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Hugging Face
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https://huggingface.co/
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HUGGING FACE

%3 TECH & SCIENCE

Our science contributions

We're on a journey to advance and democratize NLP for
everyone. Along the way, we contribute to the
development of technology for the better.


https://huggingface.co/
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Hugging Face

Solving NLP, one commit at a time!
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@ NYC + Paris (}7 https://huggingface.co/ [::Verified :I

0 Packages 2 People

B Repositories 34

Pinned repositories

15 [ Projects

& transformers

@ Transformers: State-of-the-art Natural Language
Processing for Pytorch and TensorFlow 2.0.

o329k sk

@ Python

[ tokenizers
¥k Fast State-of-the-Art Tokenizers optimized for
Research and Production

vr3ek Y251

Rust

& nlp
@nlp - Datasets and evaluation metrics for Natural

Language Processing in NumPy, Pandas, PyTorch and

TensorFlow

T3k %222

@ Python

Q awesome-papers
Papers & presentation materials from Hugging Face's

internal science day

Yr15k %7

https://qithub.com/huggingface

B swift-coreml-transformers
Swift Care ML 3 implementations of GPT-2,
DistilGPT-2, BERT, and DistilBERT for Question
answering. Other Transformers coming soon!

Yroa2 %103

Swift

B knockknock

B @Knock Knock: Get notified when your training
ends with only two additional lines of code

Yo7k %146

@ Python



https://github.com/huggingface

Hugging Face

Package Goal

« Transformer 7|gt (masked) language model €1 2|& K&
transformers N

. 7|9.|' | (pretrained) EE" HHH_-

o - transformers package O|lM Ar&E = U= subword ESLIO|X St&

tokenizers N
» transformers 2 22|&|0] CtE X0 O[&Y = JUSLICL
ﬂ_|Q ° E||O|E-| Al DI NLP tasks & 7|‘ I'IE (evaluation metrics) X'” o

- dataset = tokenizer > models 2| &10{ 22 st&50f ot M WEHS X|AShL Ct

https://qithub.com/huggingface
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KcBERT: Korean comments BERT

o
MM

(https://github.com/Beomi) BV HA] Z| 20| SH=Z O|&5t0{ at5 ot BERT 2 &1t

EH
O o]&¢t HO|E & Kaggle 0l 715t = L L.

o
>

 OO|He| =7t ESLIO|NS| 22 LYot 20 22 = oh5d = UASLICL

—

¥ master ~ ¥ 1branch  © 0 tags Go to file Add file ~

Dataset

%’ Beomi Release Pretrain Dataset £Ff9eaf 6daysago XD 11 commits

img update nsmc score 21 days ago KcBERT Pre-Training Corpus (Korean News Comments)

kebert-base KcBERT Base Release last month Korean Naver News Comments Corpus (cleaned)

kebert-large RELEASE: KcBERT-Large 21 days ago

LICENSE Create LICENSE last month % Beomi « updated 6 days ago (Version 1)
D READMEmd Release Pretrain Dataset 6 days ago Data Tasks Notebooks Discussion Activity Metadata Download (12 GB) New Notebook :
README.md

KcBERT: Korean comments BERT

https://qgithub.com/Beomi/KcBERT 7
https://www.kaggle.com/junbumlee/kcbert-pretraining-corpus-korean-news-comments/activity
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Hugging Face: tokenizers
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E3 CLo vocab size Of| Al

ol CHOj/HE A
_ N unlimited KoNLPy
A Ol=2 2
&l =2XF A . Hugging Face
fixed _
subword tokenizers

sent = "TELF AFENDF A2 CH

print(bert_tokenizer.tokenize(sent))
print(komoran.pos(sent, join=True))

print(komoran.morphs(sent))

1t E3LFO| X vs subword tokenizer

0SSty 717
QX CHOj/HEf A0 Z3to|2t 71
ZQAl HEja 2M (FEf BHY 7hs)
242l subwords =2 £ i

e.g) appaer - app + ear
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sent = "AEZ L7} ASICH
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Subword tokenizer
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sent = "AEL}7} AL

tokens = [ EL}, 7b</w>, MBS}, Ch</w>]

il El I_‘I-l 7|-I ADIl -6|-l E|-I
Iz AZL} 2L}

7t</w>, Ct</w>,

NESIE A
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Subword tokenizer

o[
Kl
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$1
70

il El I_I-l 7|-I ADIl -6|-l E|-I
Iz AZL} 2L}

7t</w>, Ct</w>,

ShCh

<0

= "AZL}J}

sent

tokens = [ EL}, 7b</w>, MBS}, Ch</w>]

NEQIE AT



AME 718 E3LEO|N vs subword tokenizer

« AP 7|8 ESLIO|IN = O|SSHOE W0 et 2R 2ol 7580 =L E.

« Subword tokenizer = =I5 0| O|H | At5 S&St= substring O[2tH 02 HEE
7t&d0| =5

& Mecab Komoran Bert + Covid news
[ZL7} 3 2 L7t [AZL} 7 I[EL} ##7}
AZ2LIE= AE2ELt = IAEL} = IEL} ##E=
IELE AZELE IEL E IELF ##E

AZLIO| A2 L9 AZLt 9 TE2L} ##9]



LIO| X vs subword tokenizer
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A 7|8 E =

|LFO| X vs subword tokenizer

. £ ZE0| ESLIO|FE ZRto| HOHEE AL BNL M2
=
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Hugging Face tokenizers

It Bt E subwords 2 Tetst= 8| W2t 3 71X

L Gl unit trainer normalizer boundary symbol outputs
(class name)
Byte-level BPE byte BPE [Unicode, Lowercase] HE & G vocabjson /

(ByteLeveBPETokenizer) merges.txt

[Unicode, :
Ckéahra%tF?Er%live! BPE char BPE BertNormalizer, A5 </w> V;Zarb‘éﬁ?(t/
(Char okenizer) Lowercase] ges.
SentencePiece = Of vocab.json /
(SentencePieceBPETokenizer) char BPE NFKC 0= & - merges.txt
Bert tokenizer : . Ol 57t MEQE
) : BertN I b.txt
(BertWordPieceTokenizer) char WordPiece ertNormalizer orol| ## SLAt vocab.tx



BPE vs WordPiece

« tokenizers O A= BPE 2} WordPiece trainer & A|&efL|LC}.

from tokenizers import trainers

class SentencePieceBPETokenizer (BaseTokenlzer):
#
def train(...):
trainer = trainers.BpeTrainer(

vocab_size=vocab _size,

class BertWordPieceTokenizer(BaseTokenizer):
#
def train(...):
trainer = tralners.WordPieceTrainer(
vocab size=vocab size,...

https://github.com/huggingface/tokenizers/blob/master/bindings/python/py src/tokenizers/implementations/bert wordpiece.py#L102

20


https://github.com/huggingface/tokenizers/blob/master/bindings/python/py_src/tokenizers/implementations/bert_wordpiece.py#L102

Byte-Pair Encoding (BPE)

vocab = {'1 o w </w>" : 5,
'lower</w' : 2,
'newest</w':6,

'widest</w>': 3}

num_merges = 10

# training units
i range(num_merges):
pairs = get stats(vocab)
best = max(pairs, key=pairs.get)

vocab = merge_vocab(best, vocab)

# subword tokens
vocab = {
"low</w>": 5,
"low e r </w>': 2,
"newest</w>': 6,

'wi d est</w>': 3

# merging

("e’, 's")
('es', "t")
('est', "</w>")
('1', o)
("lo', 'w")
('n', 'e’)

(‘ne’, "'w')
("new', 'est</w>")
("low', '</w>")

(W', ti)

# final units
{low</w>". 5,
Tow": 2,

‘e 2,

T 2,

'</w>': 2,
'newest</w>'": 6,
'wi': 3,

'd" 3,

‘est</w>": 3}



Hugging Face tokenizers

« transformers M= ELI0[X 2| st& 7|s= MSoHA| &L L
- D= E3JLIO[X|= pretrained tokenizer 2} 7’357 IH-Z0f

. tokenizers € 0|85t EALIO|NE ot&ol{OF gL L.

JO|'

« tokenizers Ol H|&St= EQLIO|M=2| 7|2 BN O|dlsl| &L|Ct.

I
« 0.9.0dev 7} LtZtOLt dev HTHO|7|0]] 0.81 2 LEE TtI=%5L



tokenizers.BaseTokenizer

o | 7tX] ESLIO|XN 25 BaseTokenizer & &&35tH, Ot2fe| 7| 50| 73 E|Of
« get_vocabl()
» add_tokens(), add_special_tokens()
~—normatize(-# 0.9.0dev Ol A XA = AE L Ct.
« encode() / encode_batch()
« decode() / decode_batch()

« save() vs save_model()

« tokenize() 2| 7|=0| 11 CHAl encode() € 0|3l OF BfL|LCt.

Ol A

A H

L CF,

23



tokenizers

- 624t /222 O|R|Y 012 X2 HAES O|80t0] &4 EJLIO|INS| V|55 = H &L

( very_small_corpus.txt )

ABCDE ABC AC ABD
DE AB ABC AF



tokenizers.BertWordPieceTokenizer

. vocab_size 2 min_frequency®t HASIAUSLICT
from tokenizers import BertWordPieceTokenizer

bert_wordpiece_tokenizer = BertWordPieceTokenizer()
bert_wordpiece_tokenizer.train(
files = [small_corpus],
vocab size = ,
min_frequency = 1,
limit_alphabet = ,
initial_alphabet = [],
special_tokens = ["[PAD]", "[UNK]", "[CLS]1", "[SEP]",
show_progress = True,
wordpieces_prefix = "##",
)

vocab = bert_wordpiece_tokenizer.get_vocab()
sorted(vocab, key=lambda x: vocab[x])

["[PAD]", "[UNK]', "[CLS]', '[SEP]', '[MASK]', 'a', 'b", 'c', 'd",

"#Hc', '##d', "##T']

"[MASK]"],

"#H#e',

"##b',

25



tokenizers.BertWordPieceTokenizer

- tokenize() 4! encode() & O|&StH, tokens 2F ids & 7IH=2
« ids = vocab 2| =AMCHZ 2| QIEIAQIL|CE,
encoding = bert_wordpiece_tokenizer.encode('ABCDE")

print(encoding.tokens)

print(encoding.ids)

["a', "##b', '##c', '##d', '##e']
[5, 11, 12, 13, 14]

26



tokenizers.BertWordPieceTokenizer

 lowercase=False € S|H L &XIE F K| L CF.

e train(files=) Ol = StLte| LY = @2 =5, O 7le| L=

from tokenizers import BertWordPieceTokenizer

bert_wordpiece_tokenizer = BertWordPieceTokenizer(

lowercase = False)
bert_wordpiece_tokenizer.train(files=[small_corpus], vocab_size=
encoding = bert_wordpiece_tokenizer.encode('ABCDE")
print(encoding.tokens)

print(encoding.ids)

["A", "##B', "##C', '##D', '##E']
[5, 11, 14, 12, 15]

(|

—_
o

fujo

)

27



tokenizers.BertWordPieceTokenizer

« vocab size & &2|™H B2 subwords 7 vocab S £

bert_wordpiece_tokenizer.train(
files = [small_corpus],
vocab size =

min_frequency = 1,
initial_alphabet = ['g'],
)

vocab = bert_wordpiece_tokenizer.get_vocab()

print(sorted(vocab, key=lambda x: vocab[x]))

['[PAD]", '[UNK]', '[CLS1', '[SEP1', '[MASK1®", 'a', 'b"', 'c', '

d', "##c', '##e', "##f', 'ab', 'abc', 'ac']

encoding = bert_wordpiece_tokenizer.encode('ABCDE')
print(encoding.tokens)

print(encoding.ids)

[‘abc', "##d', "##e']
[18, 15, 12]

(=13
=1

s
=]

o
=

L CF,

"##b',

‘H#

28



tokenizers.BertWordPieceTokenizer

» encode_batch &= list of str & RO} list of Encoding & return

encodings = bert_wordpiece_tokenizer.encode_batch(['ABCDE', 'abcd'])
print(encodings[0].tokens)

print(encodings[1].tokens)

["abc', "##d', '##e']
["abc", "##d']

St
=

L CF.

29



tokenizers.BertWordPieceTokenizer

 save_model & 0|83t {directory}/{name}-vocab.txt L& = vocab

 BertWordPieceTokenizer = ‘vocab.txt” Lt OF XM E+-SHL|C}

bert_wordpiece_tokenizer.save _model(
directory = './',
name = 'very_small bertwordpiece’

)

['./very_small_bertwordpiece-vocab.txt']

= NY

ef LIt

30



tokenizers.BertWordPieceTokenizer

« vocab file & 2 &H5IH s+55t vocab & 0|8 4= /JUSL|CH
« =8 &, FZ [CLS], [SEP] EZ0| &Iz, O| = MEigh &= QUG L|LC}.

bert_wordpiece_tokenizer = BertWordPieceTokenizer(
vocab_file = './very_small bertwordpiece-vocab.txt'

)

bert_wordpiece_tokenizer.encode('ABCDE').tokens

['[CLS]", "abc', "##d', '##e', '[SEP]']

bert_wordpiece_tokenizer.encode('ABCDE', add_special_ tokens=False).tokens

[‘abc', '##d', '##e']

31



tokenizers.BertWordPieceTokenizer

. BERT £ & 2X2 [SEP] 02 TE&IH 14317 W20 pair 7|52

bert_wordpiece_tokenizer.encode(
sequence = 'abcde',
pair = 'abcd'

). tokens

['[CLS]", 'abc", "##d', '##e', '[SEP]', 'abc’, '##d', '[SEP]']

&=L E

32



tokenizers.BertWordPieceTokenizer

. AFRXITE BT BHOj2 93 4 YLt

= H /7 EE T }J~td

. BIX|BH0.8.1 O A= HEO| MTHE /x| Q& LCH

bert_wordpiece_tokenizer.add_tokens(['lovit'])
bert_wordpiece_tokenizer.save_model(

directory = './",

name = 'very_small bertwordpiece_lovit')
bert_wordpiece_tokenizer = BertWordPieceTokenizer(

vocab_file = './very_small_bertwordpiece_lovit-vocab.txt'
)
vocab = bert_wordpiece_tokenizer.get_vocab()

print(sorted(vocab, key=lambda x: vocab[x]))

['[PAD]", '[UNKI', '[CLS]', "[SEP]', '[MASK1', 'a', 'b", 'c', 'd", 'e', 'f', 'g', '"##b", '

c', '##d', ‘'##e', '"##f', 'ab', 'abc', 'ac']



tokenizers.BertWordPieceTokenizer

« OpX[2H°0.8.1 O M= MEO| MU= ZX| EEL L.

« Ol ‘vocab.txt” IO X THO|E F715tH X o= AFEL

bert_wordpiece_tokenizer = BertWordPieceTokenizer(
vocab_file = './very_small_bertwordpiece_lovit2-vocab.txt")
bert_wordpiece_tokenizer.encode( 'ABCDE abg lovit').tokens

['[CLS]", 'abcde®, '"[UNK]', "lovit', '[SEP]"]

34



tokenizers.SentencePieceBPETokenizer

« SentencePiece = & | S&5t=
subwords 2| A E #+ =L Ct.

sentencepiece_tokenizer = SentencePieceBPETokenizer (

add_prefix_space = True)
sentencepiece_tokenizer.train(
files = [small_corpus],
vocab size = ,
min_frequency = 1,

special_tokens = ['<unk>'],)

vocab = sentencepiece_tokenizer.get_vocab()

print(sorted(vocab, key=lambda x: vocab[x]))

[IQUHI'{;'I: "E\': |B|r ICI: IDI: IEII IFI: T

'"_ABD', '_ABCDE"']

I_JE'\BI ,

'_ABC',

IDEIJ

I_DEI ,

I_.IE".CI ,

"_AF",

35



tokenizers.SentencePieceBPETokenizer

« add_prefix_space=True O|H

Al &Ste BO0= _ & €0[X] &

20| M o Crojo T B

—
L|CF.

zj>

sentencepiece_tokenizer = SentencePieceBPETokenizer(
add_prefix_space = False

)

sentencepiece_tokenizer.train(
files = [small_ corpus],
vocab size = ,
min_frequency = 1,
special_tokens = ['<unk>', 'lovit'],

)

vocab = sentencepiece_tokenizer.get vocab()
print(sorted(vocab, key=lambda x: wvocab[x]))

['<unk>', 'lovit', 'A', 'B', 'C', 'D', 'E', 'F"', '_', '"_A', '_
E', '_AC', '_AF', ' _ABD', 'ABCDE']

2O, False O|H



tokenizers.SentencePieceBPETokenizer

- BPE & 0| &%= EJLIO|ME2 ‘vocab.json® I} ‘merges.txt” + 7

. SH&E ESLIOIME 0|8 Mo & Jjo| TS BE Yo}

sentencepiece_tokenizer.save_model('./', 'very_small_sentencepiece')

['./very_small sentencepiece-vocab.json',
"./very_small sentencepiece-merges.txt']

sentencepliece_tokenizer = SentencePieceBPETokenizer(
vocab_file = './very_small_sentencepiece-vocab.json',

merges_file = './very_small sentencepiece-merges.txt’

)

sentencepiece_tokenizer.encode( 'ABCDE').tokens

["_ABC', 'DE']

37



tokenizers.CharBPETokenizer

 Character-level BPE = £t =F0| Al BPE & O|&75}0{ subwords =
H
5]

THOJOf| suffix 2 </w> &

charbpe_tokenizer = CharBPETokenizer(
suffix="'</w>",
split_on_whitespace_only = True
)
charbpe_tokenizer.train(
files = [small_corpus],
vocab size =
min_frequency =
)
charbpe_tokenizer.encode('ABCDE.ABC').tokens

[IJ&"BIr |C|r IDIr |E|r IJE\BC'C.;W;'I]



tokenizers.CharBPETokenizer

« CharBPETokenizer 2| 7| 24/2 s/ E=H O

= pre-tokenization

charbpe_tokenizer = CharBPETokenizer(suffix="'</w>")

charbpe_tokenizer.train(

files = [small_corpus],

vocab size =

min_frequency =
)
charbpe_tokenizer.encode('ABCDE.ABC').tokens

['AB", 'C", '"DE</w=", '"ABC</w="']

=

THTL T,
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tokenizers.BytelLevelBPETokenizer

- Byte-level BPE & 2 X7t Ottl byte 7|=2 2 BPE & HESH7| 0] 1 byte 2 HEI K]
= AL (2O, AL 7]2) 2 HEj7r HEE L L

bytebpe_tokenizer = BytelLevelBPETokenizer()

bytebpe_tokenizer.train(files = [small_corpus],
vocab _size = , min_frequency = 1)

vocab = bytebpe_tokenizer.get_vocab()

print(sorted(vocab, key=lambda x: vocab[x]))

[ = $ % & ., ") * + E / 0 1 2
‘3, 4, ‘5, ‘e, Y7, '8, "9 = ? ‘at, 'A B D
‘E*, "F', 'G", 'H', 'I', "J", L' M 0 Q ‘R, 'S T ] Vv
WX, Y, 2, L, AW ] A _ a b C 'd', 'e f g h
'it, '3, 'k, "1, 'Ymt, 'mt, o', 'p q r "t U v w X 'y', 'z’
R A I P T G S ¥ | T, '@ a « - '®,
R T TR [ e IR R R é ‘AT, A
A, AT, AT, A, BN, g, CEY, B, BT, CEY, 1, D, ot 01, e, R, 00, 06
01, ', 00, kv, v@r, (U, 00, t00, 0T, ¥Y, B, BT, tar, ta', 'ar, 'a, 'a, 'a
‘@', 'c', 'e', 'é', 'é', re', "i', 'i', 'i', 'i', 'o "A', 'O '4', 'é', 'é', 'o', '+
'e', 'u', 'a*, ‘a', ‘a', 'y, 'p', 'y', 'A', ‘&' A 'a', 'A 'a', 'cr, ¢, rCr, e
'cr, e’ 'cr, e ‘D’ 'd*, 'p', 'd', 'E', 'e’ E 'é', "E - 'E', ‘e’ 'Er, &
(AP SO S-SR IPNE S APY SO A LU S RS SRS S A SIS S &

40



tokenizers.BytelLevelBPETokenizer

« EO{MT[Z A[ESt= THO| 20| 6 E prefix 2 &

bytebpe_tokenizer.encode('ABCDE ABC').tokens

['GABCDE', 'GABC']

41



tokenizers + COVID19 72 &t&

e 4 SFO EJLIOIN BE CISMEH 70 EXO| AEL| 2t A

vocab = &g L L}

bert_wordpiece_tokenizer = BertWordPieceTokenizer()

bert_wordpiece_tokenizer.train(
files=[corpus_path], vocab_size=vocab_size)

bert_wordpiece_tokenizer.save_model(

directory='./tokenizers/BertWordPieceTokenizer/', name='covid')

['./tokenizers/BertWordPieceTokenizer/covid-vocab.txt']

ZE2E 3000 79
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tokenizers + COVID19 72 &t&

- oF ZH0| Oiot 44| ETLIO|XNE A8t 418 4 FLCt
sent_ ko = 'ME DZLHHEO| A~ Z2A2E(DZLH19) AFERDE &2 O}
tokenizers = [bert_wordpiece_tokenizer,
sentencepiece_bpe_tokenizer,
char_bpe_tokenizer,

byte level bpe_tokenizer]

for tokenizer in tokenizers:
encode_single = tokenizer.encode(sent_ko)
print(f'\n{tokenizer._class_ . name_ }')

print(f'tokens = {encode_single.tokens}")

BertWordPieceTokenizer

tOkenS - [Iﬂ%lr I:_]LEL—I'Hl'Ola‘IﬁI, |3D|.§§|r |(|r |J—_]_§L’|,19|r |)|r I’J\l.EHl; I##jl.ll I’é"x |##;_v||.|I |##§='fucl,|]
SentencePieceBPETokenizer

tokens = ['_AME", "_IEUHOH A, _HES(DELI19), C_AFERr, b, @, 2, g, "UOh]

CharBPETokenizer

tokens = ["&E</w>', "DELEO A A</wr, T EE</wet, (</wr', "DELHI9</wE, )</wet, TARERY, "Db</wer, R, 2, CELCh</we ]

BytelLevelBPETokenizer
tokens = ['11}i¢h', ‘GikKe;TeAleKil ek-il=', 'GécUilui!L', '(', 'i%Ke;leAl', *19*, ')', 'GiA-ihl', 'é&°G', 'Gii-', '&°g', 'ikogilei=']



st EJLFO|ME transformers 0| Al 0| 23}7]

. 58S 2tE 3t vocab S transformers 2| PreTrainedTokenizer Of| A O|2%tL|C}.

« transformers Oﬂ*‘l E%‘%ﬂf _‘5.;!'77" O|%E|E EE_L|-0|X'| (BertTokenizer, GPT2Tokenizer, ...) =
A

A

PreTrainedTokenizer & A£3shHL|CY

from transformers import BertTokenizer

transformers_bert tokenizer = BertTokenizer(
vocab_file = './tokenizers/BertWordPieceTokenizer/covid-vocab.txt'
)
print(f'tokenizers : {bert_wordpiece_tokenizer.encode(sent_ko).tokens}")

print(f'transformers: {transformers_bert_tokenizer.tokenize(sent_ko)}"')

tokenizers MEY, "DELEIOI M A, 2

" E 2 d
transformers: ['"HE', "DELIHOH 2", "2 E

b0, t)t, CARERT, taObr, A, el C#REIULO
b19*, "), CARERT, tesdbr, A, a2, C#REULC

O Ol
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unicodedata.normalize

-« 'NFKD' & 3t=22| A/2E 28l, 'NFKC' & A/EE Sl22 &

| S .

from unicodedata import normalize

print(normalize('NFKD', 'Jt&')) # Z& A/ FHE WTEHYH THE
print(len(normalize('NFKD', '2{&')))

print(normalize( 'NFKC', normalize('NFKD', '2tZ')))
print(len(normalize( 'NFKC', normalize('NFKD', 'JtZ'))))

2t



unicodedata.normalize

- SIHO|AM St=2 2 EO|X|TF HANE= AH/2 267t = = XYL T

for token in bert_wordpiece_tokenizer.encode(sent_ko).tokens[:3]:

print(f'len({token}) = {len(token)}"')

len(X &) = 6
len( @ ZLiHtO] o 2~) = 14
len(&38 =) = 9
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unicodedata.normalize

. OjH NFKC 2 X 2|2 HH2S|{0f SICHH ZHCHSt St 2

from unicodedata import normalize

def compose(tokens):

return [normalize( 'NFKC', token) for token in tokens]

47



KONLPy £ pre-tokenizer 2 0|-&3}7]
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failure case

S LRI
o

HE A EMT|Z pre-tokenization & =&t F 1 Z21HE
7

A
T o
tokenizers 2| input 22 Y &H5t= AL CH

print(f'input : {sent_ko}")
print(f'mecab pretok : {pretokenized}')
print(f'mecab + bert : {split_tokens}')

ZLE19) APERDE o e U

input : & DR UHIOH L HEE(D=2L o 2 E
mecab pretok : &&F D=L} HolAdA B E ( ZELE 19 ) AER 2t o2 UL
mecab + bert : HEF DEU Hol2A HEES ( ZEL 19 ) AP 2t oo ##2F B ##U T

from tokenizers import BaseTokenizer

class BertWordPieceTokenizer(BaseTokenizer):
def 1nit (self, ...):
tokenizer.normalizer = BertNormalizer(...)
tokenizer.pre_tokenizer = BertPreTokenizer()



failure case

« transformers = Rust £ 7+ &l EALI0|XZ Python O M AEE = U E EQF&=

I 7| X| 4 L|Ct. Normalizer 2} PreTokenizer = Rust & &Z0| T|X| &L|LCt.

from tokenizers.normalizers import Normalizer

class KomoranNormalizer(Normalizer):
def 1nit (self):
print('success')

"type 'tokenizers.normalizers.Normalizer' 1s not an acceptable base type"

from tokenizers.pre_tokenizers import PreTokenizer
class KomoranPreTokenizer(PreTokenizer):
def 1nit (self):
print('success')

"type 'tokenizers.pre_tokenizers.PreTokenizer' is not an acceptable base type"



failure case

- transformers = Rust £ 72 = EJL}O0|XE Python 01|*1 AN = UEF EFE
of 7| X| 2 L|C}. Normalizer 2} PreTokenizer = Rust = Ar£0| | X| ¥&5L|CH

» normalizer 2} pretokenizer & 33X RF2 ™ train 2P°H0 = & = BlELICL



KoNLPy 2 &= H|O|E 0 pre-tokenization %

A SH
T O

o str > str 2 X 2|8l= pretokenizer & BHSL|LC}.

class KoNLPyPreTokenizer:
def _ init_ (self, konlpy_tagger):
self.konlpy_tagger = konlpy_tagger
def call (self, sentence):
return self.pre_tokenize(sentence)
def pre_tokenize(self, sentence):
return ' '.join(self.konlpy_tagger.morphs(sentence))

mecab_pretok = KoNLPyPreTokenizer(Mecab())

print(f'input : {sent_ko}\npretok : {mecab_pretok(sent_ko)}"')
input ME DEUHI0I A HES(ZE2LH19) A2 A2 =Y
pretok : &Z& IELL HOlHd~ 28BS ( ZELE 19 ) AR 2F o2 & UCE
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KoNLPy 2 &= H|O|E 0 pre-tokenization %

ok
OS:F

e Mecab =

0|85t =5 H0|Hl 02 S HE~ T2 F=- LT

def prepare_pretokenized _corpus(raw_path, pretokenized_path, pretok):
with open(raw_path, encoding='utf-8') as f:
lines = [line.strip() for line in f]
with open(pretokenized_path, 'w', encoding='utf-8') as f:
for line in lines:

f.write(f'{pretok(line)}\n")

prepare_pretokenized_corpus(

raw_path = '../data/2020-07-29_covid_news_sents.txt"',

pretokenized_path = ./data/2020-07-29 covid news_sents.mecab.txt',

KoNLPyPreTokenizer (Mecab())
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KoNLPy 2 S50 0|0 pre-tokenization =&

- &2 BertWordPieceTokenizer & 0| 8% == U&LICH

from tokenizers import BertWordPieceTokenizer

bert_wordpiece_tokenizer = BertWordPieceTokenizer()

bert_wordpiece_tokenizer.train(
files = ['../data/2020-07-29 covid news_sents.mecab.txt'],
vocab size =

)

bert_wordpiece_tokenizer.save_model(
directory='./tokenizers/MecabBertWordPieceTokenizer/"',

name="'covid'

['./tokenizers/MecabBertWordPieceTokenizer/covid-vocah.txt']
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tokenizers.BaseTokenizer Of pretok H-&

« BertWordPiceTokenizer & &= 80} encode(), encode_batch() &+

class KoNLPyPretokBertWordPieceTokenizer(BertWordPieceTokenizer):
def _ init_ (self, konlpy_pretok, vocab_file, ...):
super().__init_ (...)
self.konlpy_pretok = konlpy_pretok

def encode(self, sequence, ...):

P
=

sequence self.konlpy_pretok(sequence)

encoding self. tokenizer.encode(
sequence, palr, 1s_pretokenized, add_special_tokens)

return encoding

def encode_batch(self, inputs, ...):
input_iterator = tgdm(inputs, desc='konlpy pretok', total=len(inputs))
konlpy_pretok_inputs = [
self.konlpy_pretok(sequence) for sequence in input_iterator]
encodings = self._ tokenizer.encode_batch(
konlpy_pretok_inputs, is_pretokenized, add_special_tokens)

return encodings



transformers.PreTrainedTokenizer Of pretok & -&

= AL

 BertTokenizer & M50l tokenize() & HE
from transformers import BertTokenizer

class KoNLPyPretokBertTokenizer(BertTokenizer):
def _ init_ (self, konlpy_pretok, vocab_file, ...):
super().__init_ (...)

self.konlpy_pretok = konlpy_pretok

def tokenize(self, text):
text = self.konlpy_pretok(text)
split_tokens = []
if self.do _basic tokenize:
for token in self.basic tokenizer.tokenize(
text, never_split=self.all special_ tokens):
# If the token is part of the never_split set
if token in self.basic_tokenizer.never_split:
split_tokens.append(token)
else:

split_tokens += self.wordpiece_tokenizer.tokenize(token)
else:

split_tokens = self.wordpiece_tokenizer.tokenize(text)
return split_tokens
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Hugging Face + KoNLPy (pretok)

O}

Ol AE== I{7|X|=2 Ee|o| FR/AESLICE https://github.com/lovit/huggingface konlpy

from huggingface_konlpy.tokenizers_konlpy import KoNLPyPreTokenizer
from konlpy.tag import Komoran

sent_ko = "4E DZEUH0|H A 2ES(DELN9) AFERD & 2FEHL CH
komoran_pretok = KoNLPyPreTokenizer(Komoran())
print(komoran_pretok(sent_ko))

AF ZZUHOM A 2ES ( ZEL 19 ) AR 2F A2 et s U CCh

—
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https://github.com/lovit/huggingface_konlpy

Hugging Face + KoNLPy (pretok)

from huggingface_konlpy.tokenizers_konlpy import KoNLPyPretokBertWordPieceTokenizer
from huggingface_konlpy.transformers_konlpy import KoNLPyPretokBertTokenizer
from huggingface_konlpy import compose

komoran_bertwordpiece_tokenizer = KoNLPyPretokBertWordPieceTokenizer(

konlpy_pretok = komoran_pretok)

komoran_bertwordpiece_tokenizer.train(
files = ['../data/2020-07-29 covid news sents.txt'],
vocab size = 3000)
komoran_bertwordpiece_tokenizer.save model(
directory='./tokenizers/KomoranBertWordPieceTokenizer/",

name="'covid')
komoran_pretok_berttokenizer = KoNLPyPretokBertTokenizer(
konlpy_pretok = komoran_pretok,

vocab file = './tokenizers/KomoranBertWordPieceTokenizer/covid-vocab.txt"')

indices = komoran_pretok_berttokenizer.encode(sent_ko)

tokens [komoran_pretok_berttokenizer.ids to tokens[ids] for ids in indices]

print(' '.join(compose(tokens)))

[CLS] = Z=ZUHtol s HES ( Z 2L 19 ) ARl 2F & ##= 5t [UNK] [SEP]

59



Custom 7| &0| NS Ek|X| S=7}?

« 2020.4 Of custom_pre_tokenizer O|A| ZE7t AZE E|J&LCL

« SN SSHLE &FoHA| BEL L

+ tokenizers 7} A& MY SO|L 7|0 =7t 2 Z0|2F 7|CHo5tA

from tokenizers import pre_tokenizers

class GoodCustom:
def pre_tokenize(self, sentence):

return sentence.split(" ")

def decode(self, tokens):

return ", ".join(tokens)

GoodCustom()
pre_tokenizers.PreTokenizer.custom(good_custom)

good_custom

good_pretok

o]
N

= L L
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https://github.com/huggingface/tokenizers/blob/master/bindings/python/examples/custom_pre_tokenizer.py

KoNLPy £ WordPiece £ O|&3}7]



Input

AE ZELHO[2H A Y

KoNLPy (pretok) + Bert Tokenizer
[CLS] & D2 Lt ##8f ##0] ##2{ 2 ZFF (

(RZLE19) AMEHZF S 4e

OjE29| 57

KoNLPy o| AL HEE A
O| &5t o ZLCt.

TZLE 19) AMEY 7

o[ X547 of
sl 2 EASED AaLCt

A ZE S [UNK] [SEP]

62



- O{H CIP|2 KoNLPy & M &3}

KoNLPy (pretok) + Bert Tokenizer
[CLS] ME D E L} ##H} ##0| ##2{2

e
o
=H:
rulﬁJ
Hl
rOl'
ot
>
$0
I|>
r
il

4SS (ZELE 19) AtEH 7F M ZF S} [UNK] [SEP]

b

o=l Z7tol| {IXI5H7|of
gaSh 2 EAISED Al L|C}
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- 0|2 TH?Z KoNLPy & HE¢t 7, €2HAX| &2 JEf~E =42 2Lt
. 0| 9|2 KoNLPy S ME51D 29 HEE of

EALIO|HO| & O|&F &L|E} (subword tokenizer

KoNLPy (pretok) + Bert Tokenizer

[CLS] A1F B2 L} ##Ht ##0| ##4 2 ZHS (Z2LF19) AFER 7F 12 SF [UNK] [SEP]
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KoNLPy as Word Piece Tokenizer

- 2

Tt?l 2 KoNLPy & HE%t &, =R morph £H prefix ## = F2& L|C|.

class KoNLPyWordPieceTokenizer:

def

def

__init_ (self, konlpy_tagger, wordpieces_prefix="##"):

self.konlpy tagger = konlpy_tagger

def pretokenize(eojeol):

return self.konlpy tagger.morphs(eojeol)

self.pretokenize = pretokenize

self.prefix = wordpieces_prefix

tokenize(self, sent):

def _tokenize(eojeol):

split_tokens = self.pretokenize(eojeol)
if len(split_tokens) <=
return split_tokens
return [split_tokens[0]1] + [f'{self.prefix}{sub}' for sub in split_tokens[1:1]

split_tokens = []
for eojeol in sent.split():
split_tokens += _tokenize(eojeol)

return split_tokens 65



KoNLPy as Word Piece Tokenizer

)

b

X~

HE 0|25l NCHH morphs() CHA! pos(eojeol, join=True) E O|&gfL|LC}.

class KoNLPyWordPieceTokenizer:

def

__init_ (self, konlpy_tagger, wordpieces_prefix="##"):

self.konlpy_tagger = konlpy_tagger

def pretokenize(eojeol):

return self.konlpy_tagger.pos(eojeol, join=True)

def

self.pretokenize = pretokenize

self.prefix = wordpieces_prefix

tokenize(self, sent):
def _tokenize(eojeol):
split_tokens = self.pretokenize(eojeol)
1T len(split_tokens) <=
return split_tokens
return [split_tokens[0]] + [f'{self.prefix}{sub}’' for sub in split_tokens[1:]]

split_tokens = []
for eojeol in sent.split():
split_tokens += _tokenize(eojeol)

return split_tokens 66



KoNLPy as Word Piece Tokenizer

. prefix ## & K| 7{5t2 KoNLPy 2| &3 morph[/tag] € 2XtE 2

class KoNLPyWordPieceTokenizer:

def token_to_alphabets(self, token):
1T token[:2] == self.prefix:
token = token[2:]
if self.use_tag:
return list(token.rsplit('/"')[0])
return list(token)

OF

S FHE
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KoNLPy as Word Piece Tokenizer

« tokenizers.BaseTokenizer & A&SHX| AU L] train() &+E F7IE 7ol 5L CH

class KoNLPyBertWordPieceTrainer:

def

def

__init  (self,

konlpy_wordpiece = KoNLPyWordPieceTokenizer(
konlpy_tagger, wordpieces_prefix, use_tag)

self.tokenizer = konlpy_wordpiece

train(

self,

files: Union[str, List[str]],
vocab size: 1nt = 3 s
min_frequency: int = 2,
limit_alphabet: int = 1 .
initial_alphabet: List[str] = [],

special_tokens: List[str] = ["[PAD]", "[UNK]"™, "[CLS]1",

show_progress: bool = True,

if isinstance(files, str):
[Tiles]

files

mn [SEP] mn ,

konlpy_tagger, wordpieces_prefix="##", use_tag=False):

" [MHSK] |l|] ,

alphabets initialize alphabet(files, limit_alphabet,

initial_alphabet, special_tokens, show _progress)

self.vocab = train_vocab(files, vocab_size, min_frequency,

show_progress, alphabets, self.tokenizer.tokenize)
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KoNLPy as Word Piece Tokenizer

 transformers.PreTrainedTokenizer 7} St

&=l ‘vocab.txt' 2t KoNLPy & WordPiece CH4!

0|8 = YL E BHEL|LC} base_tokenizer Bt KoNLPyWordPiece 2 A} L|Ct,

class KoNLPyBertTokenizer(BertTokenizer):

def _ init_ (self, konlpy_wordpiece, vocab_file, ...):

super().__init_ (...)

self.konlpy_wordpiece = konlpy_wordpiece

def _tokenize(self, text):

base_tokens = self.konlpy_wordpiece.tokenize(text)

split_tokens = []
for token 1n base_ tokens:

if token in self.vocab:

split_tokens.append(token)

else:

split_tokens += self.konlpy_wordpiece.token_to_alphabets(token)

return split_tokens
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KoNLPy as Word Piece Tokenizer

- Ze|El EdiLE 0|80l LI

from huggingface_konlpy.tokenizers_konlpy import KoNLPyBertWordPieceTrainer

mecab_wordpiece_notag_trainer = KoNLPyBertWordPieceTrainer(

Mecab(), use_tag=False)
mecab_wordpiece_notag_trainer.train(

files = ['../data/2020-07-29 covid _news_sents.txt'])
mecab_wordpiece_notag_trainer.save_model('./tokenizers/BertStyleMecab/', 'notag')

Initialize alphabet 1/1: 100%| HNENENENEN| 70964/70964 [00:00<00:00, 83278.38it/s]
Train vocab 1/1: 100%|HNNNENNEEN| 70964/70964 [00:14<00:00, 4853.12it/s]

from huggingface_konlpy.transformers_konlpy import KoNLPyBertTokenizer

konlpy_bert_notag = KoNLPyBertTokenizer(
konlpy wordpiece = KoNLPyWordPieceTokenizer(Mecab(), use_tag=False),
vocab_file = './tokenizers/BertStyleMecab/notag-vocab.txt'

)
print(' '.join(konlpy_bert_notag.tokenize(sent_ko)))

o E TDZU ##H0 ZBE ##( ##TD S LE ##19 ##) AEf #0212 ##ELU

—
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KoNLPy as Word Piece Tokenizer

« Mecab 2| At E X O|E9| &L LC}.

mecab_wordpiece_usetag trainer = KoNLPyBertWordPieceTrainer(Mecab(), use_tag=True)
mecab_wordpiece_usetag_trainer.train(

files = ['../data/2020-07-29 covid _news_sents.txt'])
mecab_wordpiece_usetag_trainer.save_model('./tokenizers/BertStyleMecab/', 'usetag')

konlpy_bert_usetag = KoNLPyBertTokenizer(
konlpy_wordpiece = KoNLPyWordPieceTokenizer(Mecab(), use_tag=True),
vocab_file = './tokenizers/BertStyleMecab/usetag-vocab.txt")

indices = konlpy_bert_usetag.encode(sent_ko)
tokens = [konlpy_bert_usetag.ids_to_tokens[ids] for ids in indices]

print(' '.join(compose(tokens)))

Initialize alphabet 1/1: 100%| HNNNENENEN| 70964/70964 [00:00<00:00, 79650.13it/s]
Train vocab 1/1: 100%| INNNENEREN| 70964/70964 [00:14<00:00, 4824.97it/s]

[CLS] & &E/NNG T ZLH/NNP ##HEO| 2 2 /NNG 28 E/NNG ##(/SS0 ##T = LE/NNP ##19/SN ##)/55C AFEH /NN
G ##JF/JKS o =t/XR| & U CH [SEP]




KoNLPy + BertTokenizer 2 BERT &&5}7



PreTrainedTokenizer & ZElst st~2 OHEL|LC}

from konlpy.tag import Komoran, Mecab, Okt
KONLPY = {'komoran': Komoran, 'mecab': Mecab, 'Okt': Okt}

def get_tokenizer(vocab_file, konlpy_name, use_tag=False):
if konlpy_name not in KONLPY:
raise ValueError(f'Support only {set(KONLPY.keys())}')
konlpy_bert_tokenizer = KoNLPyBertTokenizer(
konlpy_wordpiece = KoNLPyWordPieceTokenizer(
KONLPY[konlpy_name](), use_tag=use_tag),
vocab_file = vocab file

)

return konlpy_bert_tokenizer

/3



e transformers github Of| A| CtQf

- > language-modeling Off =

adversarial
benchmarking
bert-loses-patience
bertology

contrib

deebert

distillation
language-modeling
longform-ga
movement-pruning
multiple-choice
question-answering
seqZseq
text-classification
text-generation

token-classification

Of

k!
—
Q
n
~
n
|0

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

Black 20 release

[o] T =
ol A3EE

Fix it to work with BART (#6756)

prepare_seq2seq_batch makes labels/ decoder_input_ids made later. (#6654

Black 20 release

Black 20 release

Fix the TF Trainer gradient accumulation and the TF NER example (#6713)

https://github.com/huggingface/transformers/tree/master/examples/language-modeling

2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
2 days ago
yesterday
2 hours ago
2 days ago
2 days ago

yesterday
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https://github.com/huggingface/transformers/tree/master/examples/language-modeling

- Aol AT EHEE HE O E KoNLPy + BertTokenizer £ 0|-&3}0| BERT &
A

¥ master ~  huggingface_konlpy / examples /

% lovit Update training script -

[ READMEmd Update training script
[  bert_configjson Update training script
[ run_konlpy_bert.py Update training script
README.md

Example usage
Train bert with bert_config.json

python examples/run_konlpy bert.py \
--output_dir=output \
--overwrite_output_dir \
--model_type=bert \
--config_name=examples/bert_config.json \
--mlm \
--vocab_file=tutorials/tokenizers/BertStyleMecab/notag-vocab.txt \
--do_train \
--train_data_file=data/2828-87-29_covid_news_sents.txt \
--konlpy_name=mecab \
--learning_rate=1e-4 \
--num_train_epochs=3 \
--save_total_limit=2 \
--save_steps=2000 \
--block_size=512 \
--seed=42

https://qithub.com/lovit/huggingface_konlpy/tree/master/examples

Go to file Add file ~

1 hour ago ) History

1 hour ago

1 hour ago

1 hour ago
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https://github.com/lovit/huggingface_konlpy/tree/master/examples

- tokenizers FE 2|8/ huggingface_konlpy / BERT
Ofgfof =0 AL Ct.

* https://github.com/lovit/huggingface konlpy
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https://github.com/lovit/huggingface_konlpy

