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Sentence Segmentation of Classical Chinese Texts

Using Transformers and BERT/RoBERTa Models
Koichi Yasuoka (Kyoto University)

Classical Chinese texts do not have any spaces or punctuations between words or between sentences. They consist of
continuous strings of Chinese characters from the start to the end. The analysis of classical Chinese texts has to begin
with finding out word-boundaries and sentence-boundaries, i.e. word tokenization and sentence segmentation. In this
paper we discuss the sentence segmentation of classical Chinese texts using Transformers, which is designed for natural
language processing with pre-trained language models such as BERT and RoBERTa. In the appendix we discuss the
word tokenization (and Part-Of-Speech tagging) of classical Chinese texts using Transformers.
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X 1: ZHNSRY 7L LTCOXY Y 7L XA

2 1 SR EEE (B30 YT € 7OV DR (seqeval)

i (evaluation) T A I (predict)

accuracy | FI |precision| recall [|accuracy| FI |precision| recall
RoBERTa-Classical-Chinese (base) || 92.39 | 90.30 | 89.96 | 90.65 || 91.11 | 88.81 | 88.68 | 88.94
RoBERTa-Classical-Chinese (large) || 92.36 | 90.15 | 90.03 | 90.28 | 90.60 | 88.24 | 87.97 | 88.51
SikuBERT [9] 90.64 | 87.85 | 87.64 | 88.06 || 89.05 | 86.30 | 85.72 | 86.89
SikuRoBERT [9] 90.23 | 87.50 | 86.97 | 88.04 | 89.39 | 86.75 | 86.00 | 87.52
AnchiBERT [10] 87.39 | 83.78 | 8330 | 84.27 | 85.22 | 81.71 | 81.48 | 81.93
GuwenBERT (large) [8] 86.17 | 82.62 | 82.24 | 83.00 || 84.56 | 80.96 | 80.46 | 81.46
GuwenBERT (base) [8] 84.87 | 80.73 | 8030 | 81.16 | 83.00 | 79.06 | 78.75 | 79.37

| TR (4] | 85.27 | 83.66 | 80.95 | 86.55 || 86.81 | 85.03 | 82.83 | 87.34 |
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#! /bin/sh
BERT=KoichiYasuoka/roberta-classical-chinese-base-char

pip3 install transformers==4.9.2 datasets seqeval
test -d UD_Classical_Chinese-Kyoto ||

git clone -b r2.8 https://github.com/universaldependencies/UD_Classical_Chinese-Kyoto
test -f run_ner.py ||

curl -LO https://raw.githubusercontent.com/huggingface/transformers/v‘pip3 list |

sed -n ’s/"transformers *\([~ 1*\) *$/\1/p’‘/examples/pytorch/token-classification/run_ner.py

python3 -c °’
for d in ["train","dev","test"]:
with open("UD_Classical_Chinese-Kyoto/lzh_kyoto-ud-"+d+".conllu","r",,encoding="utf-8") as f:
r=f.read()
with open(d+".json","w",encoding="utf-8") as f:
tokens=[]
tags=[]
i=0
for s in r.split("\n"):
t=s.split ("\t")
if len(t)==10 and not s.startswith("#"):
for ¢ in t[1]:
tokens.append(c)
i+=1
else:
if i==
tags.append("S")
elif i==
tags+=["B","E"]
elif i==3:
tags+=["B","E2","E"]
elif i>3:
tags+= ["BII]+ ["Mll] *(1_4)+[IIE3“ . IIE2II . IIE"]
i=0
if len(tokens)>80:
print ("{\"tokens\": [\""+"\" ,\"". join(tokens)+"\"],\"tags\": [\""+"\",\"" . join(tags)+"\"1}",file=f)
tokens=[]
tags=[]
if len(tokens)>O0:
pI'lIlt("{\"tOkeIlS\" . [\II ll+ll\ll ’\II n .jOln(tOkenS)+"\"] ,\"tags\ll . [\II ll+ll\ll ’\II n .jOln(tagS)+"\"] }ll ,file=f)
)
python3 run_ner.py --model_name_or_path $BERT --seed 1234 --train_file train.json --validation_file dev.json \
--test_file test.json --output_dir ‘basename $BERT‘.danku --do_train --do_eval --do_predict
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(b) SikuBERT * SikuRoBERTa ¢ AnchiBERT
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¢ 2: WA D SikuBERT * SikuRoBERTa (2 & % 3CY] ) £ 7L Dl (seqeval)

2Tl (evaluation) 7 A b (predict)
accuracy ‘ F1 ‘ precision ‘ recall || accuracy ‘ F1 ‘ precision ‘ recall
SikuBERT (2021.9.13 hi) 90.47 | 87.84 | 87.42 | 88.26 || 89.33 | 86.75 | 86.42 | 87.08
SikuRoBERTa (2021.9.22 i) 91.48 | 89.04 | 88.45 | 89.63 || 90.37 | 87.94 | 87.16 | 88.74

7% 3: RoBERTa-Classical-Chinese 12 & 2 {FHLUFEFEDO YD € 7)1 - HEEYI D € 571D URL

LYY (base)
XYY (large)

https://huggingface.co/KoichiYasuoka/roberta-classical-chinese-base-sentence-segmentation

https://huggingface.co/KoichiYasuoka/roberta-classical-chinese-large-sentence-segmentation

HAFEY) D (base)
HEEYI D (large)

https://huggingface.co/KoichiYasuoka/roberta-classical-chinese-base-upos

https://huggingface.co/KoichiYasuoka/roberta-classical-chinese-large-upos
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seqeval I & 2 iHllifE R %2, £41TR8T, bbb
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Transformers & RoBERTa-Classical-Chinese IZ X %
d R EEE O UPOS gl 5+ HiEEYI b € 7L %2,
HuggingFace N 726~ L 72 (£3). £/, ZOF
e, BURHPEEE [13] - HAGE [14] - # A GE [15] 1

il & [EA e, 2 SCFLA EDHEEDS
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DHFER DT, T 12 B- NUM’a’: M, 12 1-NUM % E., FOMESTHTIZL W,
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UPOS il 512 & % dy B ERE (90) HEEY) D €
7 V%, Transformers 4.9.2 @ run_ner.py IZ X %%

o A+ A2 Ik

PRON B-NUM I|-NUM NOUN CCONJ NOUN VERB

4: "™B-; -5 ZPEH L 72 UPOS &l fif 5-

Mhttps://pypi.org/project/esupar

4 P EEE UPOS dhi i 5+ HiGEYT O € 7)1 DR (seqeval)

FIHiffi (evaluation) 7 A b (predict)

accuracy | FI |precision| recall ||accuracy| FI |precision| recall
RoBERTa-Classical-Chinese (base) 94.25 | 90.78 | 90.77 | 90.78 || 94.55 | 91.62 | 91.65 | 91.60
RoBERTa-Classical-Chinese (large) || 94.53 | 91.17 | 91.22 | 91.12 || 94.93 | 92.04 | 92.10 | 91.97
SikuBERT (2021.9.13 iR) 93.80 | 90.14 | 90.08 | 90.19 || 94.11 | 91.01 | 91.07 | 90.94
SikuRoBERTa (2021.9.22 /i) 94.15 | 90.45 | 90.48 | 90.42 || 94.29 | 91.20 | 91.25 | 91.14
AnchiBERT [10] 92.73 | 88.56 | 88.63 | 88.49 || 92.61 | 88.92 | 89.04 | 88.80
GuwenBERT (large) [8] 88.17 | 82.08 | 82.41 | 81.74 || 88.85 | 83.25 | 83.77 | 82.74
GuwenBERT (base) [8] 87.18 | 80.64 | 80.98 | 80.30 || 87.67 | 81.71 | 82.29 | 81.14
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#! /bin/sh
BERT=KoichiYasuoka/roberta-classical-chinese-base-char

pip3 install transformers==4.9.2 datasets seqeval
test -d UD_Classical_Chinese-Kyoto ||

git clone -b r2.8 https://github.com/universaldependencies/UD_Classical_Chinese-Kyoto
test -f run_ner.py ||

curl -LO https://raw.githubusercontent.com/huggingface/transformers/v‘pip3 list |

sed -n ’s/"transformers *\([~ ]1*\) *$/\1/p’‘/examples/pytorch/token-classification/run_ner.py

python3 -c °’
for d in ["train","dev","test"]:
with open("UD_Classical_Chinese-Kyoto/lzh_kyoto-ud-"+d+".conllu","r",,encoding="utf-8") as f:
r=f.read()
with open(d+".json","w",encoding="utf-8") as f:
tokens=[]
tags=[]
for s in r.split("\n"):
t=s.split("\t")
if len(t)==10 and not s.startswith("#"):
for c in t[1]:
tokens.append(c)
if len(t[1])==1:
tags.append (t[3])
else:
tags.extend (["B-"+t[3]]1+["I-"+t[3]]1*(len(t[1])-1))
elif len(tokens)>80:
print("{\"tokens\": [\u n+n\u ’\u " .join(tokens)+"\"] ,\"tags\" . [\u n+n\|| ’\u n .join(tags)+"\"] }u ,file=f)
tokens=[]
tags=[]
if len(tokens)>0:
print("{\"tokens\" . [\ll "+ll\|l ’\ll n .join(tokens).‘_ll\ll] ’\"tags\" . [\ll "+ll\|l ’\ll n .join(tags).*"\ll] }ll ’file=f)
)
python3 run_ner.py --model_name_or_path $BERT --seed 1234 --train_file train.json --validation_file dev.json \
--test_file test.json --output_dir ‘basename $BERT‘.upos --do_train --do_eval --do_predict

5: RoBERTa-Classical-Chinese (base) |2 X % UPOS fiiifl 5+ HEET b € FUVEEHAS = VA7) 7k

7 50 B EEE - HASE - £ A 55 UPOS dailfd 5+ HiGEY) b € 70 @ URL

https://huggingface.co/KoichiYasuoka/chinese-bert-wwm-ext-upos
B rp s https://huggingface.co/KoichiYasuoka/chinese-roberta-base-upos

https://huggingface.co/KoichiYasuoka/chinese-roberta-large-upos

https://huggingface.co/KoichiYasuoka/bert-base-japanese-upos

A . o .
H A https://huggingface.co/KoichiYasuoka/bert-large-japanese-upos
RS https://huggingface.co/KoichiYasuoka/bert-base-japanese-luw-upos
https://huggingface.co/KoichiYasuoka/bert-large-japanese-luw-upos
5 4Gk https://huggingface.co/KoichiYasuoka/roberta-base-thai-syllable-upos

— 109 — ©2021 Information Processing Society of Japan





