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Finding the Word Boundaries

Chinese Buddhist Scripture Word Segmentation Project

©OWang Yuchun & Huang Shuling

he present age is the era
Tof big data and artificial
intelligence, and the key to the
information to be excavated in big
data resources in Chinese will be
word segmentation. Why is this
the case? In the Natural Language
Processing in Chinese, the word
(77) is the smallest independent
element. However, Chinese writing
is in units of characters (), and
characters are unlike words in
English where there is a clear
distinction between words and
between word segments, and this
often causes ambiguity. Where
native speakers are concerned,
detecting the segmentation of the
words seems to be intuitive and
easy, but in fact, it is not as simple
as one might imagine, for instance,
"second-hand vehicle " (ZFH&
Hi), aside from the "second-hand
/ vehicle", can also be broken
down as "two / mobile telephone /
vehicle". If we do not have a way
to process Chinese words correctly,
to determine the segmentation
of the words, the incorrect word
segments significantly affect
subsequent calculation processing,
such as information extraction,
sentiment analysis, or machine
translation. Therefore, in terms of
Chinese language processing, the
importance of word segmentation
is difficult to overstate, and we
need to correctly distinguish
between the segments of the words
formed by Chinese characters.

Background

Chinese word segmentation
is an important task for Chinese
language processing. In the past
decade or so, many research teams
have developed various Chinese
word segmentation methods and
systems for modern Chinese,
many of which are available for
free, such as the Jieba (#4)
system developed in China and
the CkipTagger of the Academia
Sinica. However, in the processing
of traditional Chinese, an effective
and accurate word segmentation
tool is still lacking. In terms of
Chinese Buddhist scriptures,
the vocabulary is quite different
from general Chinese documents.
The lack of appropriate word
segmentation tools makes
processing and researching
Chinese Buddhist scriptures rather
limited. In the past, CBETA have
invested considerable efforts to
produce a complete and high-
quality electronic Buddhist
scripture integration. In order to
allow CBETA data to be used
more widely, and to further
provide word-segmented texts, this
project will begin to plan the word
segmentation work of the Buddhist
scripture texts in 2018.

In order to construct an
automatic word segmentation
model using machine learning
methods, we need a sufficient
amount of manually labeled
segmentation data. However,
before manual labelling, we must
first formulate the criteria for word
segmentation to determine what
a word is. In terms of modern
Chinese word segmentation
standards, the Academia Sinica
Chinese Knowledge and
Information Processing group
(CKIP Sinica) established the
"Chinese Word Segmentation
Processing Principles"
(CNS14366) national standard
in 1999, which is currently the
most widely adopted standard
in automatic word segmentation
systems in Taiwan. However, the
foregoing word segmentation
labels are all designed for modern
Chinese, and modern Chinese is
different to ancient grammar, and
is even more different to Buddhist
grammar. For example, in terms
of vocabulary, two-syllable words
are commonly used in modern
times, while monosyllable words
are mainly used in ancient times;
ancient nouns are often used as
verbs, and the lexical ambiguity is
much higher than that of modern
Chinese. In terms of syntax, there
are also many differences in word
order, and the Buddhist scriptures
contain many compound words
that are rare in ancient Chinese.
The transliterated words and
technical terms of the Buddhist
scriptures are also very different
from traditional terms. These
differences in vocabulary and
syntax make it impossible for
us to directly adopt the word
segmentation standards and tools
of modern Chinese to carry out the
word segmentation of the Chinese
Buddhist scriptures. Therefore, in
order to apply CBETA data, we
must redefine the principles of
word segmentation in Buddhist
scriptures, and build a sufficient
training corpus by manual
labelling, in order to gradually
complete our goal of constructing
an automatic word segmentation
system suitable for Chinese
Buddhist scriptures.

Phases and Tools

Generally speaking, word
segmentation must meet the
following two conditions: (1)
the word segment has the correct
semantics in the context, and (2)
the word segment forms a unit with
independent semantics. In order
to improve the consistency and
efficiency of word segmentation,
we must first establish a set of
word segmentation principles and
practical guidelines, and design
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A Figure 1: Artificial word segmentation interface

a word segmentation tool that is
convenient to query and which can
improve consistency.

With respect to the word
segmentation principle, we refer
to the CNS14366 standard, and
gradually established the "DILA
Buddhist Scriptures Segmentation
Principle" from discussion of
its implementation. The content
includes: "The semantic meaning
cannot be combined by the
direct addition of the combined
components; the part of speech
cannot be combined from the
combined components; merging
of transliterated words; merging
of terms included in dictionaries;
segmentation of those words that
contain interpolated components;
segmentation of complex words
with more than three characters,

tc." A total of 14 basic and
auxiliary principles. All personnel
involved in word segmentation
must be educated and trained to
be familiar with these rules; after
actual word segmentation, the
results are also reviewed with each
other in order to achieve a stable
and consistent word segmentation.

For this project, we have
developed a simple and easy-to-
use web page tagging system (see
Figure 1) for efficient manual
word segmentation and tagging.
In the system, word segmenters
can consult various Buddhist
dictionaries, such as the Y7 Xing
Dictionary of Buddhist Studies, the
Ministry of Education Mandarin
Dictionary, and our customized
DILA Glossary. In addition,
one can also query the split and
combined records of a word from
the completed training corpus,
which will help to improve the
speed and consistency of marking
up.

After collecting a sufficient
number of artificially labeled and
segmented words, we use two
machine learning methods of
artificial intelligence: Conditional
Random Fields (CRF) and Long
Short-Term Memory (LSTM)

to train the model of automatic
word segmentation. Our word
segmentation accuracy is shown
in Table 1. The highest accuracy
rate has reached over 94%, which
shows that our word segmentation
system is quite effective. If Jieba
and CKIP Tagger, which are
designed for modern Chinese,
are used for Buddhist scripture
segmentation, the accuracy is only
75% and 78% (see Table 1), which
is enough to prove the importance
of Buddhist scripture segmentation
in this project. We have also
opened up the automatic word
segmentation system for Chinese
Buddhist scriptures, and the system
for building a web interface can
be used by anyone, as shown in
Figure 2.

Results and Prospects

At present, we have completed
the manual segmentation of
Buddhist scriptures of more
than 3 million characters, and
the accuracy rate of automatic
segmentation has reached over
94%.
Chinese automatic word

In contrast, the modern

segmentation system, which has
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been developed for many years,
generally has an accuracy rate of
96%, which is not far from ours.
In the spring of 2021, we have
officially opened all CBETA texts
after automatic word segmentation.
It is hoped that this result can drive
more research and text application
of Buddhist scriptures. At present,
we continue to perform artificial
word segmentation for texts of the
Chinese writing types with poor
word segmentation results, hoping
to improve the accuracy rate of
word segmentation of classics
from different periods (medieval
and modern) and different
types (sutra, vinaya, shastra,
commentary, biography, preface,
recorded sayings). In addition, in
natural language processing, the
next stage of word segmentation is
Part-of-Speech tagging. At present,
we have started to write the DILA
Part-of-Speech Tagging Manual
and have initially completed the
artificial part-of-speech tagging
of 250,000 words. Our hope for
the future is to be able to move
towards the development of an
automatic tagging system for
Buddhist scriptures.

Table 1: Project automatized word segmentation system performance

0.9461 0.9526 0.9493
0.9316 0.9328 0.9322
0.7860 0.7312 0.7576
0.7546 0.7140 0.7338
Humenity Al ITINC T ] I
M EESAN T
o B - MERRBEE - RRAE - BRED  HARE - RALH | SHOBERNA - REEEAONE - 7]
P E—— -uunu 91 ERAANRES - GOR7 . BERE . BRAA- UKL - U5 | AXN
& - A CE -1 - nme)
TAFxml (IARIE mﬂ -85 - RAMKE—EN - fLE 7 EAREN - AN n:ﬂ ltn FRLLE 7 B

CBETA-ngram

[ A0 - BN REERARN « FILLE 7 TR SR -

m

LT T Lo

SRR TR R - SRR - AR
WA - RO IR
1

i s R 1 . bt
mrs;m RS « RS N - R | TR malma
MR- . i .

- R

o0,
P07 AR+ (RRASIRY 1R/ ST » f 1 ALY Y + (WAL T /LR N AR - (RN - alulm
BT ¢ LR T M — A - BB R iy

A Figure 2: Buddhist scripture automatized word segmentation system
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