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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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7 1: drpEEE S0 YD € 7OV DT (seqeval)

i (evaluation) T A I (predict)

accuracy | F1 |precision| recall ||accuracy| F1 |precision| recal
RoBERTa-Classical-Chinese (base) || 9239 | 90.30 | 89.96 | 90.65 | 91.11 | 88.81 | 88.68 | 88.94
RoBERT-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 | 8630 | 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 | 83.30 | 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 | 80.30 | 81.16 || 83.00 | 79.06 | 78.75 | 79.37

| PR [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)+[IIE3H . IIE2II , IIE"]
i=0
if len(tokens)>80:
print("{\"tokens\" . [\n u+vv\n ,\" n .join(tokens)+"\"] ,\"tags\“ B [\Il n+u\ll ’\u " .join(tags)+"\"] }u ,file=f)
tokens=[]
tags=[]
if len(tokens)>0:
print ("{\"tokens\": [\""+"\",\"".join(tokens)+"\"],\"tags\": [\""+"\",\"" . join(tags)+"\"]1}",file=f)
3
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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7% 2: R ® SikuBERT -+ SikuRoBERTa 12 & % U] b € 7L D FEA (seqeval)

il (evaluation) 7 A b (predict)
accuracy | FI |precision| recall | accuracy| F1 |precision| recal
SikuBERT (2021.9.13 ki) 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

% 3: RoBERTa-Classical-Chinese 12 & % #r#itrhEFEDO XY D € 7L - HFEYI D € 7LD URL

YD (base)
CYID (large)

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

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

https://huggingface.co/KoichiYasuoka/roberta-classical-chinese-large-upos
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¢ 4: WML EEE UPOS Ml 5+ HEEY) b € 7L O §¥ili (seqeval)

| Universal

nE, DD, SR SikuBERT -
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ZTilli (evaluation)

7 A b (predict)

accuracy‘ F1 ‘precision‘ recall

accuracy‘ F1 ‘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 Ji) 93.80 | 90.14 | 90.08 | 90.19 || 94.11 | 91.01 | 91.07 | 90.94
SikuRoBERTa (2021.9.22 fiik) 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




#! /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 *\([~ I*\) *$/\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 ¢ 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 ||_+_u\n ’\u n .join(tokens)+"\"] ,\"tags\" . [\n u+n\n ,\n n .join(tags)+"\"] }n ,file=f)
tokens=[]
tags=[]
if len(tokens)>0:
print("{\"tokens\" . [\n n+||\|l ’\n " .join(tokens)+"\"] ,\"tags\" . [\u ||+u\n ’\u ", join(tags)+"\"] }n ,file=f)
J
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) IZ & % UPOS fhiilff 5+ HEEY ) = 7T UMEEHS = VA7 Y 7 b

# 5 BN EEE « HAEE - 4 A 38 UPOS M5+ ¥iEEY) b £ 5L 9 URL

https://huggingface.co/KoichiYasuoka/chinese-bert-wum-ext-upos
B E R https://huggingface.co/KoichiYasuoka/chinese-roberta-base-upos
https://huggingface.co/KoichiYasuoka/chinese-roberta-large-upos

https://huggingface.co/KoichiYasuoka/bert-base-japanese-upos
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8 A GE https://huggingface.co/KoichiYasuoka/roberta-base-thai-syllable-upos




