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Abstract

The automatic segmentation of Chinese text is an ongoing problem in information
retrieval (IR) and computational linguistics: “words” in written Chinese are not delimited
by spaces so tokenizing (the first phase of many IR tasks) is considerably more difficult
than for Western languages.

This paper presents an overview of the segmentation problem, detailing previous
research into its solution and introduces Basis Technology’s Chinese Morphological
Analyzer (CMA), a new, general purpose hybrid segmentation system. The CMA is
Unicode based, and can handle both Simplified and Traditional Chinese text from a
variety of locales, including Mainland China, Taiwan, Hong Kong, and Singapore.

1. Introduction

With few exceptions the ﬁrslt]phase of any computational processing of written text is to separate
it into its constituent tokens." This is a well defined (and relatively trivial) task for many
languages: tokens are separated by white-space or punctuation and generally correspond to the
common definition of “word.” However, East Asian languages present a particular complication:
tokens are not separated by white space in Chinese, Japanese, or Thai. Korean is written with
intertoken white space, yet these tokens are rarely individual “words” so further analysis must be
performed.

This paper describes a system for segmenting arbitrary free-form Chinese text being
developed at Basis Technology Corporation. The segmentation engine is Unicode-based
throughout, offering numerous advantages over existing segmenters that are tied to a particular
character encoding and locale. The paper is organized as follows: Section 2 defines the
terminology and notation used in the remainder of the paper. Section 3 provides an overview of
the driving forces behind the development of the segmentation engine, giving various
applications of the segmenter. Section 4 describes the architecture and basic operation of the
segmentation engine, including the methods used for segmenting and disambiguating text.
Section 5 presents the role played by Unicode in the design and implementation of the segmenter,
and Section 6 concludes.

This paper makes no assumptions on the reader’s knowledge of spoken or written
Chinese, or on any particular knowledge of morphology, lexicography, or grammar.
Terminology will be defined as needed.

"The term ‘token’ is used instead of ‘word’ in an attempt to avoid (or at least postpone) the semantic baggage that ‘word’
carries with it. This is especially necessary when dealing with Chinese, as will be discussed later in the paper.
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2. Terminology and Notation

“Chinese” or “Chinese text” as used in this paper refers to modern written Mandarin. This
specifically excludes Classical Chinese and written Cantonese, Taiwanese, or other “dialect” of
Chinese. When a specific language is meant it will be explicitly stated.

Chinese text is romanized using the Hanyu Pinyin system, with diacritical tone marks.

For example, 32 [E A\ is romanized as Méiguorén. Unless otherwise specified, Simplified

Chinese (SC) forms are used. Written Chinese characters will be referred to interchangeably with
either the Chinese word hanzi (. *) or by its English translation “character”.
There is no perfect definition of “word” in Chinese: the distinction between ‘character’

(¢ i) and ‘word’ (ii] ci) was not even made until the early 1950s when language reform began

in the People’s Republic of China. At least one leading Chinese grammarian has gone so far as to
propose the concept of “word”, as it is used in Western linguistics, is unnecessary to describe
Chinese (Chao 1968). This rather extreme view is no longer in vogue, and much theoretical work
is being done to examine the difference between word and phrase in Modern Chinese, see
especially Packard (1997) for an excellent collection of papers on current theories. Because of
the ambiguity of the term ‘word” when discussing Chinese, its use will be avoided as much as
possible when discussing the function of the segmenter.

The terms ‘dictionary’ and ‘lexicon’ will be used interchangeably in this text, though
technically they denote different entities with different purposes and content.

3. Why Segment?

There are many applications where accurately segmented text is a necessity, or at the very least
where it is useful to know where the correct word breaks appear in a text. Some of these
applications are discussed in this segment.

Information Retrieval

One of the primary problems in information retrieval (IR) research is how best to index a huge
amount of textual data such that the precision and relevancy of queries against the index are
maximized. The idea is relatively simple: you want to choose the most important, most
meaningful words and phrases in the text so that subsequent queries will retrieve these
documents. The trick is finding the meaningful units. Much of the research in Chinese
segmentation has been done for IR (see for example Nie et al. (1996), Wu and Tseng (1995), and
Chen (1997).)

Traditionally the most common method of indexing for Chinese (as well as Korean and
Japanese) text has been through the use of n-grams: the input text is divided into as many
overlapping n character sequences as possible, and each of these are put into the index. The value
for n can range between 1 and 4, though most commonly for Chinese bigrams (or 2-grams) are
used. For example, the simple sentence

() x A 2 FEA
wo  bu shi  Zhongguorén
I not  be Chinese
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I am not Chinese

contains the following bigrams:

b) LFEA
2. N
3. s
4, W[
5. A

Of these, only two (4 and 5) are actual words.ﬂA possible segmentation of this sentence is

(©

Of these four segments, only the last has any real semantic value: the rest could be discarded and
not indexed. Several studies have compared the performance of bigramming versus segmentation
and found that, on average, bigramming out performs segmentation (Kwok 1997). However, to
date no in-depth analysis has been performed analyzing the deficiencies in segmentation that
lead to the improved performance of the simpler bigram methods.

Text Processing

When using a word processor users often want to navigate or make selections by “word,” yet the
traditional means of differentiating words in Latin writing systems is absent in Chinese. If the
word processor maintains an internally segmented version of the text then it can offer this
functionality.

Similarly, an automatic spelling corrector must have some way of finding “words” in the
text.

Machine Translation

While statistical machine translation (MT) methods are becoming more advanced, most MT
systems perform lexical analysis and generate parse trees on the input. Before either of these
tasks can take place, however, the text must be broken into tokens; it must be segmented.

The machine translation task covers not only conversion into different languages, but also
translating text between different forms of the same language. Consider the Chinese-to-Chinese
conversion problem described in Halpern and Kerman (1999) and Liu (1995): to correctly
convert between Simplified Chinese and Traditional Chinese (TC) one needs to account for
orthographic and lexical differences within a single written language. These are issues unrelated
to the already difficult problem of converting between encodings (e.g., GB2312 and Big5). For

* One can argue whether or not A& bushi (not be) is a compound word or a phrase: convincing arguments can be made
for either. However, for the purposes of this paper it is considered to be two words.
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example, the Simplified character i maps to both £ and 1. depending on the context. One
cannot rely on simple character conversion when dealing with compound words: the SC word i

. anli (secretly) could conceivably be converted into any of the following six TC versions: i

1, B, R, R, RS EE, and [ 22 (W54 is the correct version). By segmenting the text and
identifying the tokens one can achieve a much more accurate conversion between SC and TC.

Text-to-Speech

It is very important to have a segmented text when doing speech synthesis, especially for
Chinese. For example, in spoken Mandarin, when two third-tone syllables occur next to each

other the first changes to second-tone in speech (e.g., 11#] didddo is pronounced as ddodao.)
Similarly, a small number single syllable words undergo tone modification in speech depending

on their context, including — yT and /> bu. In order to correctly replicate the sound of these
words the speech generator must have knowledge of where the words in an utterance are.

Linguistic Analysis

There are several areas of linguistics where being able to find word boundaries is essential.
Assigning part-of-speech (POS) information (or “tagging”) to words in a text is a common task
in corpus linguistics, and doing this requires that the text be segmented (though probabilistic
taggers have had some success, the majority of POS taggers for Chinese are segmentation
driven). Beyond POS tagging, marking syntactic units requires the input text to be segmented
and tagged. (Chang 1993)

4. System Overview

4.1 Previous Work

This section first presents a brief overview of previous work on Chinese text segmentation in
order to provide a context for the description of Basis’ approach. This will be followed with a
high-level overview of the CMA and a discussion of some of the interesting issues encountered
when implementing our approach.

There are have been three approaches to the word-segmentation problem for Chinese
proposed over the last fifteen years: statistical/probabilistic, lexical, and a hybrid of statistical
and lexical methods.

Lexical Methods

At its simplest form lexical, or dictionary-based, segmentation utilizes a lexicon containing
known words in the language being segmented. The input text is scanned (either left-to-right,
right-to-left, or both) and matches are returned. More often than not the longest (or “maximal’)
match at any given point is returned, on the assumption that the longest sequence of consecutive
hanzi that appear in the lexicon is probably the correct segmentation at a given point. For

example, the sequence H'[E| A Zhongguoérén (Chinese person) can be segmented as:
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1. H{EA
I ES N
3. FEA
4, HE AN

Of which (4) is the correct match. If 1 [E A is in the lexicon, then the segmenter will correctly
segment this sequence (assuming the hanzi following A is unambiguous). If the sequence is not
in the lexicon, then either (2) or (3) will be returned depending on whether the segmenter is
scanning left-to-right or right-to-left. This AB+C vs. A+BC ambiguity is called an “intersecting
ambiguity”.

Another form of ambiguity is termed “combining ambiguity”: two characters may be

joined to form a word in some contexts, but not in others. For example, the hanzi [1] de is the
most common character in Chinese and is predominantly used as a grammatical particle, where it

stands alone. However, 1] is also used in multisyllablic words such as H [J mudi or 4 diqué.

It was quickly seen that there are some significant problems with a purely dictionary-
based approach:

e Dictionaries, by definition, capture the specific state of a language at a specific time. No
dictionary is going to be complete because words are constantly entering the language and no
single dictionary can capture the vocabulary across all domains. Mandarin has a productive
derivational morphology that allows new words to be formed with ease.

e Some words can be derived through inflectional processes, such as the addition of the
pluralizing suffix -f/] men to pronouns and person nouns.

e Chinese personal namﬁs commonly consist of a monosyllabic surname followed by a
bisyllabic given name.

e Transliterated foreign names also present a problem: different Chinese locales will
transliterate names differently. Further, the meaning of a transliterated name is almost
certainly not derivable from the combined meaning of its component hanzi. For example, the
name “Kennedy” is transliterated 15 J&itl kénnidi in the PRC and Hi#iili gannaidi in
Taiwan.

Aside from these issues, the pragmatic concern of finding a machine-readable dictionary
containing a large number of verified entries, with part-of-speech tags has been a major
impediment to this method.

One relatively straightforward extension to the pure dictionary based approach is to
encode some morphological rules into the segmenter. Examples include the recognition of the

pluralizing suffix -{'] men, the ordinal number marker %3 di, and common single-hanzi

demonstratives and pronouns such as it ta (he/him), it ta (she / her), ‘& ta (it), iX zhé (this),

* This is an over simplification: it is generally the case that a surname consists of a single syllable, (though there are
exceptions such as #Kf% Ouyang) and a given name can contain between one and four syllables, though two is by far the
most common. (Jones, 1997)
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and JI na (that), and cardinal numbers. These additions help to a degree, but are still prone to

error unless done carefully.

Dictionary-based methods are relatively easy to understand and implement. Lexicons
presented in the literature contain between 30000 and 100000 entries, some with POS
information.

Statistical Methods

Statistical methods of segmentation are based on the probability of two (or more)
characters appearing together. The “language model”, or set of probabilities describing a
language, is generated from the analysis of a large corpus of (possibly segmented, though this is
not necessary) Chinese text, in the domain and locale the segmenter is targeted for.

One of the most common statistical models used for Chinese segmentation is a 1%-order
hidden Markov model (HMM). A Markov model is a description of a sequence of random
variables evolving over time. The value of a particular variable at time #+1 is dependent only on
the state of the variable at time ¢. In the context of segmentation, the probability that the
character at position p + 1 is part of a word depends on the character at position p. The order of a
Markov model represents the number of previous states used to predict the next state. A Markov
model can be “visible”, or “hidden”. A Markov model is said to be “visible” if all of the
information related to the probability calculations is visible. A “hidden” Markov model is one
where there is an assumption that there is an underlying, unseen structure to the probabilities
(such as grammatical categories).

The acknowledged problem with Markov models is that they become computationally
complex very quickly as their order increases: a 1*-order HMM operates on bigrams: extending
this to 4-grams or higher is not tractable.

Another problem with purely statistical techniques is that the language model is heavily
dependent on the quality and breadth of the training corpus/corpora, and they must be regularly
retrained to handle changes in language use. There are also rather difficult to understand and
describe.

However, statistical models do have advantages: the effect of unknown and transliterated
words is lessened. They are relatively easy to create and deploy, providing sufficient training
data is available.

Recently a number of hybrid methods have been developed which attempt to unify the
lexical and statistical methods in an effort to garner the best of both techniques.

4.2 The Basis Solution

The Basis Chinese morphological analyzer is a dictionary-based system that makes use of
grammatical (syntactic) and morphological knowledge in conjunction with word-frequency
information. The core segmentation engine includes two different algorithms (one of them
tunable) that allow the user to tradeoff segmentation accuracy for runtime speed. It is supplied as
a C++ library and as a stand-alone tool. The remainder of this section describes each of the
CMA’s components in detail.

Segmentation Parameters
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The Basis CMA follows the Chinese National Standard GB13415, 15 B A4k 2 FH HACBLE 2318 #K
i XinxT chli yong xiandai Hanyu fénci guifan (Modern Chinese Segmentation Standards for
Information Processing). This is a minimal segmentation specification where very few tokens are
joined during processing. For example, aspect markers are not attached to their verb. Measure
words are not attached to either their preceding number/demonstrative or their following noun or
noun phrase.

This behavior is fully customizable, however: this allows the user to customize how
certain units are combined most effectively for any given application.

The Lexicon

The CMA has a lexicon consisting of almost 1 million Simplified and Traditional Chinese forms.
Each entry includes part-of-speech, frequency, and other information. It includes common words
as well as Chinese proper nouns (surnames, given names, countries, cities, rivers, mountains,
organizations, etc.) and non-Chinese (mostly Western) proper nouns, including transliterated
names. The dictionary is licensed from the CJK Dictionary Publishing Society (CDPS,
http://www.cjk.org), a respected and well-known organization. The lexical data has been collected
and edited over many years, and continues to be regularly updated in order to capture language
change. This lexicon is unprecedented in its coverage and the quality of its data.

The dictionary includes information to aid the segmentation process, such as marking

forms that are known to be productive (e.g., A rén, which besides its “standard” meaning of

‘person’ can also be suffixed to country and city names(as well as a number of other categories)
to indicate that an individual comes from that location.s%

Because of the size of our lexicon, many of the deficiencies related to dictionary based
approaches are ameliorated. The CDPS data includes words from Mainland China, Taiwan, and
Hong Kong as well as locale-specific transliterated names; human editors have proofed the part-
of-speech and Hanyu Pinyin readings; and the lexicon is under constant scrutiny and
improvement as new texts are segmented by the CMA.

Word-Formation Heuristics

The CMA has a collection of rules describing various word-formation (WF) processes in
Chinese. For example, these allow the segmenter to recognize a variety of constructed forms:

e Han numeric expressions: ordinal numbers (5 — di-san, 3rd), fractions (—43 2 . san

fénzhi ér, 2/3) , and percentages (11 4)2Z — 1 15— 71 bai fénzhi sanshi dian ér wu,
30.25%).

e Productive morpheme affixation, including suffixes like 51 yuan (person), -I- shi (scholar),

% jia (expert), and %% xué (subject of study) and prefixes % nl (female) and 5} nan (male).

Yo M@&igud (United States) + A rén (person) yields 5 [H A Meéiguérén (American). Compare this with the —er
suffix in German (“Amerikaner”, “Berliner”’) or —lainen/-ldinen in Finnish (“englantilainen”, “helsinkildinen”.) The

primary difference is that A\ rén is a free morpheme while —er and —lainen/-liinen are bound morphemes.
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e Word-class changing affixes, such as the verb to adjective prefix 7] ké (-able).
e Recognition of certain reduplication patterns, such as AA for nouns (A_A rénrén) and verbs
(# %) jiaojiao), A-yi-A for monosyllabic verbs, ABAB for verbs ([l i i

shuijiaoshuijiao), and others.
Segmentation Core

The segmentation core is responsible for actually segmenting the input text, making use of the
lexicon and WF heuristics described above. It limits itself to analyzing the smallest contiguous
sequence of hanzi available, usually between the current position and the next punctuation
character or script change (i.e., a transition from ideographs to Latin characters). For the
purposes of segmentation Arabic numerals are considered to be hanzi since it is common in
Chinese orthography for Arabic numerals to be mixed with Han numerals when writing large
numbers, e.g., “20 T instead of “ T for 20,000.
The segmentation core operates in one of two modes: maximal match segmentation or

“best” segmentation. The maximal match segmentation attempts to minimize the number of
words in a sequence of sanzi by finding the longest matches in the dictionary at each point in the
input. This is the maximal match algorithm described earlier in this section with the additional
application of the word-formation rules found above. The application of these rules can be
restricted if necessary, in which case this degenerates into the basic longest-match algorithm.

The more interesting (and computationally intensive) algorithm is the “best” segmentation.
The segmenter starts generating all of the possible segmentations for the sentence, pruning
nonsensical possibilities dynamically as more segmentations are generated. The weighting
function is biased towards segmentations containing the longest high-probability words and takes
into account several factors:

e The length (number of hanzi) of each segment. The algorithm favors longer words: it is well
known that the average word length in contemporary Mandarin is between 2 and 3 hanzi.

e The frequency of each segment (based on the value from the lexicon). An infrequent three
character word may be less likely to be correct than a very frequent two character word
followed by a one character word.

e The part-of-speech of the segment and the segments on either side. This allows affixes to be

joined to their stems, if constraints allow. For example, the prefix 1] k& can only be joined
with to a subclass of verbs.

e Some parts-of-speech rarely, if ever, occur next to each other (e.g., an adverb followed by a
noun). Hence it is possible to reject some nonsensical segmentations by these bogus co-
occurrences.

In essence the segmenter is serving as a POS tagger and a shallow parser, in an attempt to
determine the most accurate segmentation available for a given sequence of hanzi.

When the sequence has been segmented, the best remaining possibilities are analyzed and
the best one (that with the highest weight) is selected.

One of the most difficult issues in developing the segmenter is handling proper names.
While our dictionaries contains tens of thousands of names, the nature of Chinese names means
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that it is often difficult, or impossible, to determine when a sequence of characters is being used
as a name, and when it is not. This form of ambiguity is difficult to solve without deeper
contextual (viz. semantic) information. The approach currently taken by the CMA is to initially
ignore the impact of proper names and postpone processing until no other possible segmentations
are evident. This is a feasible approach because the set of characters used in names, particularly
surnames, is relatively small. Similarly, when dealing with transliterated foreign names, the set
of characters used for transliterating English names (for example) is quite small: a sequence of
three or more of these characters, in isolation (i.e., not part of an existing compound, or part of a
low-frequency compound) is an excellent clue that we’re seeing a foreign name.

5. Unicode and Chinese Segmentation

The Basis CMA uses Unicode (UCS-2) throughout its implementation, including the lexicon.
Standardizing on Unicode for the internal character representation within CMA enabled us to use
a common dictionary lookup algorithm for both SC and TC. All of the WF heuristics are shared
between SC and TC implementations. The ability to transparently handle Chinese text in any
script and from any Chinese locale greatly simplifies the logic of the segmenter.

6. Conclusion

This paper describes a Chinese word segmentation system currently under development at Basis
Technology. An overview of the issues related to segmentation was presented as well as an
overview of how the Basis segmenter operates and the important role that Unicode plays in its
implementation.
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