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The authors propose a heuristic method for Chinese
automatic text segmentation based on a statistical app-
roach. This method is developed based on statistical
information about the association among adjacent char-
acters in Chinese text. Mutual information of bi-grams and
significant estimation of tri-grams are utilized. A heuristic
method with six rules is then proposed to determine the
segmentation points in a Chinese sentence. No dictionary
is required in this method. Chinese text segmentation is
important in Chinese text indexing and thus greatly
affects the performance of Chinese information retrieval.
Due to the lack of delimiters of words in Chinese text,
Chinese text segmentation is more difficult than English
text segmentation. Besides, segmentation ambiguities
and occurrences of out-of-vocabulary words (i.e.,
unknown words) are the major challenges in Chinese
segmentation. Many research studies dealing with the
problem of word segmentation have focused on the reso-
lution of segmentation ambiguities. The problem of
unknown word identification has not drawn much atten-
tion. The experimental result shows that the proposed
heuristic method is promising to segment the unknown
words as well as the known words. The authors further
investigated the distribution of the errors of commission
and the errors of omission caused by the proposed
heuristic method and benchmarked the proposed
heuristic method with a previous proposed technique,
boundary detection. It is found that the heuristic method
outperformed the boundary detection method.

Introduction

With the advance of digital libraries and the increasing
popularity of multilingual information retrieval systems, the
desire for accurate information retrieval techniques for Asian
languages is increasing. The very first step in developing an
information retrieval system is extracting the keywords from
the text, in which text segmentation plays an important role
(Yang & Luk, 2003). Unlike English, many Asian languages

(e.g., Chinese, Japanese, and Thai) do not have delimiters of
words as spaces or punctuation marks. As a result, segment-
ing Chinese text is a more difficult task than segmenting
English text. In the last decade, there have been many
research studies focusing on the Chinese text segmentation
problem. The techniques to segment Chinese character
sequences into words can be divided into three categories:
(a) a character-based approach, (b) a lexical rule-based
approach (Deng & Long, 1987; Yeh & Lee, 1991), (c) statis-
tical approach (Chien, 1995; Meknavin, Charoenpornsawat,
& Kijsirikul, 1997; Sproat & Shih, 1990; Yang, Luk, Yung, &
Yen, 2000), and (d) a hybrid approach based on statistical and
lexical information (Nie, Jin, & Hannan, 1994; Nie, Hannan,
& Jin, 1995).

Text segmentation is defined as the segmentation of texts
into linguistic units, normally words (Wu & Tseng, 1995).
The problem can be formally defined as (Meknavin et al.,
1997):

where C � c1c2 . . . cm is an input character string, and 
Wi � w1w2 . . . wn is a possible word segmentation.

Because P(C | Wi) equals to 1 and P(C) is a constant, the
above formulation can be simplified to

Apart from the absence of word boundaries, there are
many other difficulties in defining words in Chinese text (Nie
et al., 1996). The difficulties can be summarized as follows:

1. Chinese has little morphological marking to ease word
identification. Chinese morphology deals with the word
formation (i.e., the formation of new lexemes). Deriva-
tion (derivational affixation) and compounding are the
two major types of word formation. The word grammar
intends to characterize the behavior of affixation and
compounding through the morphological and syntactic
categories of their formatives. However, it is unlikely for
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the word grammar to be able to capture the entire combi-
nation behavior of single character morphemes correctly
because their combination behavior seems too irregular
(Wu & Tseng, 1995).

2. There is little consensus in the linguistic community on
complicated word constructions, such as the handling of
resultative verb compounds based on the analysis of con-
struction. For instance, one may view a verb-resultative
compound, such as (finish reading), as a bi-clausal
that is formed by a movement. Therefore, the compound
should be treated as two words. Another may view the
compound as a word found in a lexicon, and therefore

should be a word (Xia  et al., 2000, Wu & Tseng,
1995).

3. Many monosyllabic morphemes, which used to stand
alone in ancient Chinese, become bound in modern
Chinese. The influence of ancient Chinese makes it diffi-
cult to draw the line between bound morphemes and free
morphemes (Xia et al., 2000).

Segmentation ambiguities and occurrences of out-of-
vocabulary words (i.e., unknown words) are the most chal-
lenging problems in Chinese text segmentation in general.
Many research studies dealing with the problem of word
segmentation have focused on the resolution of segmenta-
tion ambiguities. The problem of unknown word identifica-
tion has not drawn much attention. The unknown words are
diverse, including personal names, organization names and
their abbreviations. The unknown words are defined as the
words that are not found in the lexicon (Chen & Bai, 1998),
but they provide more precise and comprehensive meaning-
ful terms for information retrieval. Lai and Wu (2000) ref-
erred the unknown words or phrases as phrase-like units
(PLU) that can be combinations of words in the lexicon or
some meaningless characters. Due to the ever-changing
nature of language, no general lexicon can be comprehen-
sive. New words or phrases are created everyday. In this
article, we propose a heuristic method based on the statisti-
cal approach to segment Chinese text. In particular, the
capability of the proposed technique to segment unknown
words is investigated.

The followings are some types of unknown words that
occur frequently:

1. Abbreviation (acronym): Abbreviations are difficult to
identify because their morphological structures are very
irregular. Their affixes reflect the conventions of the
selection meaningful components (Chen & Bai, 1998).
However, the affixed of abbreviations are common words
which are least informative for indicating the existence
of unknown words. For example, (CU) is the abbre-
viation of (The Chinese University of
Hong Kong).

2. Proper nouns: Proper nouns can be classified into four
subcategories: (a) names of people; (b) names of places;
(c) names of organizations; (d) specific terms, e.g.,

(Escherichia coli), (DNA),
(cocaine), (dazzling). Certain key words

are indicators for each different subcategory. For insta-
nce, about 100 common surnames are prefix characters

of Chinese personal names. The characters, such as 
(street), (district), (road), frequently occur as suf-
fixes of the names of places. However, names such as

(Aberdeen), (Wong Chuk Hang), 
(Fanling) are hard to identify.

3. Derived words: Derived words have affix morphemes
which are strong indicators of unknown words, e.g.,

(computerized).
4. Compounds: Compounds are a very productive type of

unknown words. Nominal and verbal compounds are
easily formed by combining two or more words, e.g.,

(frontier closed area), (hugin
recital; hugin is a Chinese musical instrument), 
(burglary syndicate).

Text Segmentation

There are four traditional approaches of text segmenta-
tion: (a) a character-based approach, (b) a lexical rule-based
approach, (c) a statistical approach, and (d) a hybrid ap-
proach. A Chinese text can be segmented into words as sin-
gle characters or sequences of characters that convey a
meaning while a Chinese character is encoded as a unique
two-byte or three-byte machine code (Wu & White, 1990).
Liu (1987) estimated that there are 5% of one-character
words, 75% of two-character words, 14% of three-character
words, and 6% of words with four or more characters in
modern Chinese.

In the character-based approach, each character is treated
as a basic unit. It does not require lexicons and is easy to be
implemented. However, using the character-based approach
for segmentation, indexing, and retrieval requires a huge
index file and therefore significantly reduces the efficiency.
Moreover, it is difficult to incorporate linguistic information
with a single character (Huang, Peng, Schuurmans, Cercone,
& Robertson, 2003). As a result, the performance of informa-
tion retrieval using single character indexing is usually not as
good.

In the lexical rule-based approach, a lexicon containing a
large number of Chinese words is predefined and then
heuristic methods are utilized to match against the lexicon to
segment a Chinese sentence. The lexical rule-based approach
is also known as the dictionary-based approach. Maximum
matching (Deng & Long, 1987) is a typical heuristic method.
Maximum matching groups the longest initial sequence of
characters, which matches a dictionary entry, as a word start-
ing from the beginning or the end of a sentence. When a word
is found, it continues at the next character until all the charac-
ters in the sentence have been covered. An alternative to
maximum matching is minimum matching. Using the lexical
rule-based approach for segmentation, indexing, and retrieval
requires a smaller inverted index file and therefore obtains
higher efficiency. It is also easy to incorporate linguistic
knowledge in the retrieval system. However, the performance
of the lexical rule-based approach depends highly on the
completeness of the coverage of the adopted lexicon. It is
impossible to include all the Chinese words (known words
and unknown words) in a dictionary because the set of words

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—November 2005 1439



1440 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—November 2005

is open-ended (Chen, He, Gey, & Meggs, 1997). Building a
lexicon is also expensive and time consuming. In addition, a
Chinese character sequence is always segmented in the same
way regardless of context by the lexical rule-based approach
(Huang et al., 2003).

In the statistical approach, the lexical statistics of the
Chinese characters in corpora are utilized to mark the bound-
aries of words. Sproat and Shih (1990) extract bi-grams with
the highest value of mutual information in the sentence
recursively until no other bi-grams can be extracted. Sproat
and Shih’s technique was later evaluated by Chen et al.
(1997), who found that it performed better than maximum
matching. However, Sproat and Shih’s technique can only
segment uni-grams and bi-grams. Chien (1997) developed a
PAT tree-based method for segmentation. All of the lexical
patterns without limitation of pattern length are first
extracted. A mutual information-based filter algorithm is
then utilized to filter out the character strings in a PAT tree.
The performance is good but building a PAT tree is time con-
suming and large space overhead is required. Yang, Luk,
Yung, and Yen (2000) developed a boundary detection tech-
nique. It detects the segmentation points by a threshold and
the abrupt changes in the values of mutual information
between adjacent characters in a Chinese sentence. High
accuracy and efficiency is achieved. Unlike Sproat and Shih’s
technique, it is not restricted to segment only uni-grams and
bi-grams although both use mutual information for measur-
ing the association between adjacent characters.

Other researchers have also developed hybrid techniques
based on a lexical rule-based approach and statistical
approach for Chinese segmentation. Nie et al. (1995) first seg-
ment the text using maximum matching and then utilize the
statistical method to identify candidates for unknown words.

Association Formulae in the Statistical Approach

In the statistical approach of Chinese text segmentation, a
text corpus is analyzed and the context specific information
about syntactic structures and usage of words are obtained.
Association formulae are utilized to measure the association
among adjacent characters in Chinese text. The most popu-
lar association formulae are mutual information (MI) and
significance estimation (SE).

Mutual Information 

Mutual information was first adopted by Sproat and Shih
(1990) to measure the association between two adjacent
characters.

where a and b are Chinese characters, N is the size of corpus,
freq(ab) is the frequency of occurrence of the character
string ab, and freq(a) and freq(b) are the frequencies of
occurrence of a and b, respectively.

MI(a, b) � log2 
N freq(ab)

freq(a) freq(b)

Significant Estimation

Significant estimation was adopted by Chien (1997) to
measure the association of n characters where n can be any
values greater than 2.

where c is a string with n characters, a and b are two over-
lapping substrings of c with n � 1 characters.

The purpose of significant estimation is to judge if the
string, c, is more complete in semantics than its composed
substrings, especially the longest composed substrings, a
and b. If SE(c) is large, the substrings, a and b, occur to-
gether frequently in the corpus and the string, c, is more
complete in semantics than either a or b. Using significant
estimation, lexical patterns that are incomplete in semantics
and lack of representatives can be easily filtered out.

If c � cjcj�1cj�2,

Unlike mutual information, significant estimation is able
to measure the association of three or more adjacent charac-
ters. Using mutual information alone, it may not be accurate
to segment tri-grams or quadra-grams, which frequently
occurs in names of persons or Chinese idioms. With the
support of significance estimation, the segmentation of any
n-grams with n larger than 2 will become more accurate.
However, the computation will also be more expensive.

Boundary Detection

Yang, Luk,Yung, andYen (2000) have developed a bound-
ary detection technique to determine the segmentation points
in a Chinese sentence using the mutual information. The seg-
mentation points are detected by a threshold and abrupt
changes of the values of mutual information. The abrupt
changes are characterized as valley- and bowl-shaped curves.
Figure 1 illustrates the detection of the segmentation points.

The valley-shaped curve describes the sudden drop of
mutual information value in a series of bi-grams.The segmen-
tation point is the one at the bottom of the valley-shaped curve.

Bowl-shaped curves deal with the auxiliary characters in
Chinese. Most auxiliary characters in Chinese such as 
and always exist as a single character without carrying
any significant meaning. The mutual information values of
bi-grams, which include these auxiliary characters, are com-
paratively low. Therefore, given a Chinese character string,
that includes an auxiliary character, the values of mutual
information before and after the auxiliary character are low.
A bowl-shaped curve will be observed. Both points at the
bottom of the bowl-shaped curve are segmentation points.

�
freq(cj cj�1 cj�2)

freq(cj cj�1) �  freq(cj�1 cj�2) �  freq(cj cj�1 cj�2)

SE (Cj Cj�1Cj�2)

SE(c) �
freq(c)

freq(a) � freq(b) � freq(c)
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Beside the abrupt change in mutual information, a low
value of mutual information also indicates a segmentation
point.

Example

Given a Chinese sentence,
(the day of the announcement of the financial budget by the
Secretary of Finance), the values of mutual information
between every pair of adjacent characters are shown in
Figure 2.

Using a threshold of 0.5, a segmentation point is detected
between and . The sentence is segmented to

. Using the characteristic of
valleys, two more segmentation points are detected. One seg-
mentation point is between and . Another segmentation
point is between and . The sentence is further segmented
to . Using the characteristic
of bowl-shaped curves, two segmentation points are detected.
One segmentation point is between and . Another

segmentation point is between and . The sentence is
finally segmented to
([The Secretary of Finance] [announces] [financial] [budget]
[adjective marker ] [day]). (financial budget)
should be a compound word. However, the words (fin-
ance) and (budget) appear frequently and individu-
ally. Simply using mutual information is not able to capture
the association between these two words.

The Heuristic Method

In this work, we propose a heuristic method with five
rules to segment Chinese text using mutual information and
significance estimation of all bi-grams and tri-grams, respec-
tively, in the corpus. Given a Chinese string with n charac-
ters, c1 c2 . . . cj . . . cn, every character is initialized as a
unigram. The heuristic method begins from the second char-
acter, c2, and determines the matching rules. When a rule is
matched, cj is combined with the previous n-gram(s) to form
a longer n-gram or remain as a unigram. If there is no other

(a) thresholding

threshold

MI

�

�

�

Segmentation point

(MI < threshold)

ci ci+1 ci+2 ci+3

(b) valley

�

MI

ci   ci+1    ci+2   ci+3

�

�

Valley point =
 Segmentation point

(c) bowl shape curve

�

ci   ci+1    ci+2   ci+3

MI

�

� �

Points of bowl shape curve =
 Segmentation point

FIG. 1. Detection of segmentation points by boundary detection technique.

FIG. 2. Mutual information of the Chinese sentence, .
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rule that can be matched, the next character, cj�1, will be
considered. This process is repeated until the last character,
cn, is reached.

Theheuristic rules try tocombineauni-gramwitha (n�1)-
gram to form an n-gram by measuring the mutual information
between the uni-gram and the last character of the n-gram. If
it does not form an n-gram, it is further verified by using the
significance estimation. The significance estimation of a uni-
gram and the last two characters of an n-gram is measured. In
other cases, the significance estimation of two unigrams and
the last character of a (n � 2)-unigram or the significance
estimation of three unigrams are measured. The five rules are
given below:

Rule 1
If cj�1 is a unigram and MI(cj�1, cj) � th3, cj�1 and cj are

combined as a bi-gram.

cj   �
MI(cj�1 cj) � th3

If cj�1 is a unigram and MI(cj�1, cj) � th3, cj�1 and cj

remain as unigrams.

cj �
MI(cj�1 cj) � th3

Rule 2
If cj�2cj�1 is a bi-gram and SE(cj�2cj�1cj) � th1, cj�2 cj�1

and cj are combined as a tri-gram.

cj   �

SE(cj�2cj�1 cj) � th1

If cj�2 cj�1 is a bi-gram and SE(cj�2cj�1cj) � th1, cj

remains as a unigram.

cj   �

SE(cj�2cj�1 cj) � th1

Rule 3
If cj�2 and cj�1 are unigrams, SE(cj�2 cj�1 cj) � th1, and

MI(cj�2, cj�1 ) � th2, cj�2, cj�1 and cj are combined as a
tri-gram.

cj �

SE(cj�2 cj�1cj) � th1

MI(cj�2 cj�1) � th2

If cj�2 and cj�1 are unigrams, and SE(cj�2 cj�1 cj) � th1 or
MI(cj�2, cj�1) � th2, cj remains as a unigram.

cj �

SE(cj�2 cj�1cj) � th1

MI(cj�2 cj�1) � th2

Rule 4
If . . . cj�2 cj�1 is a (n � 1)-gram (n � 2) and SE(cj �2 cj�1

cj) � th1, . . . cj�2 cj�1 cj are combined as an n-gram.

cj   cj�1   cj�2   cj�1 cj�2 

cj�2 cj�1 cj     cj�1 cj�2 

cj cj�2 cj�1  cj�2 cj�1

cj�2 cj�1 cj cj�2 cj�1

cj cj�1 cj�1

cj�1 cjcj�1

cj   �

SE(cj�2 cj�1cj) � th1

If . . . cj�2cj�1 is a (n � 1)-gram (n � 2) and SE (cj�2 cj�1

cj) � th1, cj remains as a unigram.

cj   �

SE(cj�2cj�1 cj) � th1

Rule 5
If . . . cj�2 is a (n � 2)-gram (n � 1), .cj�1 is a unigram,

SE(cj�2cj�1cj) � th1, and MI(cj�2, cj�1) � th2, . . . cj �2 cj�1 cj

are combined as an n-gram.

cj �

SE(cj�2 cj�1cj) � th1

MI(cj�2 cj�1) � th2

If . . . cj�2 is a (n � 2)-gram (n � 1), cj�1 is a unigram,
and SE(cj�2cj�1 cj) � th1, or MI(cj�2, cj�1) � th2, cj remains
as a unigram.

cj �

SE(cj�2 cj�1cj) � th1

MI(cj�2 cj�1) � th2

th1, th2, and th3 are thresholds determined experimentally.

Example

Given a Chinese sentence, 
(the day of the announcement of the financial budget by the
Secretary of Finance), the mutual information for all big-
rams and the significant estimation for all tri-grams are
shown in Scheme 1.

th1, th2, and th3 are 0.3, 3.0, and 1.0.
Using Rule 1, MI � th3, and are combined

as a bi-gram, .
Result: 

Using Rule 2, SE � th1, remains as a unigram.
Result: 

Using Rule 5, SE � th1 and MI � th2, ,
and are combined to form .

Result: 
Using Rule 4, SE � th1, and are

combined as .
Result: 

cj   cj�1 ... cj�2 cj�1 ...  cj�2 

... cj�2 cj�1 cj cj�1 ...  cj�2 

cj   ... cj�2 cj�1 ...  cj�2 cj�1

... cj�2 cj�1 Cj ...  cj�2 cj�1

Bi-gram
MI 6.83 4.27 4.49 4.69 0.51 3.80 �1.42 6.83 3.43 7.65
Bi-gram
MI 5.79 0.73 0.82 6.43

Tri-gram
SE 0.253 0.540 0.806 0.005 0.006 0.003 0.003
Tri-gram
SE 0.128 0.340 0.463 0.103 0.007 0.298

SCHEME 1. The mutual information for all bi-grams and the significant
estimation for all tri-grams.
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Using Rule 4, SE � th1, remains as a unigram.
Result: 

Using Rule 5, SE � th1, remains as a unigram.
Result: 

Using Rule 1, MI � th3, and are combined
as a bi-gram, .

Result: 
Using Rule 2, SE � th1, remains as a unigram.

Result: 
Using Rule 5, SE � th1, remains as a unigram.

Result: 
Using Rule 1, MI � th3, and are combined

as a bi-gram, .
Result: 

Using Rule 2, SE � th1, remains as a unigram.
Result: 

Using Rule 5, SE � th1 and MI � th2, 
, and are combined as .

Result: 
Using Rule 4, SE � th1, and are

combined as .
Result: 

Using Rule 4, SE � th1, remains as a unigram.
Result: 

Using Rule 5, SE � th1, remains as a unigram.
Result: 

Using Rule 1, MI ( ) � th3, remains as a unigram.
Result: 

Using Rule 3, SE � th1, remains as a unigram.
Result: 

Using Rule 1, MI � th3, [ ] and are com-
bined as a bi-gram, .

Result: 
In this example, (the secretary of finance) and

(financial budget) are unknown words that are
compound words formed by the combination of known
words, (the financial secretary’s office) and (sec-
retary), and (finance) and (budget), respectively.

(announce) and (day) are known words. It shows
that the proposed heuristic method can successfully segment
both of the unknown words in which one of them is impos-
sible to be identified by dictionary.

Importance and Usefulness of Rule 1 to Rule 5

The five rules in the heuristic method consider different sce-
narios. Rule 1 considers a unigram. Rule 2 considers a bi-
gram. Rule 3 considers two unigrams. Rule 4 considers an n-
gram. Rule 5 considers an n-gram and a unigram. Therefore, all
rules are important to consider all possible scenarios. Missing
any one rule will not be able to process a complete segmentation.

To further understand the usefulness of these rules, we
have measured the relative proportion of time each rule is
triggered using our corpus of Hong Kong SAR government
press releases. The result is presented in Figure 3. It is found
that Rule 1 is the most frequently triggered and Rule 3 is the
least frequently triggered.

Experiments

Experiments were conducted to measure the precision,
recall, and error rate of the segmentation results using the
Hong Kong local Chinese news articles and Hong Kong SAR
government press releases as corpus. The formulations of the
metrics, precision, recall, and error rate, are given below:

where

c is the number of words that are correctly segmented,
e is the number of words that are incorrectly segmented,
n is the number of words segmented, and
N is the number of words in the corpus.

In the corpus for our experiment, there are 2,000 docu-
ments. The number of known words and the number of
unique known words are 317,386 and 44,189, respectively.
The number of unknown words and the number of unique
unknown words are 108,296 and 30,792, respectively. Many
of the unknown words are names of persons, events, organi-
zations, and technical terms. The average frequency of the
known words and unknown words are 7.18 and 3.52, respec-
tively. The average frequency of the known words is double
of the average frequency of the unknown words.

Performance and Benchmarking

In this section, we present the performance of the pro-
posed heuristic methods and benchmark its performance
with that of our previous proposed technique, boundary

Error rate �
e

N

Recall �
c

N

Precision �
c
n

30.10%

13.70%

9.60%

20.90%

25.70%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

Rule 1 Rule 2 Rule 3 Rule 4 Rule 5

Rules

FIG 3. Relative proportion of time each rule in heuristic method is
triggered.
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detection (Yang et al., 2000). The boundary detection is
developed to detect the segmentation points in a Chinese
sentence based on the abrupt changes in the mutual informa-
tion between the adjacent bi-grams. It is shown by experi-
ment results that the boundary detection technique is
efficient and effective. It only requires the mutual informa-
tion but not the significance estimation.

Tables 1 and 2 present the experimental result of the
boundary detection and heuristic method for unknown
words and known words, respectively.

Table 3 presents the overall experimental result of bound-
ary detection and heuristic method for both known words
and unknown words and their efficiency.

The result shows that the heuristic method is promising to
segment the unknown words as well as the known words.
Besides, the heuristic method is substantially better than the
boundary detection in terms of precision and recall. It can be
explained by the fact that the heuristic method utilizes both
mutual information of bi-grams and significant estimation of
tri-grams to form n-grams, but the boundary detection only
utilizes the mutual information on bi-grams to determine the
segmentation points. Given more statistical information, the
heuristic method is able to achieve higher performance. On
the other hand, the heuristic method is noticeably more time
consuming than the boundary detection because it involves
the computation of both mutual information and significant
estimation. The rules matching in heuristic matching is also
more computationally expensive than identifying segmenta-
tion points in boundary detection.

Analysis of Error

The errors arising from using the boundary detection and
heuristic method were analyzed based on the methods sug-
gested by Dai, Khoo, & Loh, (1999). The errors in Chinese
text segmentation can be divided into two types: (a) errors of
commission, and (b) errors of omission. The errors of com-
mission refer to the segments that are identified by the auto-
matic text segmentation techniques as words but, in fact, they
are not. The errors of omission are words that are not identi-
fied by the automatic text segmentation techniques to be

words but, in fact, they are. Table 4 presents the distribution of
the errors of commission and the errors of omission caused by
the boundary detection and the heuristic method. The result
shows that both of the boundary detection and the heuristic
methods have significantly more percentage of the errors of
commission. Comparing the boundary detection and the
heuristic method, the heuristic method has relatively less of a
percentage of the errors of commission and relatively more of
a percentage of the errors of omission. It is because the bound-
ary detection determines the segmentation points purely by
the abrupt changes of mutual information of adjacent Chinese
characters. However, the abrupt changes may not always cor-
respond to segmentation points, especially when the statisti-
cal information provided by the corpus is not sufficient.
Therefore, the boundary detection may identify segmentation
points that indeed do not exist.

We have further categorized the error of commission
(EC) into six types of error:

EC1: A word is incorrectly segmented into two segments.
Both segments are not words. 

For example, an unknown word (cocaine) can be
incorrectly segmented to and . Both and 
are not words.

EC2: A word is incorrectly segmented into two segments.
Both segments are known words.

For example, a compound word (transporta-
tion system) can be incorrectly segmented to two simple
words (transport) and (system).

EC3: A word is incorrectly segmented into two segments.
Both segments are unknown words.

For example, the unknown word 
(Guangzhou-Hong Kong Express Rail) can be incor-
rectly segmented into two unknown words, 
(Guangzhou) and (Hong Kong Express Rail).

EC4: A word is incorrectly segmented into two segments.
One segment is a known word and another segment is not
a word.

For example, (modernize) can be incorrectly seg-
mented to a simple word (modern) and a single char-
acter . (gentlemen) can be incorrectly segmented

TABLE 1. Performance of the boundary detection and heuristic methods
for segmenting unknown words.

Algorithms Precision Recall Error rate

Boundary detection method 0.801 0.752 0.187
Heuristic method 0.918 0.903 0.081

TABLE 2. Performance of the boundary detection and heuristic methods
for segmenting known words.

Algorithms Precision Recall Error rate

Boundary detection method 0.812 0.841 0.195
Heuristic method 0.897 0.919 0.105

TABLE 3. Overall performance of the boundary detection and heuristic
methods.

Error Processing
Algorithms Precision Recall rate time (seconds)

Boundary detection method 0.809 0.818 0.193 89.6
Heuristic method 0.902 0.915 0.099 254.5

TABLE 4. The distribution of the errors of commission and the errors of
omission.

Errors of commission Errors of omission

Boundary detection 98.13% 1.87%
Heuristic method 94.23% 5.77%
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to a simple word (Mr.) and a pluralizing suffix . A
Chinese name can be incorrectly segmented to
(a Chinese surname but not a word) and a simple word

(Pearl). An unknown word (Chairman Ng)
can be incorrectly segmented to (a Chinese surname but
not a word) and a simple word (chairman).

EC5: A word is incorrectly segmented into two segments.
One segment is an unknown word and another segment is
not a word.

For example, the unknown word (Toyota) can be
incorrectly segmented to an unknown word 
(Toyota) and a segment (brand). An unknown word

(non-Euro) can be incorrectly segmented as a seg-
ment (non) and an unknown word (Euro). A
name of a person (John Bond, chairman of HSBC
Holdings) can be incorrectly segmented as a segment 
(a Chinese surname) and (Chinese translation of
John).

EC6: A word is incorrectly segmented into two segments.
One segment is a known word and another segment is an
unknown word.

For example, the unknown word (Nasdaq
Index) can be incorrectly segmented to an unknown word

(the Chinese translation of Nasdaq) and a
known word (index). The unknown word 
(Standard Chartered PLC) can be incorrectly segmented
to an unknown word (Standard Chartered) and a
known word (bank).

Table 5 presents the distribution of EC1 to EC6 in the
errors of commission caused by the boundary detection and
the heuristic method.

In the experiment, it shows that the percentage of EC2
errors is substantially lower if the heuristic method is used.
The heuristic method is able to reduce the percentage of errors
in segmenting a word into two known words because the
significance estimation is helpful to determine the association
of two known words. Therefore, the heuristic method is able
to extract the compound words. Using the boundary detection
method, the mutual information alone is not sufficient to mea-
sure the strength of association between two adjacent known
words because it only measures the association of two adja-
cent characters. On the other hand, the percentage of EC3 and
EC5 errors are substantially higher if the heuristic method is
used. However, because the precision of the heuristic method
is substantially higher, the actual numbers of EC3 and EC5
errors generated by the heuristic method and the boundary
detection are approximately the same. That means the heuris-
tic method does not reduce the errors of commission when
one of the incorrect segments is an unknown word.

The error of omission (EO) is also further categorized
into three types of error:

EO1: The incorrect segment includes two unknown words.

For example, the incorrect segment (Hutchison
Whampoa and Cheung Kong) should be segmented to

(the Chinese abbreviation of Hutchison Whampoa
Ltd. ) and (the Chinese abbrevi-
ation of Cheung Kong (Holdings) Limited

. Hutchison Whampoa and
Cheung Kong are two independent organizations but
closely related. Therefore, and are frequently
placed together without delimiters. It is difficult to deter-
mine the segmentation points between them by statistical
approach.

EO2: The incorrect segment includes two known words.

For example, the incorrect segment (pollution
causes) should be segmented as two simple words 
(pollution) and (cause).

EO3: The incorrect segment includes a known word and an
unknown word.

For example, the incorrect segment (attack
Iraq) should be segmented as a known word 
(attack) and a unknown word (Iraq).

Table 6 presents the distribution of EO1 to EO3 in the
errors of omission caused by the boundary detection and the
heuristic method.

The heuristic method noticeably reduces the number of
omission errors when both of the missed segments are
unknown words. On the other hand, the heuristic method has
substantially more omission errors when one or both of the
missed segments are known words. When a known word is
frequently placed together with another known word or an
unknown word, especially in the case of verb and noun
phrases, the heuristic method may incorrectly combine them
to form a word based on the statistical information.
(pollution causes) (attack Iraq) are some exam-
ples. However, the error of omission only accounts for a
small percentage (< 6%) of all the errors as shown in Table 4.

Discussion

In the error analysis, we find that there are only a few per-
centages of the errors of omission produced by both the
boundary detection and heuristic methods. The majority of
the errors are the errors of commission. Most of the errors by
the investigated statistical approach are errors generated by
determining wrong segmentation points. If we further inves-
tigate the errors of commission, some of the errors are
acceptable in some text processing. It is because the two

TABLE 5. The distribution of EC1 and EC2 errors in the errors of
commission.

EC1 EC2 EC3 EC4 EC5 EC6

Boundary detection 
method 19.32% 38.26% 18.72% 9.40% 5.09% 9.21%

Heuristic method 16.58% 23.72% 31.78% 9.03% 11.76% 7.13%

TABLE 6. The distribution of EO1 to EO3 errors in the errors of
omission.

EO1 EO2 EO3

Boundary detection method 51.26% 22.76% 25.98%
Heuristic method 23.81% 29.07% 47.12%
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segments produced by the errors of commission can both
be words, either known words or unknown words. These
known words or unknown words can still be processed
except that the phrases (mostly compound words) that are
formed by these known and unknown words can no longer
be captured. However, the errors of omission are not accept-
able in any kind of text processing. It is because the strings
of characters that are generated by missing the segmentation
points are mostly not words. These strings of characters are
supposed to be segmented into two words, either known
words or unknown words.

To further understand the impact of these errors on infor-
mation retrieval systems, we need to investigate the distrib-
ution of EC1 to EC6. EC2, EC3, and EC4 are errors of
commission that segment words into two segments where
both or either one are known words or unknown words. As
discussed earlier, these errors are acceptable in some text
processing. Among the errors of commission, EC2, EC3,
and EC4 constitute 66.38% and 64.53% for the boundary
detection and heuristic methods, respectively. EC5 and EC6
are errors of commissions that segment words into two seg-
ments where one segment is either a known word or an
unknown word and another segment is not a word. Among
the errors of commission, EC5 and EC6 constitute 14.3%
and 18.89% for boundary detection and heuristic method,
respectively. One of the two segments produced by these
errors can still be useful in some text processing. EC1 is an
error of commission that segments words into two segments
where both segments are not words. These segments cannot
be used in any kind of text processing. Among the errors of
commission, EC1 constitutes 19.32% and 15.48% for the
boundary detection and heuristic methods, respectively.

Given the above analysis, we can conclude that errors gen-
erated by EC1, EO1, EO2, and EO3 produce segments that
are completely useless for text processing. Among all the er-
rors, these errors constitute 20.83% and 21.39% for the
boundary detection and heuristic methods, respectively. Seg-
ments that are generated by EC5 and EC6 are partially useful
for text processing. These errors constitute 14.03% and
17.80% for the boundary detection and heuristic methods, re-
spectively, among all the errors. The segments that are gener-
ated by EC2, EC3, and EC4 are still useful for some text pro-
cessing. Among all the errors, these errors constitute 65.13%
and 60.81% for the boundary detection and heuristic meth-
ods, respectively. The distributions of acceptable errors, par-
tially acceptable errors, and unacceptable errors for the
boundary detection and heuristic methods are shown in Fig-
ure 4. Although the highest precision and recall achieved by
heuristic method are 0.897 and 0.918, respectively, it does not
mean that the wrong segments are useless for text processing.
For example, even (The Chinese University
of Hong Kong) is segmented as (Hong Kong) and

(Chinese University); retrieval can still be con-
ducted by matching the word (Chinese University).

Investigating the distribution of errors of commission
helps us to understand the possible reasons for generating
such errors by the statistical approach. It is found that EC2

and EC3 are comparatively high for both the boundary
detection and heuristic methods. For the boundary detection
method, EC2 and EC3 constitute 56.98% of errors among all
errors of commission. For the heuristic method, EC2 and EC3
constitute 55.5% of errors among all errors of commissions.
These errors are easier to be committed because the wrong
segments generated are both words. In these cases, a segment
c1 . . . ci�1 ci . . . cn can be incorrectly segmented as c1 . . . ci�1

and ci. . .cn, where c1 . . . ci�1 and ci . . . cn are either known
words or unknown words. The association among the charac-
ters c1 . . . ci�1 or among the characters ci, . . . , cn is strong
because c1 . . . ci�1 and ci . . . cn are both words in the corpus.
However, the association between ci�1 and ci may not be
strong, and therefore, c1 . . . ci�1 and ci . . . cn cannot be com-
bined to form the word, c1 . . . ci�1 ci . . . cn. We also find that
EC1 is high compared to EC5 and EC6 for both the boundary
detection and heuristic methods. EC1 constitutes 19.32% and
16.58% for the boundary detection and heuristic methods,
respectively, among all errors of commission. In this case, a
segment c1 . . . ci�1 ci . . . cn is incorrectly segmented as c1 . . .
ci�1 and ci . . . cn, where both c1 . . . ci�1 and ci . . . cn are not
words. The association among the characters c1, . . . , ci�1 or
among the characters ci, . . . , cn is not strong. If n is larger than
3, mutual information and significance estimation is not able
to measure the association among c1, . . . , ci�1 ci, . . . , cn.
However, the associations among the characters c1, . . . , ci�1

and among the characters ci, . . . , cn are relatively stronger in
c1, . . . , ci�1, ci, . . . , cn. The wrong segments, c1 . . . ci�1 and
ci . . . cn, are formed. It is difficult to avoid EC1, EC2, and EC3
in a statistical approach to automatic text segmentation unless
more statistical information can be collected from a larger
corpus or association formulae that considers n-grams where
larger values of n is used. However, an association formula
that considers longer n-grams also implies longer processing
time. The processing time can exponentially increase with a
larger value of n.
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FIG. 4. Distributions of unacceptable errors, partially acceptable errors
and acceptable errors.
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Conclusion

In this article, we propose a heuristic method for Chinese
text segmentation using the statistical approach. Such a
method employs mutual information and significance estima-
tion to measure the association among adjacent characters
and utilizes five rules to determine the segmentation points.
Experiment results show that the heuristic method is a
promising tool to segment unknown words as well as known
words. The heuristic method is substantially better than our
previously proposed boundary detection method. The preci-
sion and recall achieved by the heuristic method are both
higher than 0.9, which is more than 10% higher that the preci-
sion and recall achieved by the boundary detection method.
Error of analysis has also been presented. It was found that the
percentage of errors of commission is significantly more than
the percentage of the errors of omission using either the
heuristic or the boundary detection methods. In particular, the
heuristic method significantly reduces the number of com-
mission errors, caused by incorrectly segmenting an un-
known word (compound word) into two known words, in
comparison with the boundary detection method. Such com-
mission errors accounts for about 22% of all the errors com-
mitted by the heuristic method. On the other hand, the heuris-
tic method produced significantly more omission errors,
caused by incorrectly combining two known words or a
known word with an unknown word, in comparison with the
boundary detection method. However, such omission errors
account for only approximately 4.4% of all the errors com-
mitted by the heuristic method. In conclusion, the heuristic
method achieves significantly higher precision and recall but
it also takes significantly more time for computation.

References

Chen, A., He, J., Gey, F.C., & Meggs, J. (1997). Chinese text retrieval with-
out using a dictionary. In N.J. Belkin, A.D. Narasimhalu, P. Willett, & W.
Hersh (Eds.), Proceedings of the 20th Annual International ACM SIGIR
Conference on Research and Development in Information Retrieval (pp.
42–49). New York: ACM.

Chen, K., & Bai, M. (1998). Unknown word detection for Chinese by a cor-
pus-base learning method. Computational Linguistics and Chinese
Language Processing, 3(1), 27–44.

Chien, L.F. (1995). Fast and quasi-natural language search for gigabits of
Chinese texts. In E.A. Fox, P. Ingwersen, & R. Fidel (Eds.), Proceedings
of the ACM SIGIR Annual International Conference on Research and
Development in Information Retrieval (pp. 112–120). New York: ACM.

Chien, L.F. (1997). PAT-tree-based keyword extraction for Chinese infor-
mation retrieval. In N.J. Belkin, A.D. Narasimhalu, P. Willett, & W.

Hersh (Eds.), Proceedings of ACM SIGIR Annual International Confer-
ence on Research and Development in Information Retrieval (pp.
50–58). New York: ACM.

Dai, Y., Khoo, C.S.G., & Loh, T.E. (1999). A new statistical formula for
Chinese text segmentation incorporating contextual information. In F.
Oey, M. Hearst, & R. Tong (Eds.), Proceedings of the ACM SIGIR An-
nual International Conference on Research and Development in Informa-
tion Retrieval (pp. 82–89). New York: ACM. 

Deng, Q., & Long, Z. (1987). A microcomputer retrieval system realising
automatic information indexing in Chinese. Journal of Information
Science, 6, 427–432.  

Huang, X., Peng, F., Schuurmans, D., Cercone, N., & Robertson, S.E.
(2003). Applying machine learning to text segmentation for information
retrieval. Information Retrieval, 6, 333–362.

Lai, Y-S., & Wu, C-H. (2000). Unknown word and phrase extraction using
a phrase-like-unit-based likelihood ratio. International Journal of
Computer Processing of Oriental Languages, 13(1), 83–95.

Liu, Y. (1987). New advances in computers and natural language processing
in China. Information Science, 8, 64–70. 

Meknavin, S., Charoenpornsawat, P., & Kijsirikul, B. (1997). Feature-based
Thai word segmentation. Paper presented at the Natural Language
Processing Pacific Rim Symposium (NLPRS’97).

Nie, J.Y., Jin, W., & Hannaan, M.L. (1994, June). A hybrid approach to un-
known word detection and segmentation of Chinese. Paper presented at
the International Conference on Chinese Computing, Singapore.

Nie, J.Y., Hannan, M.L., & Jin, W. (1995). Combining dictionary, rules, and
statistical information in segmentation of Chinese. Computer Processing
of Chinese and Oriental Languages, 9(2), 125–143.

Nie, J.Y., Brisebois, M., & Ren, X. (1996). On Chinese text retrieval. In H.
Frei, D. Harman, P. Schaubie, & R. Wilkinson (Eds.), Proceedings of the
19th Annual International ACM SIGIR Conference on Research and De-
velopment in Information Retrieval (pp. 225–233). New York: ACM.

Sproat, R., & Shih, C. (1990). A statistical method for finding word bound-
aries in Chinese text Computer Processing of Chinese and Oriental
Languages, 4, 336–351.

Wu, Z., & Tseng, G. (1995). ACTS: An automatic Chinese text segmenta-
tion system for full text retrieval. Journal of the American Society for
Information Science, 46(2), 83–96.

Wu, Z., & White, J.D. (1990). Computer processing of Chinese characters:
An overview of two decades’ research and development. Information
Processing & Management, 26, 681–692.

Xia, F., Palmer, M., Xue, N., Okurowski, M., Kovarik, J., Chiou, F., et al.
(2000). Developing guidelines and ensuring consistency for Chinese text
annotation. Paper presented at the 2nd International Conference on
Language Resources and Evaluation.

Yang, C.C., Luk, J., Yung, S., & Yen, J. (2000). Combination and boundary
detection approach for Chinese indexing. Journal of the American
Society for Information Science, Special Topic Issue on Digital Libraries,
51(4), 340–351.

Yang, C.C., & Luk, J. (2003). Automatic generation of English/Chinese the-
saurus based on a parallel corpus in law [Special issue]. Journal of the
American Society for Information Science and Technology, 54(7), 671–682

Yeh, C.L., & Lee, H.J. (1991). Rule-based word identification for mandarin
Chinese sentences—A unification approach. Computer Processing of
Chinese and Oriental Languages, 5(2), 97–118.


