEF0ET,

%12, my-dir/roberta-de & UD_German-HDT 2> 6, it 5 « {2 ) Z 1T @HT€ 7L
my-dir/roberta-de-upos Z #fEL ¥ L k 9 (XI55), 9 % { my-dir/roberta-de-upos 23HAET
E7:56, esupar TT AP LTAHZEL &9 (K56), esupar lEffiariE%z UPOS {5128 W T
YHR—F 57 LTED, RO TIE Imy 22558 LTUHL £,

(Thttps://github.com/UniversalDependencies/UD_German-HDT
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-de" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]"," [PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-de")
tkz.save_pretrained("my-dir/roberta-de")

X 54: F A4 ViE I = RoBERTa & 7L DR

!python -m esupar.train my-dir/roberta-de my-dir/roberta-de-upos .

X 55: F A &R S - £2 0 ZIT T S =€ 7 1L O 8fE

!pip install esupar

import esupar

nlp=esupar.load("my-dir/roberta-de-upos")

doc=nlp("Im Krankenzimmer sah er krank aus aber wollte gut aussehen")
import deplacy

deplacy.serve(doc,port=None)

root

conj
compound:prt CC

xcomp aux
—nsubj advmod-

o det— bl

v v o
ﬁiﬂ DET (noun)  (vErB) (PRON)  (ADJ) (ADP) (ADv) (Aux) ADJ (VERB
Im flime  sah  er krank aus aber wollte gut aussehen

Xl 56: FA VBRGNS - RO ZIEHTI =T LDT A
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!pip install deplacy transformers
class SeqL(object):

def __init__(self,bert,aggr="none"):

from transformers import pipeline
self .pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"

def __call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]
u="# text =

"rtext. replace("\n" , n n)+u\nn
for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"

ut="\t".join([str(i),text[s:el,"_",pl+["_"]1*5+[m])+"\n"
return u+"\n"

nlp=SeqL ("my-dir/roberta-de-upos")

doc=nlp("Im Krankenzimmer sah er krank aus aber wollte gut aussehen")
import deplacy

deplacy.serve(doc,port=None)

(apP+DET)(B-NOUN]) (I-NOUN) (VERB) (PRON)  (ADJ) (ADP) (ADv) (Aux) (ADJ)

(vERB)

Im Kranken zimmer sah er krank aus aber wollte gut aussehen

57: B A Y iEM SEMN S - 4R D 2T @ S =€ 7L TD UPOS {45
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7 A7 V¥5E

71 A7V FEEUD BT 5 Ml S & 6% D 320 T

Trankit!>>! ci XLM-RoBERTa % ~\— 212, BHEITHVIIGR D 2T 7 L 3 ) XL %,
K4 72 FEEANTICFEEE L T E T, Google Colaboratory | Trankit Z V2T, 474
RE DI rIn de ziekenkamer zag hij ziek uit maar wilde goed uitzien; % fialff5 « £2 0 %
T 2707708, ZORREKISSITRL T, MBHHEREZR T ZEIILE
L&

'pip install trankit transformers deplacy

import trankit

nlp=trankit.Pipeline("dutch")

doc=nlp("In de ziekenkamer zag hij ziek uit maar wilde goed uitzien")
import deplacy

deplacy.serve(doc,port=None)

root

conj
compound:prt

'_LV o det— {—oblj ~nsubj%ornp l rc j Acozgvmod
ADP DET (noun)  (VERB) (PRON) [ADJ] [ADP] [CCONJ] (vERB) [Xgm (VERB)

VZlinit ~ LID|beplstanjrest  Nisoortlevlbasisiziidistan ~ WWlpv|verllev  VNWpesponpominiwol3edresc ~ ADJ|vrijjbasisjzonder ~ VZIfin ~ VGIneven WWipv|verllev ADJ|vrijlbasis|zonder  WW/inflvrijlzonder

In de nckenkamer  zag  hij z1ek u1t maar wilde goed uitzien

58: Trankit IC &k 24 7 v ¥ EEDR D 2\ fiBHT

Tuitzien) 72 E7BEFIENZ, THEL TOZRWEAIZ 1EEE LTk, JEEL TWwW 3

AE 285 E LT L HFFIC compound:prt TE, LW IH L= BEHIN TV T,
n‘ﬁ% & LT Tzagy 25 Tuity ~compound:prt M3 C w9, £/ Tzag) 22561
F55 Thijy »¥nsubj T, filiah ziek, 2% xcomp T, #HEHHEE [ziekenkamer) 2% obl T,
ZNEFNEDINTWET, Tziekenkamery 205 1%, HiER Iny 2% case T. i Mdey
Ddet TEINTWE T, Tzaguity & Twilde vitzien ) (FIFE I 11TWT, conj TEH3
TWEd, Twildey 1CIFHEHEEA "maary 23cc T, Tuitzieny %% xcomp TEIN TV E T,
Muitzien; & Tgoed) 1% advmod TEXN TV E T3, Z 4L xcomp D IF %] 72 & &
ZHNET,

BB, A7 VFEUDDRDZT Y 7IciE, 4 £ compound:prt Il A, ZEHE%R &
$ nsubj:pass & aux:pass. ZHFEDOHIEF %7 obl:agent, AT %23 nmod:pos. B
RAAFNC K 2 MEAfT 2 223 aclrelcl, FHwREIEEIC &) % P46 %2 27 expl:pv
bHW SN T,

72 F 5 v ¥EE S = RoBERTa &7/l D Hff

Google Colaboratory _|=® esupar®1C, #4 7 » #3% S = RoBERTa € 7L % 8{E L TH
FL&), FHZK9~62 TR L X7,

Yhttps://universaldependencies.org/nl/#syntax
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AN, ROz DXEZHEM L L £ 9 (X59), train.txt DXEDOMELE LT, Z
Z Cl3 UD_Dutch-Alpino!’!'' & UD_Dutch-LassySmall7?'Z JGiZ L TV E 325, fFAIZIGL .
F 7V EBOMDLEEMET E2DH WL TL X9, B, % CoNLL-U 7 7 A VX, &
NG - 4R D ZIF BT OEE IO VW E T,

!pip install esupar

import os

url="https://github.com/UniversalDependencies/UD_Dutch-Alpino"

'test -d {os.path.basename(url)} || git clone --depth=1 {url}
url="https://github.com/UniversalDependencies/UD_Dutch-LassySmall"

'test -d {os.path.basename(url)} || git clone --depth=1 {url}

Ifor F in train dev test ; do cat UD_Dutch-*/*-$$F.conllu > $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt

59: 4 7 vk S = ' TNVELED 72 D HEA

el T, A7 FRERAT F— 2 F A ¥ %, my-dir/tokenizer-nl IZfEL £ L X 9, X 60
TlX. Transformers @ BertTokenizerFast % {fi> T, 4 7 ¥ &Gk F— 27 4 F % AERK
LTWET, EHEH (vocab_size) # 8000 12> TWETH, L IHIDPLKREL LAAD
wurdh Lk,

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=8000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-nl")

X 60: & 7 v FEEIT b — 2 F A F O

RIZ train.txt DX E D5, RoBERTa € 7 )L % my-dir/roberta-nl IZ/F L L & 9,
61 Tk, AR 128 F—27 > « ATIRZ7 bV 256 Kot - RS 128 - 77 v > a v
~y F4ffl - hRIRZ FILT68 KT E VT . VNI DDEFNLIZLTED. CPU 5
1 RFRIFREE, GPU %4 5 10 A RECERTE £ 7,

%12, my-dir/roberta-nl & UD_Dutch-Alpino*UD_Dutch-LassySmall 2> & | {5+ £%
D) Z\F fEHTE 7L my-dir/roberta-nl-upos ZH#{EL £ L £ 9 (X 62), 9 % < my-dir/roberta-
nl-upos YEUYETE 7 5, esupar TT AP LTAHEL &9 (X63),

"https://github.com/UniversalDependencies/UD_Dutch-Alpino
["2Ihttps://github.com/UniversalDependencies/UD_Dutch-LassySmall

_47 —



from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-nl" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]"," [PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-nl")
tkz.save_pretrained("my-dir/roberta-nl")

Xl 61: & 5 v ##E I = RoBERTa & 7L DR

!python -m esupar.train my-dir/roberta-nl my-dir/roberta-nl-upos .

Xl 62: & 7 v &GRS - 4R D ZIF T S =€ TV OEIE

!pip install esupar

import esupar

nlp=esupar.load("my-dir/roberta-nl-upos")

doc=nlp("In de ziekenkamer zag hij ziek uit maar wilde goed uitzien")
import deplacy

deplacy.serve(doc,port=None)

root

conj
compound:prt

case advmod comp
'_LV det— {—oblj ~nsubjw l {_Cﬁ | advmod
ADP ( DET; (noun)  (vErB) (PRON)  (ADJ) (abr) (ccond) (VERB) [Xgm (VERB)

In de ieakmer zag hij ziek wuit maar wilde goed uitzien

X 63: & 7 v &GRS RO ZIBIT I €T LDT A b
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8 %Al
8.1 ¥ A4iEUDIZEIT B MNHNE

HEFIHELE L TOY A GBI, ik L HEEOMICXYI D 23% ) £ A, BFPRADH]
BICIZ, BHZ ANDZGE3H 5D TR, HEEOKYID L \w)bIFTRARCDTY,
% A 3% BERT/RoBERTa € 7L T I BRICIZ, & b — 7 v & HGE L A E 2 038
TY, LLl, ZRUIBFHICEIRELR 72O, £ — 7 VIFHELDEDICEF—27F A X
L7z kT, RII7XY) 7 (UPOS it 5) Ick > T, iz g Lo LT FENEZ SN
F9, Thbb, F—7UPHEBLAHLEAIIZUPOS % 7L E LTRIEGL, %2
I THRVERICE, RO F—7 i TB-) 21172 UPOS 2, 2N LD F—7 vic
"I-; 2772 UPOS 2, ZNnZf5T 5D TY,

'pip install deplacy transformers
class SeqL(object):
def __init__(self,bert,aggr="none"):
from transformers import pipeline
self .pipeline=pipeline(task="ner" ,model=bert,aggregation_strategy=aggr)
self.entity="entity" if aggr=="none" else "entity_group"
def call__(self,text):

w=[(t["start"],t["end"],t[self.entity]) for t in self.pipeline(text)]

u="# text = "+text.replace("\n"," ")+"\n"

for i,(s,e,p) in enumerate(w,1):
m="_" if i<len(w) and w[i] [0]<e else "SpaceAfter=No"
ut="\t".join([str(i),text[s:el,"_",pl+["_"1*5+[m])+"\n"

return u+"\n"
nlp=SeqL ("KoichiYasuoka/roberta-base-thai-spm-upos")
doc=nlp ("uAaWIGAIEILEEI")
import deplacy
deplacy.serve(doc,port=None)

(oeET) (Noun) (vErB)  (AabP)  (NOUN) (B-NuM) (I-NuMm)

“aeg A AN W L fEn

64: roberta-base-thai-spm-upos 12 & % UPOS f 5-

Google Colaboratory [~® Transformers % V> T, roberta-base-thai-spm-upos!”®C% A Gk
DFIX Tuanaiifniniided) ICUPOS 2592 7077 AL ZDfRZK 64 12731
LET, Tvanay "y T8y Tndny OFHEETIE, =27 v B2 OEIHFELGHL
TEhH., ZNZ 4 UPOS i DET - NOUN - VERB - ADP 23 5. 31T\ ¥ 9, Niden
. 220D =7 VI ERNTLESTED, ZN0Z NI B-NUM & I-NUM 231 5. S
NTWET, 8 "6 FPEFE L ABE LTI, FAGEICE W TIIEA & 8@ 130k
7 Xl 7 w2 L6, ADJ Tld7%e { VERB M5 3N TWE T,

[Ihttps://huggingface.co/KoichiYasuoka/roberta-base-thai-spm-upos
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8.2 FAEUDIIBIT AR ZIFENT

esupar i BEEZATHIRIOMR D Z T 7L ) X 4% . BERT/RoBERTa € 7L CTH
L TWwE ¥, Google Colaboratory [=? esupar Z F{\» T, roberta-base-thai-spm-upos T
HI Twanaddinindinden ) 2R DRI 27077 0L ZORRZN 65 IR L
7, AR Z R TS ZEICLEL X ),

!pip install esupar

import esupar
nlp=esupar.load("KoichiYasuoka/roberta-base-thai-spm-upos")
doc=nlp ("ualaIANINEIILELI")

import deplacy

deplacy.serve(doc,port=None)

root

bl
detj {—nsubjj l ase nummod
DET (noun)  (veEmB) | P; iNOUN' (NuMm)
W

o]
AD
“aeg W A A W e

65: roberta-base-thai-spm-upos 12 & % % A FEDLR O 3Z T bt

i JEae) T8, 12iE, Al Ty 232 DBD3->TE D, i EGE (nsubj), &
DSEHBAHEE (ob) T, 22o? Wiy X, 2N FEH Tvara) Nden) TEAiz T
B, HIFIIAFEICHIE I LT T det T, BFIIAFICHRE I LT T nummod TH
DNTWET, BED THy 1Tk, #EF "ady 2¥case TEBN TV E T,

8.3 %4 ik3I = RoBERTa <t F/)DHIff

Google Colaboratory |-® esupar T, ¥ A 53 = RoBERTa E 7 NV Z8{EL TAHAE L &
7o FMEZX 66~69 IR L £7,

R, BIBRD 7O DLEZMEf L £ L & 9 (M 66), train.txt DXLFEDMELE LT, 2
Z ClZ VISTEC-TP-TH-2021741 & UD_Thai-Corporal™! % JGiZ L T\ 23, HFAICIHL .
FAGBDMDLEZEETH5DHWVWTL & 9, traintxt & AR, FHEEZ 22 TX
Y57z token.txt HHEfF L TH D, F—7 F A FOIEEIZH %9, UD_Thai-Corpora D%
CoNLL-U 7 7 A )ViZ. trainupos IZ % & ® EIFC, WM G0 HICbHWET, T,
IN5DCoNLL-U 7 7 A VD) b RIFRIGERLE2IUD D 7 4 —= v b 2z LT\ %
H DI, train.conllu * dev.conllu - test.conllu (2571}, R D ZFENTOEEHICH HWE T,

#elF T, token.txt DAHGED G, ¥ A FEIAT F— 2 F A ¥ % my-dir/tokenizer-th {2 fF
L ZEL X9, XI67 Tk, Unigram b — 2 F A ¥ (SentencePiece!’® D SEhR) % token.txt

[741peerat Limkonchotiwat, Wannaphong Phatthiyaphaibun, Raheem Sarwar, Ekapol Chuangsuwanich, Sarana
Nutanong: Handling Cross- and Out-of-Domain Samples in Thai Word Segmentaion, Findings of the Association
for Computational Linguistics: ACL-IJCNLP 2021 (August 2021), pp.1003-1016.

"Shttps://github.com/KoichiYasuoka/spaCy-Thai/tree/master/UD_Thai-Corpora

[761Taku Kudo, John Richardson: SentencePiece: A simple and language independent subword tokenizer and
detokenizer for Neural Text Processing, Proceedings of the 2018 Conference on Empirical Methods in Natural
Language Processing (November 2018): System Demonstrations, pp.66-71.
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!pip install esupar pytokenizations

import os

url="https://github.com/mrpeerat/0SKut"

d=os.path.join(os.path.basename(url) ,"VISTEC-TP-TH-2021")

Itest -d {d} || git clone --depth=1 {url}

lcat {d}/*/*raw.txt > train.txt

Ised "s/<[">1*>//g;s/[1_1/ /g" {d}/*/*processed.txt > token.txt

url="https://github.com/KoichiYasuoka/spaCy-Thai"

d=os.path. join(os.path.basename(url) ,"UD_Thai-Corpora'")

Itest -d {d} || git clone --depth=1 {url}

s=?’’{print>"train.upos";if ($§0~/"# text = /)print substr($0,10)>>"train.txt";
if (NF==10&&$1~ /"~ [1-9] [0-9]1*$/) printf ($1>17" Y%s":"%s",$2)>>"token.txt";
if (NF>0)u=u$0"\\n";else{print>>"token.txt" ; f=FILENAME;if (u”/\\tO\\troot\\t/)
print u>(f~/-dev/7?"dev":f"/-test/?"test":"train")".conllu";u=""}3}’""’

Inawk -F’\t’ ’{s}’ {d}/*-ud-*.conllu

X 66: ¥ A 353 =€ 7T IOLVEUED 7= 8 D HEfj

from transformers import RemBertTokenizerFast

from tokenizers import (Tokenizer,models,pre_tokenizers,normalizers,processors,
decoders,trainers)

s=["[CLS]"," [PAD]"," [SEP]"," [UNK]"," [MASK]"]

spt=Tokenizer (models.Unigram())

spt.pre_tokenizer=pre_tokenizers.Whitespace()

spt.normalizer=normalizers.Sequence([normalizers.Nmt() ,normalizers.NFKC()])

spt.post_processor=processors.TemplateProcessing(single="[CLS] $A [SEP]",
pair="[CLS] $A [SEP] $B:1 [SEP]:1",special_tokens=[("[CLS]",0),("[SEP]",2)])

spt.decoder=decoders.WordPiece(prefix="",cleanup=True)

spt.train(trainer=trainers.UnigramTrainer (vocab_size=3000,max_piece_length=4,
special_tokens=s,unk_token="[UNK]",n_sub_iterations=2),files=["token.txt"])

spt.save("spt.json")

vcb=sorted(spt.get_vocab() .items() ,key=lambda x:x[1])

with open("vocab.txt","w",encoding="utf-8") as w:
print("\n".join(k for k,v in vcb),file=w)

tkz=RemBertTokenizerFast (tokenizer_file="spt.json",vocab_file="vocab.txt",
do_lower_case=False,keep_accents=True,bos_token="[CLS]",cls_token="[CLS]",
pad_token="[PAD]",sep_token="[SEP]" ,unk_token="[UNK]" ,mask_token="[MASK]")

tkz.save_pretrained("my-dir/tokenizer-th")

B 67: & A G&EF b —27 F A F DI

WZE L. ##1% RemBertTokenizerFast & V> 9 Transformers O F — 27 F 4 Il A BT
T, YAEAT P =7 FAF2ERL T F T, 3E5EE 3000 1IfK->7%2 BT, &b —7

YDOX TR RN A LT (BFEPRHMLL T2 1 ISR S) ELTVET,

KT train.txt DX EFD> 5, RoBERTa € 7 )L % my-dir/roberta-th IZ{EL £ L & 9,
68 Tld, AIME 128 b—2 v « AR bv2s6 Xt - RS 2fF - 77 v a v
~y R4l - FEIRZ7 BV 768 XL E V), RRNIDDETIIZL TV ETD, GPU

TH 1IHEBRE»2>TLEV T,

%12, my-dir/roberta-th & UD_Thai-Corpora 2> &, gl fd 5 - £2 0 Z gt 7L
my-dir/roberta-th-upos Z#fEL £ L £ 9 (X69), 9 % { my-dir/roberta-th-upos 23T & 7z

5, esupar CT A ML TAHZL kI (X70),
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-th",model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]","[SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t [0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!'!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-th")
tkz.save_pretrained("my-dir/roberta-th")

68: ¥ A 2 3 = RoBERTa & 7L DIERK

s,d="my-dir/roberta-th", "my-dir/roberta-th-upos"
Ipython -m esupar.train {s} {d} 32 /tmp train.upos
'python -m esupar.train {d} {d} 32 /// train.conllu dev.conllu test.conllu

69: ¥ A FEANT A S - 4R D SZIFRNT S =€ 7OV O EIE

!pip install esupar

import esupar
nlp=esupar.load("my-dir/roberta-th-upos")
doc=nlp ("uaaIANINRIIGLI ")

import deplacy
deplacy.serve(doc,port=None)

root

det nsubj nummod
(oE i iNOUNI VERB (aD ; NOUN (num)

“aey W @ A R RN

B 70: & A GEIANT A 5 - R D ZITT S =€ T VDT A b
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9 v 7k
9.1 VI 7iEUDIIET MmN E 1% 20T bT

Trankit®(%, XLM-RoBERTa % X — 2 (2, BEEATHIRIGR D ZI BT 729 X L%,
R4 2 SRBMNFICEEE L T 7, Google Colaboratory |- Trankit Z F\ T, v 73k
DHISL TMocksa cie3am He Bepuia a Bepuia mobsu | % fai 5« {2 0 Z 9 % 7’1
7ohE ZORREMTIIONLEY, BFEERZATHCZEIZLEL X9,

'pip install trankit transformers deplacy
import trankit

nlp=trankit.Pipeline("russian"

doc=nlp("MocKBa c/ie3aM He Bepua a Bepuaa aoben ")
import deplacy

deplacy.serve(doc,port=None)

root

nsubj

iobj conj

‘—advmodw | ;—c(;j l [_iobjw

(proPN) (NOUN) (PART) (vERB) (ccoNdJ) (VERB) (NOUN)

MockBa cie3am  He Bepuaa a  Bepuja J0o0BHU

71: Trankit 12 X 2 1 > PEEDR D 52T @7

2 ODBNE seprma, PSEE XN TWT, conj TEINTLE T, WiFICIE. HED They
p¥advmod TEESN TV, B#FITIE, Bbtad Tay 3cec TEBN TV X ¥, "Mocksa,
k. M50 Tepunay DEFETT A, HiFEIC nsubj TEBN T T, BiFEOHIWEE
Fenesamy. BEDHMWEEIX "TmobBu) T, W 4Ld obj TIEZ < iob) TEINL TV E T,
Trankit (%, 54 (narus) O HWViEZ, BIEEZHMEE (iob) 72 & A% L TL £ &9 T,

BE,. BT TEUD ORHZITY 7IciE, £4I12MA, ZEFEZ KT nsubj:pass *
csubj:pass - aux:pass. ZHEEDEFEF % #T obl.agent. BIRLEIC X 2 E A
filiz 29 aclrelcl, %G & A4 E DKL DOBIFR 2 73§ nummod:gov & nummod:entity,
K4 % £ T flatname, v > 7EELA %2 KT flat:foreign & v &1 07,

9.2 1 7iEI = RoBERTa &7/ DHYE

Google Colaboratory |- ® esupar®*¢, v 7§k I = RoBERTa € 7 )V Z 8L TAF
L&, FIHZK72~751TR L 7,

RN, FBRD 7O DLEZMEfL £ L & 9 (M 72), train.txt DXLEDMFLE LT, 2
Z Cl¥ UD_Russian-SynTagRus!"® & UD_Russian-Taiga!”' % JGIZ L TV E 28, GFAIIG

U7 https://universaldependencies.org/ru/#relations-overview

[78IKira Droganova, Olga Lyashevskaya, Daniel Zeman: Data Conversion and Consistency of Monolingual
Corpora: Russian UD Treebanks, Proceedings of the 17th International Workshop on Treebanks and Linguistic
Theories (December 2018), pp.52-65.

[71T. O. Sharvina, O. Shapovalova: To the Methodology of Corpus Construction for Machine Learning: “Taiga”
Syntax Tree Corpus and Parser, Proceedings of « CORPUS LINGUISTICS-2017» (June 2017), pp.78-84.
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'pip install esupar pytokenizations

import os

url="https://github.com/UniversalDependencies/UD_Russian-SynTagRus"

Itest -d {os.path.basename(url)} || git clone --depth=1 {url}
url="https://github.com/UniversalDependencies/UD_Russian-Taiga"

Itest -d {os.path.basename(url)} || git clone --depth=1 {url}

Ifor F in train dev test ; do cat UD_Russian-*/*-$$F*.conllu > $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt

72: @Y 7EE I — = FINVEWED 72 & D HEf

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer

s= [u [CLS] " s " [PAD] " R " [SEP] " s n [UNK] " s " [MASK] n]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=30000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-ru")

X 73: @ > PEEAT b — 27 F A4 FOIER

from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-ru" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]"," [PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-ru")
tkz.save_pretrained ("my-dir/roberta-ru")

74: a3 7 iE 3 = RoBERTa & 7LD
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U, By 7DD XEERT 20D 0WTL &9, BE, % CoNLL-U 7 7 1 Vi,
mai G« R 0 Z I OEE IS VL7,

el T, B TEERAIY F—2 A %% my-dir/tokenizer-ru IZfER L L k9, K73 T
\X. Transformers @ BertTokenizerFast Zffi>C, vy 7iERI} F—7 F A4 ¥ E2EKL C
WX,

R train.txt DX D> S, RoBERTa € 7 )L % my-dir/roberta-ru I2fEL L £ L X 9,
74 Tk, AHAIE 128 F—27 >« AARZ bV 256 Kot - RS 12 - 7T > av
~y P4l - PRI 7 PV 768 KIGE V), PRNIDDET VLTV ET,

2|2, my-dir/roberta-ru &, UD_Russian-SynTagRus * UD_Russian-Taiga @ CoNLL-U
77 ANDS, fhEftE - £/ D Z T EENTE 7L my-dir/roberta-ru-upos ZH{EL £ L & 9
(¥ 75), 9 % < my-dir/roberta-ru-upos 23T E 72 5, esupar TT AP LTHEL &9
(X1 76),

Ipython -m esupar.train my-dir/roberta-ru my-dir/roberta-ru-upos .

75: 02 TERENT ME RS - R D SZ ST S =€ 7L O RfE

!pip install esupar

import esupar
nlp=esupar.load("my-dir/roberta-ru-upos")
doc=nlp("MockBa cnesam He Bepuaa a Bepuna ntoben ")
import deplacy

deplacy.serve(doc,port=None)

root

nsubj

obj conj

{-advmods | ‘_mj l [_objj

(PrROPN) (NOUN) (PART) (vERB) (ccond) (VERB) (NOUN)

MockBa cie3am  He BECpiia a  BEpUIa J100BH

X 76: v ¥ PREAIT NS - RO ZIEI S =T ILDT AT
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10 227 94 Fikith
101 727 54 FEUDICEBT 2 MM L% D 23 bt

ﬁmmmu XLM-RoBERTa % ~\— 212, BHEITHVIIGR D 2T 7 L 3 ) XL %,
B4 2 SREMNTICHEEE L T T, Google Colaboratory |- Trankit Z T, 77 74
FREDHI L rHe CKYIIMCh Ha BTiXy iil i nacky moowuii 6pate | % ftailfif 5 - 4R O 32 b4
57077058, ZORMBREKTIIORLET, BIHRRZE T EICLEL X,

'pip install trankit transformers deplacy
import trankit

nlp=trankit.Pipeline("ukrainian")

doc=nlp("He ckynucb Ha BTiXy i i nacky nrobuii bpate")
import deplacy

deplacy.serve(doc,port=None)

root

vocative
obl conj
advmod casej l }—nmodw amod
|PART| VERB) ADP (NOUN)  (PRON) [CCONJ] [NOUN] (ADJ) NOUN

Vmpm-2s Ncfsan Pp-3f-sdn ‘Afpmsvi Nemsvy

He CKyiCb HAa BTiXy I i JIACKY J1o0uil OpaTte

77: Trankit IZ X %7 7 7 4 FREDR D Z T EHT

ASE 7B Texymuesy (&, IBED Hey 7%advmod TENTWLT, Zikoda
ZRLTOET, 45 (%) T6pares #%vocative TEDIINTWT, X512 Tmobuit) 53
amod TEBNTWET, erixys & Tnackys 1. WIFNd Tekynuesy DRHEMEE T
723\ conj TEBNT W5 & ﬁ“ﬁﬁ\ A& DY Tekymuen ) 1 obl TEINUTW ¥ 9, Hi
el Tway & R&E (G548 Tty 13, BI&ICZ N F i case & nmod TEBNTED., #
ien i) 13RI cc THINTVWE T,

BE. VI IATHEUDDRYRITY 7IciE, £41TMA, BHE L DIEEIH LN
TWLBRBIDTE, JARE D) LOMTIRALSE I > TE D, HEDOIPHELIEETNE T,

10.2 77 54 F it 3 = RoBERTa & 7))L O HfE

Google Colaboratory _=® esupar®®'C, 7 7 7 A kS = RoBERTa € 7 /L % #ff L T
HEL LI, PIHZIK78~81 IR L £,

NS, A D7D DLFEZHEL XL X 9 (1X78), train.txt DICEHEDOMFLE LT,
Z "C I3 UD_Ukrainian-IUBY & Ukr-Synth®1 2 J0ic L TV £ 923, HAIZIGL, 77 74

TREDMMDO X FEZHRT2DH WV TL & 9, %, UD_Ukrainian-IU - Ukr-Synth D 4%
CoNLL-U 7 7 A ViZ, trainupos IZF & & BT, Mdff S50 HICHET, Fik,
UD_Ukrainian-IU @4 CoNLL-U 7 7 £ )L &, & D ZIF BT OEFICH v £ T,

B9https://universaldependencies.org/treebanks/uk_iu/#relations-overview
Bllhttps://github.com/UniversalDependencies/UD_Ukrainian-IU
B2https://huggingface.co/datasets/ukr-models/Ukr-Synth
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!pip install esupar pytokenizations

import os
url="https://github.com/UniversalDependencies/UD_Ukrainian-IU"
d=os.path.basename (url)

Itest -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done
url="https://huggingface.co/datasets/ukr-models/Ukr-Synth"
d=os.path.basename (url)

Itest -d {d} || git-1fs clone --depth=1 {url}

lzcat {d}/data/*.conllu.gz | tr -d "\015" | cat - *.conllu > train.upos
!sed -n "s/# text = //p" train.upos > train.txt

X|78: 7 7 54 FiE I = FNEWED 72 © D i

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=30000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-uk")

X 79: 7 27 54 FEEAT F—27 F 4 FOIEK

felF T, 77 74 FEEAT b —2 A4 ¥ % my-dir/tokenizer-uk IZfER L £ L & 9,
79 Tl. Transformers @ BertTokenizerFast Zfi> T, 77 74 F5EAF F—27 F A4 %%
R L T T,

KT train.txt D XED> 5, RoBERTa € 7 /L% my-dir/roberta-uk IZ/EL L £ L & 9, X
80 Tix, AN 128 b—2 > « ABIRZ PV 256 K00 - RS 12fF - 77 v ay
~y F4ff - pfEIRZ7 FIL 768 RTTE VI, PRNIDDETNIZLTVET,

212, my-dir/roberta-uk & UD_Ukrainian-IU * Ukr-Synth 2> 5, fhadlfif 5- - £& O 32 1)
HTE 7 )L my-dir/roberta-uk-upos ZH{EL £ L & 9 (¥ 81), 9 % < my-dir/roberta-uk-upos
DEWETE76, esupar TT A FLTAHZL &9 (IX82),
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-uk",model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]","[SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t [0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-uk")

tkz.save_pretrained("my-dir/roberta-uk")

80: ™7 77 9 4 F i I = RoBERTa & 7 )L DERK

s,d="my-dir/roberta-uk","my-dir/roberta-uk-upos"
Ipython -m esupar.train {s} {d} 32 /tmp train.upos
Ipython -m esupar.train {d} {d} 32 /// train.conllu dev.conllu test.conllu

81: 7 7 74 FERENTEENE - R0 ZUEIT S =€ 7 )L ORYE

!pip install esupar

import esupar
nlp=esupar.load("my-dir/roberta-uk-upos")
doc=nlp("He ckynucb Ha BTiXy i i nacky nrobuin bpate")
import deplacy

deplacy.serve(doc,port=None)

root

discourse
obl conj
advmo:j_ casej l }—nmodw ;—ccj l ‘—amodj
(PART) (VERB) ADP (NouN)  (PRON) (ccond) (NouN)  (ADJ)  (NOUN)
He ckymncr Ha BTiXy 1l i Jacky awo0uii Opare

82: 77 74 FEERIHENG - RO ZIETI =€ T VDT A b

— 58 —




11 R )L — ik
11.1 R )L—FEUD BT 2 W0 5 &% D 32 bt

Camphr-Udify®3Z, bert-base-multilingual-cased® % X — 212, BEEEITHIRILR D Z 1T fiR
W7 ITVRXL%, 75 DFEFEITH L TBHRERICHEIE L T i 3‘ Google Colaboratory
@ Camphr-Udify Z JH\ T, X7 )L —GEDHIS THacampau intapuoT crBapae Midb Thix
y ubliX pyKax iHTOpHaT | % Ml ff 5 - RO Z T2 70770, ZOE%ZK 83
R LET, BRI Z A Tw I EicLEL &),

url="https://github.com/PKSHATechnology-Research/camphr_models"
f="en_udify-0.7.tar.gz"

Itest -f {f} || curl -LO {url+"/releases/download/0.7.0/"+f}
'pip install camphr {f} deplacy

import pkg_resources,imp

imp.reload(pkg_resources)

import spacy

nlp=spacy.load("en_udify")

doc=nlp("Hacamp3uy iHT3pPH3T cTBapae Midbl TbIX Yy UbliX pyKax iIHTIpHIT")
import deplacy

deplacy.serve(doc,port=None)

nmod
case

root

advmod
{—nsubin l [—objj [—detj

(aDv)  (NOUN) [VERB] [NOUN] [DET] (ADP) (DET) [NOUN] [NOUN]

inayalastbnbilatinbeye e Case=Loc]| eineptalie

det— nsubj

Hacampyu inmopmdt cTBapae Mlq)bl TBIX Y  YbIiX pyKax iHDpHIT

[¥] 83: Camphr-Udify |2 X % X 7 )L —5EDR D Z 1T @bt

220 Tiwmpwory 1, HiFEDY Tereapaey DFFE, #£E DY Ty upiix pykax inmopmor) &
WY AL 2 FHDEFETH D, WITND nsubj TEBNTWET, a2 T Ty usix
pykax inmprar; OWHTIX, HiER Ty 23case T, BRI Tupix) %%det TEDS
NTEH, a2 782D Texy ZBHIiL THET, XFL—IFEUD DL —V k|
Z 23 aclrelcl TEBNLZXREZZOTTH, BHTI A Timod 2> TLEF> T,
Mreix ) (3 Tmiger) Z{Effi L T T, det TEINTWET, "midsy (& Tcrsapae; OH
WEET, obj T¥2NTWwE 9, "Hacampou, ¥ advmod TENTwE7,

BB, NINV—YFEORORZTF ICIE, K4I1TIMA, ZEHEZ KT nsubj:pass &
aux:pass. XHREDHEF %277 obl:agent, BAFRMRANIC X 2 il AEHif 2 23 acl:relcl,
B & A OALDRITR % £ 9 nummod:gov & nummod:entity, 2 ¥ 2 Zfilckd %
RIGAEHIEE %2 23 advmod:discourse, [K#%# 7 flatname, X7 )V — > EDS %2 #
T flat:foreign & H > & 41 971861

B3 https://camphr.readthedocs.io/en/stable/notes/udify.html

B4 https://huggingface.co/bert-base-multilingual-cased

BDan Kondratyuk and Milan Straka: 75 Languages, 1 Model: Parsing Universal Dependencies Universally,
Proceedings of the 2019 Conference on Empirical Methods in Natural Language (November 2019), pp.2779-
2795.

Bhttps://universaldependencies.org/be/#relation-subtypes
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11.2 X)L — i I = RoBERTa € 7))L D #lff:

Google Colaboratory |- ® esuparl®! ¢, X7 )L — 3% 3 = RoBERTa €7 /L Z 8EL T
AFEL X9, FIEEZK 84~87 TR L £,

BN, RO 72D DLEZHER L £ L £ 9 (X84), train.txt DXXEHEDOMELE LT, Z
Z ClZ UD_Belarusian-HSE®"1 2 J0IC L T E §23, HAIZIGL ., XRINV—FEDOMMD L
HBEMETZ2DHVWLTL &), BB, % CoNLL-U 7 7 A Vi, fhafts - (2 0 21 fiR
WroFEEICOHVET,

!pip install esupar

import os
url="https://github.com/UniversalDependencies/UD_Belarusian-HSE"
d=os.path.basename (url)

'test -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done
!sed -n "s/"# text = //p" *.conllu > train.txt

84: NJ )N — ik I & FIVEWED 72 & D Ui

el T, NI —EEMT F— 2 F A %% my-dir/tokenizer-be IZ/FR L £ L & 9,
85 Tl&. Transformers @ BertTokenizerFast > T, X7 )V — &) F—27 F A %
PRI L TV %9, A% (vocab_size) % 8000 IZH{> TWE 23, 9P LRESC L
Towuhb LingtA,

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer
s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)
wpt.train(files=["train.txt"],vocab_size=8000,special_tokens=s)
wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s)
tkz.save_pretrained("my-dir/tokenizer-be")

85: NF ) —EEMAIT b — 2 F A FDVERK

RIZ train.txt D XE D> 5, RoBERTa € 7 )L % my-dir/roberta-be IZ{EFL L £ L & 9,
86 Tlx, AHIIME 128 F—2 v « AHRIRZ PV 256 Ryt - RS 1208 - 77 v a v
A~y F4fE - PR PV 768 RIGE VI, PRI DDETNICLTVET,

%12, my-dir/roberta-be & UD_Belarusian-HSE 2> 5, fal {5 « 4R D Z I f@tr€ 7L
my-dir/roberta-be-upos Z #fEL £ L & 9 (XI87). 9 % { my-dir/roberta-be-upos 73T
E7H, esupar TT A ML TAEL &9 (IX88),

B7https://github.com/UniversalDependencies/UD_Belarusian-HSE
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-be" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]"," [PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-be")
tkz.save_pretrained ("my-dir/roberta-be")

X 86: X )L —3 3 I = RoBERTa & 7L DR

!python -m esupar.train my-dir/roberta-be my-dir/roberta-be-upos .

X 87: X7 )L—REET NS - £R D ZIFHENT S =€ T O BIE

!pip install esupar

import esupar

nlp=esupar.load("my-dir/roberta-be-upos")

doc=nlp("Hacampay iHT3pHIT cTBapae Midbl TbIX Y UbliX pyKax iIHTIPHIT")
import deplacy

deplacy.serve(doc,port=None)

root cl
advmod case
l rnsubj ob]w [—det det— nsubj
(abv)  (nounN)  (VERB) (NOUN) DET (ADP) ET (Nnoun)  (NOUN)

Hacampyu inmopmot cTBapae Midbl THIX YbIiX pyKax HDpHT

Xl 88: X7 )L — BRI S RO ZUIEITS €T LDT A b
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12 )L E 7ik

121 ®ILVETZEUD BT 5 MG E E6% D 20 T

Camphr-Udify®3!i%. bert- base—multilingual -cased & N— AT, BEEEATHIRIGR D 321 AT
THANTY X L%, 15 DEFHEICH L THRAEWICHEE L TWE T, Google Colaboratory 9
Camphr-Udify Z V> T, 2V E T EEDH jC rMOJa 0¥ MaTH 3Hana rubaTH rMOaHuUILy J1a Ma
cupa u Macna] Zhailff G - RO R T2 70770, ZOREZME ITRL £
T, BRERZ T ZEiIcLEL 59,

url="https://github.com/PKSHATechnology-Research/camphr_models"
f="en_udify-0.7.tar.gz"

Itest -f {f} || curl -LO {url+"/releases/download/0.7.0/"+f}
'pip install camphr {f} deplacy

import pkg_resources,imp

imp.reload(pkg_resources)

from spacy.lang.sr import Serbian

nlp=Serbian()

import spacy
nlp.pipeline.extend(spacy.load("en_udify") .pipeline)
doc=nlp("Moja 61 MaTu 3Hana rmbatn rmbaHunLy Aa nma cmpa u macia™)
import deplacy

deplacy.serve(doc,port=None)

root
aux advcl conj
A

det nsubj xcom bj mark b, C
o] oo o o] oy

DET ) [Aux] [NOUN] [VERB] [VERB] [NOUN] [SCONJ] [VERB] [NOUN] (ccond) (NOUN)

Deridene-Nedfrte=Pu

MOJa 6n MaTH 3Ha1a mﬁam mﬁaﬂuuy Aa HMMa CHpa ¥ Macaa

%] 89: Camphr-Udify IZ & % &)L E 755 (F VIV XF) DR D Z T fENT

89 DFISLIL, F:fiii "Moja 6u maTu 3Hana rubatu rubanuny | & 5/ T na uma cupa u
Macha] 25 I NTE D, advel TEBN T FE T, Bhid Mspana; OFEE Tmartug 13,
IR IZ Trubarn) DFEFETHH S Z L2265, "matmy 23nsubj T, 'rubarn; 23 xcomp T
BornnEd, BhEhE Tou 1k aux TEXNCWE T, IrER4&E "™Mojas 13 Tmaruy
ZEMLTED, detDVY v 7R EL T ET, "rubannny] X "rubatn; O HIEET
HH. obj TN TWET, FAHITIE, rnaJ mark TEXNTWET, Tuma; D
HIVEEIZ Teupay & "macmay D 2-2TT D, Teupay DFih%obj TEBINLTWT, ZD4
IZ conj T "macmay 2YENTEDH, 2D F 72 cec T Tuy BWELBN TV T,

L ETEEE, ARCEF IV ALFETHINLDTTR, 77 v XFICL RIS
<mw%n1kmtmsmMm%mm&E®kwE7%:—ﬂx%\%(ui%yy$
TELNTWVE T, Camphr-Udify 12, 77 ¥ XFETEPNLZLILETED, F VLT
& [FARRICHTRIBE T, Google Colaboratory |- Camphr-Udify Z H\»C, )L E 7EED
f513C "Moja bi mati znala gibati gibanicu da ima sira i masla; % /il {5 « 4R D 321 T3
2707758 ZORERENIITRLET,

B8https://github.com/UniversalDependencies/UD_Serbian-SET
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url="https://github.com/PKSHATechnology-Research/camphr_models"
="en_udify-0.7.tar.gz"

Itest -f {f} || curl -LO {url+"/releases/download/0.7.0/"+f}
'pip install camphr {f} deplacy

import pkg_resources,imp

imp.reload(pkg_resources)

from spacy.lang.sr import Serbian

nlp=Serbian()

import spacy

nlp.pipeline.extend(spacy.load("en_udify") .pipeline)

doc=nlp("Moja bi mati znala gibati gibanicu da ima sira i masla")
import deplacy

deplacy.serve(doc,port=None)

root
aux advcl conj
A

d ‘t ] {—nsubjA{ [—xcompw }—objj ;—markj l [—objj | ;—ccj

DET) V[Afx] (NOUN) [VERB] (verB) (NOUN) (ScoONJ) [VERB] (NounN) (ccoNd)  (NOUN)

VerbForm=Inf Case=AeciGender=Femtumber=Sing 3 Case=Gen{Gender=Neuthumber=Sing

Moja bi mati znala gibati gibanict da ima sira i masla
¥ 90: Camphr-Udify IZ & 2 2V E 7 (5 7 v XF) DR Y 2Tk

mEB, LVETIHEUD DRHZT Y 7icik, £41MA, B L4 (B & R 4AE)
DIEEALDBIfR % 3 nummod:gov & det:numgov b v 541 37189,

122 )N E7IE I = RoBERTa & 7/l O8Ik

Google Colaboratory |- ® esupar®®1 ¢, )L E 73k S = RoBERTa € 7L %2 8{E L TH
FLxI, FIHZKII~IS IR L £, srtools®™ DT ZED T, XY LLFET TV
XEDOWGMEZ 5TV EHEEL £9.,

RN, A D7 O DLEZHEL £ L X9 (1X91), traintxt DILEDOMFLE LT, 2

!pip install esupar srtools

import os
url="https://www.clarin.si/repository/xmlui/bitstream/handle/11356/1063"
'test -f srWaC1.1.06.xml.gz || curl -LO {url}/srWaC1.1.06.xml.gz

s="{if ($07/"</){s="";if ($1=="</s>")print""}else{printf ("%ss",s,$1);s=" "}}’
lzcat *.xml.gz | awk ’{s}’ | fgrep -v "&" > train.txt
url="https://github.com/UniversalDependencies/UD_Serbian-SET"
d=os.path.basename (url)

'test -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done

!sed -n "s/"# text = //p" *.conllu >> train.txt

X 91: )V E 7L =% FULEWED 72 D UE(il§

BIhttps://universaldependencies.org/treebanks/sr_set/#relations-overview
P9https://gitlab.com/andrejr/srtools
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from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer

from srtools import latin_to_cyrillic

s=["[CcLS]","[PAD]"," [SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (strip_accents=False)

with open("train.txt","r",encoding="utf-8") as r:
t=latin_to_cyrillic(r.read().strip()) .split("\n")

wpt.train_from_iterator(iterator=t,vocab_size=8000,special_tokens=s)

wpt.save_model(".")

tkz=BertTokenizerFast(vocab_file="vocab.txt",strip_accents=False,never_split=s)

tkz.save_pretrained("my-dir/tokenizer-sr")

X 92: )L E FPEERIT b —27 F A4 FDIER

ZTld stWaCPlo—#8 & | UD_Serbian-SET ZJGIZ L TV E T8, #FAIIIGEL, vLE T
AHDMDOLEZIERT 2D S WTL X 9, %E, UDSerbian-SET D45 CoNLL-U 7 7
AL, NG - RO ZITETOEE IOV E T,

Wl T, traintxt DFHGEEZ X YAV LFICEHBL DD, R VETRERT F—7 F A4
% . my-dir/tokenizer-sr IZfF L £ L & 9, X192 Tld, Transformers ) BertTokenizerFast
Z2fioT, RIVETHRAIT P =7 FAFZERL T X T, FERE (vocab_size) Z 8000
WA TVWETH, )P LRES LTV LILERA,

RIZ, traintxt DILFEZ F Y NV XFITERL L 9D, RoBERTa € 7 /)L % my-dir/roberta-sr
ICEL £ L & 9, K93 Tid, AR 128 F—2 v - AR bV 256 KIG - S
12 - 7T7v>avy~y F4afl - FREIRTZ PV 768 I E VS, PRNIDDE TIVIZ
LCTwEY, S5, FULXLFDOL—=7 INIETE 77 v XFD =7 2B,
#7272 7 )V % my-dir/roberta-sr-ext IZPRFEL F L & 9 (IX194),

%12, my-dir/roberta-sr-ext & UD_Serbian-SET 2> 5, fhiif 5 « {R D Z @€ 7L
my-dir/roberta-sr-upos Z#{EL £ L & 9 (¥195), 9 % { my-dir/roberta-sr-upos 23T =
725, esupar TTAFLTAEL kI, FVIMXFE T TV XFOMGIMEZ 5133 T
T, 7272, X196 DTl Trubarn rubannny ) ZEEH4FE LR LTLE>TED,
89 LIFHEAZHERICHH>TVWBE LI T,

OUhttp://nlp.ffzg.hr/resources/corpora/sriaC
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-sr" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineCyrillic(object):
def __init__(self,file,tokenizer):
from srtools import latin_to_cyrillic
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[latin_to_cyrillic(s.strip()) for s in r if s.strip()!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer (args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineCyrillic("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-sr"
tkz.save_pretrained("my-dir/roberta-sr")

93: 2 )L ¥ 73E I = RoBERTa & 7L DR

import torch,srtools
from transformers import BertTokenizerFast,AutoModelForMaskedLM
tkz=BertTokenizerFast.from_pretrained("my-dir/roberta-sr")
mdl=AutoModelForMaskedLM.from_pretrained("my-dir/roberta-sr")
n,s,m=len(tkz) ,tkz.all_special_tokens,tkz.model_max_length
c=[t if t in s else srtools.cyrillic_to_latin(t)

for t in tkz.convert_ids_to_tokens(range(n))]
t=[False]*n+[True] *tkz.add_tokens(c)
e=mdl.resize_token_embeddings (len(tkz))
with torch.no_grad():

for i,j in enumerate(tkz.convert_tokens_to_ids(c)):

if t[j]:
e.weight[j,:]=e.weight[i,:]
t[jl=False

mdl.set_input_embeddings (e)
mdl.save_pretrained("my-dir/roberta-sr-ext")
with open("vocab.txt","w",encoding="utf-8") as w:

print("\n".join(tkz.convert_ids_to_tokens(range(len(tkz)))),file=w)
tkz=BertTokenizerFast (vocab_file="vocab.txt",strip_accents=False,never_split=s,

model_max_length=m)
tkz.save_pretrained("my-dir/roberta-sr-ext")

94: &)L E 7 #E 3 = RoBERTa & TIILDHLER (7 7 ¥ X FHE)
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!python -m esupar.train my-dir/roberta-sr-ext my-dir/roberta-sr-upos .

95: &)L E 7 EEAN MEEN G - FR D ZIT T S =€ T OB

!pip install esupar
import esupar

nlp=esupar.load("my-dir/roberta-sr-upos")

doc=nlp("Moja 61 mMaTV 3Hana rmbatn rnbaHuLy fa uma cmpa n macna')
import deplacy

deplacy.serve(doc,port=None)

root

advmod
aux advcl conj

rnsubj— }—objw [—flatj ;—markj l [—objj | ;—Cﬁ l

(DET) (aux) (noun) (verB) (PropN) (PROPN) (scoNd) (VERB) (NOuN) (ccond) (NOUN)

Moja ©Om maru 3Haja rudaru rfammmy Ja MMa cHpa M Macia

96: £V & TEEA MRS - R D ZIET S =T VDT A b
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13 a7 7k
13.1 2 07PF7EUDICBT 2 MEME L5 D 523 h

Trankit?®ld, XLM-RoBERTa 2 X — 22, BHEITIIRGR O Z I 7L ) XL %,
B4 2 SRBMANFICEEE L T 7, Google Colaboratory |- Trankit Z FH\»C, 7 a7
7 #EDHISL "Moja bi mati znala gibati gibanicu da ima sira i masla; % falfl 5 - R D32
JET T2 776l ZOMREKITISRL £9, BT REZ R TS ZEICLE
L&

'pip install trankit transformers deplacy

import trankit

nlp=trankit.Pipeline("croatian")

doc=nlp("Moja bi mati znala gibati gibanicu da ima sira i masla")
import deplacy

deplacy.serve(doc,port=None)

root
aux advcl

[_H d"t ] {—nsubin Fxcompw [—objj ;—markjl[—objj| ;_Cle
DET (aux) (noun) (verB) (veEmrB) (Noun) (sconNd) (vERB) (NOUN) (ccond) (NOUN)

Vmr3s Ncmsg Cc

Psifsn Vmp-sf

Moja bi mati znala gibati gibanict da ima sira i masla

97: Trankit IC Kk % 7 0 7 F PEEDLR D 32 ENT

97 DHFISCIE, F i "TMoja bi mati znala gibati gibanicu; & §&f4:fiii "da ima sira i masla;
ORI INTE D, advel TR TV E T, 8@ Tznalay O FEE "matiy 13, FIKHC
rgibatiJ @EE%ET %) % T LE056 . rmatiJ YN nsubj T. rgibam 73§XCOmp T%%iﬁﬂ‘(l/)
£9, BiEhE Thiy (3 aux TEANTWE T, FrAR%E] "Mojay 3 "mati; Z{EHfiL <
Bh, detd) v 7 h55E LT T, Mgibanicus 13 Tgibatiy DHMEETSH D, ob] T
HBRTOET, FAHITIE, Tday 2 mark TE2N T E T, Tlimay OHMEIE Tsira)
& Tmaslay ©25CTFH, Tsiray DF5%30bj THANTLT, 2 DI conj T Mmasla
DEPNTED, 2OFEMCceT Ty MEXINTHET,

¥, 707 FTHEUD DR TS ZICiE, #4I1TMA, WHFAOHERBGHTELZ KT
advmod:emph, #il & ARAF DR ZLDOBIR 2 % detinumgov, 7 1 7 F 7iEUS &
727 flat:foreign v o 37192,

13.2 77 F 7k I = RoBERTa & 7))L D Hiff

Google Colaboratory |- ® esupar®*¢, 7 v 7 F 75k 3 = RoBERTa €7 V%2 8fEL T
HEL &), PIHZEK8~101ITRL 7,

BN, FIBED 7O DLEZHEHL £ L X 9 (X98), train.txt DXFEOMELE LT, 22
T3 UD_Croatian-SET3 & hr500k* 27012 L TR £ 23, HAIEC, 717 F 7iEofl

2lhttps://universaldependencies.org/treebanks/hr_set/#relations-overview
®3https://github.com/UniversalDependencies/UD_Croatian-SET
P4 https://huggingface.co/datasets/classla/hr500k
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!pip install esupar

import os
url="https://github.com/UniversalDependencies/UD_Croatian-SET"
d=os.path.basename (url)

Itest -d {d} || git clone --depth=1 {url}

!for F in train dev test ; do cp {d}/*-$$F.conllu $$F.conllu ; done
url="https://huggingface.co/datasets/classla/hr500k"
d=os.path.basename (url)

'test -d {d} || ( git clone --depth=1 {url} ; cd {d} ; unzip data_ner.zip )
Icat {d}/data_ner/*.conllu *.conllu > train.upos

Ised -n "s/"# text = //p" train.upos > train.txt

98: 7 a7 F Vit I = FI)IVEWED 72 © D U

from transformers import BertTokenizerFast

from tokenizers import BertWordPieceTokenizer

s=["[cLs]","[PAD]","[SEP]"," [UNK]"," [MASK]"]

wpt=BertWordPieceTokenizer (lowercase=False,strip_accents=False)

wpt.train(files=["train.txt"],vocab_size=8000,special_tokens=s)

wpt.save_model(".")

tkz=BertTokenizerFast (vocab_file="vocab.txt",do_lowercase=False,
strip_accents=False,never_split=s)

tkz.save_pretrained("my-dir/tokenizer-hr")

X 99: 7 a7 F PEEAT F— 27 F A4 FOIER

DXEZIERET 5D H W TL &9, %4, UD_Croatian-SET * hr500k D% CoNLL-U 7 7
A VIE, train.upos ICF & & BT, WAt G DEEICHWE T, £7. UD_Croatian-SET
D4 CoNLL-U 7 7 A )Vid, RO ZUIEFOFEE IS X T,

felF <, 7ua7F TREA F—2F A %, my-dir/tokenizer-hr IZ/ELL £ L & 9,
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from transformers import (AutoTokenizer,RobertaConfig,RobertaForMaskedLM,
DataCollatorForLanguageModeling,TrainingArguments,Trainer)
tkz=AutoTokenizer.from_pretrained("my-dir/tokenizer-hr" ,model_max_length=128)
t=tkz.convert_tokens_to_ids(["[CLS]","[PAD]"," [SEP]"," [UNK]"," [MASK]"])
cfg=RobertaConfig(hidden_size=256,num_hidden_layers=12,num_attention_heads=4,
intermediate_size=768,max_position_embeddings=tkz.model_max_length,
vocab_size=len(tkz) ,tokenizer_class=type(tkz).__name__,
bos_token_id=t[0] ,pad_token_id=t[1],eos_token_id=t[2])
arg=TrainingArguments (num_train_epochs=3,per_device_train_batch_size=64,
output_dir="/tmp",overwrite_output_dir=True,save_total_limit=2)
class ReadLineDataset(object):
def __init__(self,file,tokenizer):
self.tokenizer=tokenizer
with open(file,"r",encoding="utf-8") as r:
self.lines=[s.strip() for s in r if s.strip(Q!=""]
__len__=lambda self:len(self.lines)
__getitem__=lambda self,i:self.tokenizer(self.lines[i],truncation=True,
add_special_tokens=True,max_length=self.tokenizer.model_max_length-2)
trn=Trainer(args=arg,data_collator=DataCollatorForLanguageModeling(tkz),
model=RobertaForMaskedLM(cfg) ,train_dataset=ReadLineDataset ("train.txt",tkz))
trn.train()
trn.save_model ("my-dir/roberta-hr")
tkz.save_pretrained("my-dir/roberta-hr")

X 100: 7 1 7 F 73E 3 = RoBERTa & 7 )L DERK

s,d="my-dir/roberta-hr","my-dir/roberta-hr-upos"
!python -m esupar.train {s} {d} 32 /tmp train.upos
!python -m esupar.train {d} {d} 32 /// train.conllu dev.conllu test.conllu

101: 7 a7 F 7EEET EN G - (R0 ZTHENT S =€ 7 Lo

!pip install esupar

import esupar

nlp=esupar.load("my-dir/roberta-hr-upos")

doc=nlp("Moja bi mati znala gibati gibanicu da ima sira i masla")
import deplacy

deplacy.serve(doc,port=None)

root
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Moja bi mati znala gibati gibanicu da ima sira i masla
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