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ABSTRACT 

Lexicon is an essential part of Chinese Information 
Processing. In particular, compared with the basic lexicon, a 
large and perfect lexicon can effectively reduce the 
complexity and improve the precision of text parsing in TTS 
System. However, this special lexicon is hard to be 
constructed by either handwork or computer. This paper 
presents an approach to construct a large lexicon combining 
computer assistance and handwork, including the 
lexicon-iteration method of generating a large lexicon, and 
the lexicon-words selection that helps to improve the system. 
Based on this approach, we have constructed a large lexicon 
containing vocabularies about 200,000. And the experiments 
show that this large lexicon improves the efficiency of our 
system by 22.9% and the precision of word segmentation 
result by 19.0%. 
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1. INTRODUCTION 

Lexicon is an essential part of Chinese Information 
Processing. Most of the techniques on statistical language 
processing are word based. Especially, word-based statistical 
language modeling (SLM) is successfully implemented in 
many domains such as speech recognition [1], information 
retrieval [2], and spoken language understanding [3]. 

Nevertheless, the lexicon construction for Chinese has 
three difficulties: (1) the “word” in Chinese is actually not 
well defined, so there is no commonly accepted lexicon. (2) 
Chinese language is based on characters. A sentence is 
written as a continuous string of characters and word 
boundaries are not explicitly indicated. (3) New words are 
constantly created due to the explosive growth of 
information. 

In this paper, we first explain why a large lexicon can 
improve the TTS system and what kind of lexicon is needed. 
And the difficulty of lexicon construction is also put forward, 
such as the method of lexicon automatic generation and the 
criterion of lexicon-words selection. After investigating the 
related work, we present our approach, which is called 
Lexicon Iteration, to construct a large lexicon for the TTS 
system. The method of extracting words from corpus is based 
on Mutual Information and Context Dependency features, 
which are proved to be effective in Chinese Information 
Retrieval. Here, we adapt it to extract more precise words 
from open corpus for the TTS system. That is, the MI is used 
to extract words, and the CD is used to refine the words. 
Nevertheless, the lexicon may lose efficiency with some 
undesirable words included. We will investigate the problem 

in the paper and present our viewpoint. In the end, we give 
the experimental results of implementing the large lexicon 
into the TTS system, and come to a conclusion that the 
proposed approach of large lexicon construction is effective 
for the TTS system. 

The rest of this paper is structured as follows. In section 
2, we explain why we need a large lexicon for the TTS 
system. In section 3, we presented our approach to construct 
the large lexicon. In section 4, we present the experiments 
results. Finally, we give our conclusions in section 5.  

 

2. WHY IS A LARGE LEXICON NEEDED 

2.1 Difficulties in using the basic lexicon 

Chinese language is based on characters. And each 
Chinese word is a semantic concept, which is about 1.6 
characters long on average. One might believe that the 
character-based SLM can be more effective, but previous 
work has proved that a Chinese SLM based words will 
yield better results than characters [4][5], because the 
words constructed by a few characters always carry 
different meaning form characters. Therefore, a lexicon is 
essential for Chinese SLM. 

Nevertheless, there is no standard lexicon, some 
linguist may agree on the basic words added to the lexicon 
(basic lexicon, near 60,000, which is carefully designed by 
Chinese linguists and is widely used in Chinese 
Information Processing), however, as far as the TTS system 
is concerned, there are some shortages with the basic 
lexicon.  

One problem in Chinese Information Processing is 
that Chinese words do not have explicit POS, just as verbs 
can be used as adjectives. For example: there are two 
comparable strings 我们建设银行 and 中国建设银行, they 
have these components according to basic lexicon: 中国

(China, noun), 我们(We, noun), 建设(construct, verb ), 
银行(bank, n). The two strings are composed by the same 
POS array. But the first one is a typical sentence structure 
as subject(n)–predicate(v)–object(n) which means that “we 
construct  bank”, while the second is a compound noun as 
“China Construction Bank”(a national bank of China). So 
adding the second string 中国建设银行 to large lexicon is 
helpful to Chinese Information Processing. Furthermore, 
this issue frequently occurs in newly created word, such as 
操作系统 (Operating System),控制面板(Control Panel), 
both composed by a verb and a noun, however they are not 
verb-object phrase but merely compound words.  

On the other hand, the TTS system deals with open 
corpus, which cover various domains, such as daily news, 
stock reports, www web documents, and all kinds of books.  
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In this sense, the system should handle the following 
Problems:  
(a)  The text is combined Chinese, English, numbers, 
various symbols and a great deal of unexpected characters, 
such as PⅢ-800 and 奔 3-800. 
(b) A lot of newly created words on computer technology 
and Internet are not included in the basic lexicon. Not only 
many Chinese words, such as 图标, 位图, 网管; But also 
plenty of English words, such as DOS, ICQ, DirectX, 
WINNT, OpenGL. These words may cause ambiguity both 
in text paring and in speech synthesis. 
(c) A lot of ancient Chinese adages and poems. Chinese 
is rich in adages or poems, which are frequently quoted in 
daily speech, such as “有志者事竟成”, “路遥知马力，事久

见人心”, “一言既出，驷马难追”。 However, these adages 
and poems are always made up of ancient prose, compared 
with the language nowadays, they are different both in 
syntax and in meaning. This phenomenon is a great 
difficulty for text parsing. 
(d) Some proper noun and people’s names. Such as “江
泽民”, “福尔摩斯”, “英特尔”(Intel), “暗黑破坏神” 
(Diablo game), and “令狐冲”, “武当派”, “降龙十八掌”. 
Some of them are difficult to be distinguished as words by 
grammar rules. 

2.2 Advantages of using a large lexicon 

Considering all these factors, we prefer a lexicon with 
highly rich vocabularies and longer words, even phrases 
and sentences. There are two major advantages: 
(1) To reduce the complexity of the system. 

The TTS system is a real-time system. A large lexicon 
with rich vocabularies and longer words and phrases will 
cut down the units of the word-segmentation result. 
Therefore, the complexity of text parsing reduces and the 
speed of the system increases. 
(2) To improve the precision of the system. 

Statistic model or grammar rule could resolve the 
problems described above, but they doesn’t yield 
satisfactory result and cost lots of time. With a large lexicon, 
the system is more precise and cost much less time. As the 
factors of complexity and precision are taken into account, 
the large lexicon is better for the system. 

On all accounts, it is certain that a large lexicon is 
helpful and necessary in the TTS text parsing procedure. 
The large lexicon not only improves the precision of 
parsing, but also greatly reduces the complexity. In [4], it is 
also mentioned that the word-based approach using both 
long and short words does better than only short words.  

Nevertheless, there comes up two problems: One is 
how to get the words for the large lexicon, it is too huge for 
handwork while computer work does not seem very reliable; 
the other is that blindly adding new words to the lexicon 
will damage the quality of lexicon [8]. Some words may 
lead to word segmentation ambiguity in a number of cases 
while some words will not in most cases. So what kinds of 
words should be added into the lexicon? These two 
problems will be discussed in the following. 

 

3. HOW TO CONSTRUCT LARGE LEXCION 

However, a large lexicon is hard to be constructed by 
handwork because of the huge workload. In addition, we 
need to add newly created word constantly. But computer 
work may not yield precise result and damage the lexicon. 
The best way is to combine computer assistance and 
handwork in order to guarantee a rich and perfect lexicon for 
the system. That is, we can first use computer to extract new 
words from large corpus based on a language model, and then 
refine the extracted words by only a little handwork. 

3.1 Introduction of Related works  

There are many related works on lexicon modeling in 
recent years. In [5, 6], the elements of the lexicon can be 
words or any other “segment patterns”, which are extracted 
from the training corpus by statistical approaches. E.P. 
Giachin [7] has studied the effects of adding phrase 
bi-grams to the lexicon, and has found that it can greatly 
reduce the perplexity of a language model. Although [5] 
and [6] present a new direction for Chinese lexicon 
modeling, the approaches are difficult to implement and 
evaluate efficiently. [7] And [8] provide some heuristics of 
lexicon build, but they did not take Chinese into account. 
Moreover, blindly adding new words to the lexicon will 
damage the quality of lexicon [8]. J. Zhao [9] has studied 
the statistical language model for lexicon optimization. On 
all accounts, the Mutual Information and Context 
Dependency method is widely applied, and proved to be 
effective in Chinese Information Retrieval. 

3.2 Technique description 
   Having investigated the related works on lexicon 
modeling, we find that the Mutual Information and Context 
Dependence method is most helpful to us in the large lexicon 
construction. This method has been discussed in [9, 10, 11, 
and 12]. The basic idea is that Chinese new words should 
appear as a stable sequence in corpus. That is, components in 
the word are strongly correlated, while the components lie at 
both ends of the word should have low correlations with 
other words. 

The Mutual Information & Context Dependence 
method is defined as follows. 

3.2.1 Mutual Information 

We use a criterion named mutual information to 
evaluate the correlation of different components in the new 
word. Mutual information MI(x, y) for bi-gram is estimated 
by: 
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Where f (x) is the occurrence frequency of word x  in the 
corpus, and f(x, y) is the occurrence frequency of the word 
pair f(x, y) in the corpus. 
 In the same way, for n-gram, the Mutual Information 
is defined as:  



  
3.2.2 Context Dependency 

The Context Dependency feature is used to evaluate if 
a word is the semantic complete. We argue that the 
extracted Chinese words should be semantically complete. 
That is, we should generate a whole word, not a part of it. 
For example, 军事打击计划  (army attack plan)is a 
complete word, and 军事打击  (army attack) is not, 
although both have relatively high value of mutual 
information. 

Therefore, we use another feature, named context 
dependency. The contexts of the word 打击(attack) are 
illustrated by figure 1. 

 

A compound word X has NO left context dependency if 

 
Where t1, t2 are threshold value, f(x) is frequency, L is the 
set of left adjacent strings of X, α ∈L and LSize means the 
number of unique left adjacent strings. 
Similarly, a compound word X has NO right context 
dependency if 

 
Where t3, t4 are threshold value, f(x) is frequency, R is the 
set of right adjacent strings of X, β ∈L and RSize means the 
number of unique right adjacent strings. 

3.2.3 Features for words(characters) sequences 

Besides the MI and CD, our experiments show that the 
Occurrence frequency is also a helpful feature in word 
extraction. 

Now, for a words (characters) sequence, we use  3 
features to evaluate whether it is a lexicon-word or not, 
which are: Mutual Information (MI), Context Dependency 
(LSize, MaxL, RSize, and MaxR), and Occurrence 
frequency of the sequence (FREQ). 

The MI and FREQ are effective to extract longer 
words or phrases from corpus, and the CD is effective to 
distinguish whether they are semantically complete. 

3.3 Proposed Approach to Construct Large Lexicon  

After investigating all the techniques described above 
for word extraction, we propose the method to large lexicon 
construction for the TTS system. 

This method is called Lexicon Iteration. Firstly, we 
need an initial lexicon, which consists of the basic Chinese 
words and English words. The basic Chinese words lexicon 
is carefully designed by Chinese linguists. It covers 6763 
frequently used Chinese characters and 57576 items [13]. 
Then, with a large and open corpus, we take four steps: 
(1) Search new words (MI and FREQ) 

Compute the MI and FREQ of a word sequence 
(n-gram), select thresholds of MI and FREQ to get 
candidates of new words. 
(2) Refine new wordsⅠ(CD) 

Compute the CD of the words, which are obtained 
from Step (1), select a threshold to delete the semantically 
incomplete words. 
(3) Refine new wordsⅡ (Handwork ) 
   Check the words obtained from Step (2) by handwork 
to ensure that the lexicon is a perfect one. 
(4) Lexicon Iteration  

Take the new lexicon as the initial lexicon, and repeat 
Step (1). 

3.4 Discussion on Lexicon-words selection 
We’ve presented the approach to construct the large 

lexicon. However, the lexicon may be damaged with some 
undesirable words included, because the longer words or 
phrases are likely to cause word segmentation ambiguities. 
To ensure the efficiency of the lexicon, we just add the 
noun words to lexicon, which can be divided into 7 classes: 
(1) Compound words or phrases composed of the basic 

words. Such as “中华人民共和国”(People's Republic 
of China), “经济体制”(economic system) . 

(2) Some words combing various characters. Such as PⅢ
-800. 

(3) Newly created single words on computer science or 
Internet. Such as “图标”(icon), “网管”(webmaster). 

(4) Chinese adages and poems. Such as “一言既出，驷马

难追”. 
(5) Proper noun words. Such as “武当派”, “少林寺”, “英

特尔”. 
(6) Some people’s names. Such as “ 江泽民 ”(Jiang 

Zemin), “福尔摩斯”(Sherlock Holmes).  
The words in classes 5 and 6 are used in the 

unregistered-word recognition module, which uses both 
rule and lexicon to recognize proper noun or people name 
more effectively. 

The words in classes 2, 3, 4 will cause little 
ambiguities in most instances or the ambiguities can be 
prevented by the max forward-backward word 
segmentation algorithm. Such as the word “图标”(icon), 
there may exists “地图标记”(map mark) in the text, but the 
word segmentation result is certainly “地图”+“标记” under 
the max forward-backward algorithm. 

As for the words in classes 1, in most instances, they 
do no harm to the lexicon because they are stable and 



semantically complete, which is guaranteed by the MI, 
FREQ and CD features. Such as “中华人民共和国”, “联合

国安理会”, “经济体制”, “车臣武装分子” etc. But there 
are some instances which must be discussed here: 
(a) One is the compound word with verb-noun structure. 
For example, the word “操作系统” means OS in computer 
science, but it can be divide to “操作”(Operate ) + “系
统”(System) in some sentence such as “操作系统的工作人

员 ”(workers who operate system ), so the semantic 
ambiguities  occurred. However, we found that the rhythm 
tree is correct because it is always stable in speech. So this 
kind of words could work well for the TTS system. 
(b) Another is the word cover problem. For example, the 
word “投资方” is a complete word and is included in our 
lexicon, while the new corpus may contain the text “在投

资方面, …”, here the ambiguities aroused because the “投
资方面” must be segmented to “投资” + “方面”, not “投资

方” + “面”. To resolve this problem ,one way is to delete 
the “投资方” from lexicon, the other way is to add the “投
资方面” to the lexicon too. The latter one can be well done 
with method of Lexicon Iteration and it proved to be 
effective. We call this problem word cover problem. 
(c) However, it is dangerous to add the compound words 
ending with verbs  For example, the word “环保组织” 
means “Environmental Protection Organization”. But in the 
text “为环保组织一场宣传活动”, the word segmentation 
ambiguity arouses, and this defect is difficult to prevent 
now. 

In general, for the words in class 1, we can add the 
compound words whose last sub-words only have noun pos, 
because the MI, FREQ and CD features and the Lexicon 
Iteration Method qualify them. However, if the last part of 
a compound word has verb pos, this compound word is 
dangerous to be included in the lexicon. 

 

4. EXPERIMENTS AND DISCUSSION 

4.1 Experiments and Result 

In our experiments, the corpus consists of four 
domains: News (People’s Daily), Stock, novels and WWW 
web document, the total size of the corpus is 500M.  

Through the proposed approach, we construct a large 
lexicon containing vocabularies about 200,000. 

4.2 Tests on large lexicon construction 

We implement the new large lexicon to our text parsing 
procedure of the TTS system. And the experiments show 
that, compared with the old basic lexicon, this new large 
lexicon improves the efficiency of our system by 22.9% and 
the precision of word segmentation result by 19.0%. 

 

5. CONCLUSION 

In this paper, we investigate the large lexicon 
construction for the TTS system. We first explained why 
we need a large lexicon for the TTS system. We also 
discussed the lexicon-word selection and presented the 

approach to construct the large lexicon. 
Through our experiments, we come to the conclusion 

that a large lexicon is valuable and necessary to the TTS 
system, and the proposed approach of large lexicon 
construction is effective. 
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