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ABSTRACT 
Chinese language is quite different from many western 
languages in various structural features. It is not 
alphabetic. Large number of Chinese characters are 
ideographic symbols. The monosyllabic structure, the 
open vocabulary nature, the flexible wording structure 
with tones, and the flexibilities in word ordering are 
good examples of the structural features of Chinese 
language. It is believed that better results and 
performance will be obtainable in developing Chinese 
spoken language processing technology, if such 
structural features of the language can be well 
considered. This paper reviews such structural features 
of Chinese language, presents an integrated  framework 
for Chinese spoken language processing technology 
developments based on such structural features, 
considers the general trend toward a future network era, 
and summarizes the current status on various spoken 
language processing tasks including dictation systems, 
information retrieval, dialogue systems, and 
text-to-speech synthesis. 
 

1.INTRODUCTION 
It is generally realized today that speech recognition 
technology has matured to a point where the achievable 
scope of tasks, accuracy, speed, and the cost of such 
systems are almost simultaneously crossing the threshold 
for practically usable systems. Many applications have 
already been developed and used, and many others are 
being contemplated currently [1,2]. On the other hand, 
the improved computer technology and new technical 
environment such as the Internet today has very naturally 
extended the speech recognition technology to a much 
wider scope, i.e., the spoken language processing 
including such areas as linguistic knowledge processing 
and integration, spontaneous speech processing, 
telephony applications, speech understanding, dialogues, 
and information retrieval. 
For the Mandarin Chinese, however, the input of Chinese 
characters into computers is still a very difficult and 
unsolved problem. Speech recognition or spoken 
language processing is believed to be the perfect solution 
to this problem, but with many very challenging 
technical issues yet to be solved. The 1.2 billion Chinese 
people would spend a vast amount of money purchasing 
computers, peripherals, networks, software packages, 
and other relevant products to computerize their 
communities - if their language could be conveniently 
entered into computers just as western alphabetic 
languages are. The demand is there, the market will 
someday be huge, and the potential impact on related 
areas is almost unlimited. 
Chinese language is quite different from many western 

languages in various structural features. It is not 
alphabetic. Large number of Chinese characters are  
ideographic symbols. The monosyllabic structure with 
tones, the open vocabulary nature, the flexible wording 
structure, and the flexibilities in word ordering are good 
examples of the structural features of Chinese language. 
It is believed that better results and performance will be 
obtainable in developing spoken Chinese language 
processing technology, if such structural features of the 
language can be well considered. This paper reviews 
such structural features of  Chinese language, presents 
an integrated framework for Chinese spoken language 
processing technology developments based on such 
structural features, considers the general trend toward a 
future network era, and summarizes the current status on 
various spoken language processing tasks including 
dictation. But the focus of discussions is primarily based 
on the work done at Taiwan University and Academia 
Sinica at Taipei, simply because this is the part of the 
work the author is most familiar with. 
In the following, Sections 2 and 3 will present a vision 
for future Chinese spoken language processing 
technology in a network era and a proposed framework 
for integrated Chinese language and speech processing 
technology development based on such a vision. Section 
4 will summarize the structural features of Chinese 
language having to do with spoken language processing. 
Sections 5-9 will then present examples for the basic 
technology necessary for the proposed framework, 
indicating that all of them have to do with the structural 
features of the Chinese language. Section 10 will give an 
example architecture for these basic technologies to be 
integrated into attractive applications. Sections 11-15 
will then summarize the current development status for 
several Chinese spoken language processing application 
tasks. Some future perspectives will be discussed in 
section 16, and the concluding remark will finally be 
made in section 17. 
 

2. THE VISION OF CHINESE SPOKEN 
LANGUAGE PROCESSING TOWARD A 

NETWORK ERA 
As the network technology will be connecting 
everywhere globally in the future network era, in which 
huge volume of information can be disseminated across 
the globe in microseconds. Almost all 
information-related activities and services will be 
performed on the network. Digital libraries, information 
retrieval, electronic commerce and distant learning are 
good examples of them. Such a network environment 
actually creates a completely new space with many 
difficult new challenges for spoken language processing 
technology developments. In many cases speech 
interfaces for users to access the network services will be 
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Fig 2. The Vision of Chinese Spoken Language Processing in the Future Network Era 
 
 
and speech recognition may play very special roles. On 
the other hand, the unlimited volume of linguistic 
resources available via the network, in both text and 
audio form, also provide a variety of new opportunities 
for spoken language processing technology developments. 
The multi-lingual and multi-media nature of the network 
information actually requires much more active 
interaction between the speech recognition processes and 
many other information processing technologies such as 
information retrieval, natural language processing, 
databases, multi-media, and networking technologies. The 
dynamic and ever-changing nature of the networked 
information also requires the speech recognition 
approaches to be intelligent and adaptive, so as to be able 
to handle the “live” information over the network. For 
example, the Internet-based resources are not only huge, 
unlimited, produced globally and disseminated 
world-wide, on almost all possible subject domains, but 
are dynamic, up-dating, ever-growing, exploding, and 
ever-changing. Such network environment actually makes 
spoken language processing a completely new research 
area significantly different from how it has been before. 
Furthermore, as the integrated networks will become the 
central platform for all information-related activities as 
well as software developments in the future, more 
different types of user terminal equipments will be 
available, including telephone sets, interactive TV, 
personal digital assistants, wireless handset, etc., while 
personal computers with ever-advancing computational 
capabilities will be only a part of them. The client-server 
network architecture will remove the requirements that all 
necessary processing should be performed on the user 
terminal equipments, and the speech recognition 
functions can be more distributed and no longer focused 
on personal computers. The block diagram of such 
Chinese spoken language processing technology under 
future network environment is shown in Fig1, in which 
the networks and network activities will be the core and 
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Fig 3. A Framework for Integrated Chinese Language and Speech Technology towards A Network Era 
 
other cases the voice conversational interfaces will be 
very helpful, because the users can receive the services 
only after some voice dialogues with the network. Other 
applications may include voice retrieval of network 
resources, voice-directed network information processing, 
etc. In order to develop the needed application tasks, a set 
of basic technology will be required, i.e., the integrated 
Chinese language and speech technology, in which the 
various Chinese speech and language processing 
technologies will be properly developed in an integrated 
way. Such a vision will be the base for the discussions in 
the rest of this paper. 
 

3.  AN INTEGRATED FRAMEWORK 
PROPOSED FOR CHINESE SPOKEN 

LANGUAGE PROCESSING TECHNOLOGY 
DEVELOPMENT 

Based on the vision mentioned above, an integrated 
framework for Chinese spoken language processing 
technology development is shown in Fig. 3. The basic 
idea is to integrate substantially various Chinese language 
processing technology with the speech technology, so as 
to construct a framework of Chinese spoken language 
processing toward the network era. There are several key 
considerations in the integration. First, it is well known 
that successful speech technology has to rely on the 
support of linguistic knowledge, with lexicons and 
language models being the most typical examples[3-6]. 
Therefore developing helpful linguistic knowledge to be 
used in speech technology is certainly the first key 
consideration. But there are much more than this. 
Considering the plurality of applications in the future 
network era, in many cases it will be highly attractive to 
be able to extract some knowledge or information from 
the network resources, and to be able to understand the 
intention of the speakers or users, instead of simply 
transcribing the input speech utterances into character 
strings and forwarding them to the network. Therefore the 

capabilities of network knowledge and information 
extraction and user speech understanding are the second 
key consideration. On the other hand, as mentioned 
previously, the network resources are dynamic and 
ever-changing, and many applications have to do with the 
content of the network resources. Therefore it will be 
highly desired that the spoken language processing 
technology can be kind of intelligent , so as to be able to 
adapt to the dynamic and ever-changing network 
resources, and this will be the third key consideration of 
the integration. Finally apparently the structural features 
of the Chinese language will play key roles in all the 
above three key considerations , and become the fourth 
key consideration for Chinese Spoken language 
processing technology. Chinese language is not alphabetic 
and has linguistic structures significantly different from 
most western alphabetic languages [6]. It is believed that 
by carefully considering these structural features of the 
language, the spoken language processing technology 
should be able to do much better than those simply based 
on concepts developed for alphabeic western languages.  
As can be found in Fig. 3, the language processing 
technology will need a set of network information 
processing technology to handle the dynamic and 
ever-changing network resources as shown on the left of 
the figure, including automatically collecting, classifying, 
indexing the network documents and constructing the 
dynamic lexicons as typical examples. A set of language 
understanding technology to analyze the language based 
on the lexical knowledge and the grammar, together with 
another set of knowledge and information extraction 
technology including information retrieval, information 
extraction and keyword extraction techniques as typical 
examples, will be needed as shown in the middle of the 
figure. Next to the right is the language modeling 
technology, which is the part of language processing 
technology closest to the speech processing technology 
and most familiar to the spoken language processing 
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community. All the four parts of the language processing 
technology are actually closely related to each other, and 
high degree of interaction among them will definitely be 
needed. Of course, while developing these four parts of 
language processing technology, the structural features of 
Chinese language will always be a key factor. Only when 
all these language processing technologies are well 
developed and successfully integrated with the speech 
processing technology as shown on the right part of Fig. 3, 
can the vision of intelligent information environment 
handling Chinese spoken language as mentioned above be 
realized. 
In the following, the structural features of Chinese 
language will first be briefly summarized, and examples 
of how such structural features can be considered in the 
development of each specific technology will then follow. 
 

4.  STRUCTURAL FEATURES OF CHINESE 
LANGUAGE 

Chinese language is quite different from many western 
languages in various structural features[6]. It is not 
alphabetic. Large number of Chinese characters are 
ideographic symbols. Almost each Chinese character is a 
morpheme with its own meaning. A "word" is composed 
of one to several characters, with meaning sometimes 
related somehow, sometimes completely different from 
the meaning of the component characters. Some of the 
words are "compositional", i.e., the meaning of the word 
have to do with the meaning of the component characters, 
such as the characters "大 (big)" and "學 (learning)" 

forming a word "大學  (university)", but some other 
words are actually "ideographic", such as the characters "
和 (harmony)" and "尚 (prefer)" forming a word "和尚 
(monk)", i.e., the meaning of the word is completely 
different from the meaning of the component characters. 
A nice feature is that all the characters are pronounced as 
monosyllables, and the total number of phonologically 
allowed syllables is limited, 1345 for mandarin. Chinese 
is also a tonal language, each syllable is assigned a tone. 
There are 4 lexical tones plus a neutral tone for Mandarin, 
and this number can be slightly higher for some other 
dialects. When the difference in tones is disregarded, the 
total number of syllables in Mandarin is reduced from 
1345 to 416 for Mandarin, or other similar numbers for 
some other dialects. The small number of syllables also 
implies large number of homonym characters sharing the 
same syllable. As a result, each syllable represents many 
characters with different meaning, and the combination of 
these syllables (or characters) gives unlimited number of 
words and sentences. This is referred to as the 
“monosyllabic structure” of Chinese language. There are 
hundreds of dialects in Chinese, with Mandarin being the 
only official dialect.  
The wording structure in Chinese language are extremely 
flexible. For example, a long word can be arbitrarily 
abbreviated, such as "台灣大學 (Taiwan University)" 

being abbreviated as "台大", and new words can be easily 

generated every day, such as the characters " 電 

(electricity)" and "腦 (brain)" forming a new word "電腦 
(computer)". These have to do with the fact that every 
character has its own meaning, and thus they can play 
some linguistic role very independently. Furthermore, 
there are no "blanks" in written or printed Chinese 
sentences serving as word boundaries. As a result, the 
"word" in Chinese language is kind of not very well 
defined, the segmentation of a sentence into a string of 
words is definitely not unique, and there never exists a 
commonly accepted lexicon. Such situations make the 
Chinese linguistic processing very special and 
challenging. For western alphabetic languages, since the 
words are well defined, linguistic processing is primarily 
word-based, such as based on a lexicon of words and 
word (or word class) based language models. For Chinese 
language , since the words are not easy to identify, special 
measures are usually needed.  
Another special feature of Chinese language is its 
sentence structure. The degree of flexibilities in word 
ordering in sentences seems to be quite special. A good 
example is in Fig.4. When the several words or phrases, 
“我(I)”, “明天(tomorrow)”, “早上(morning)”, “六點半
(six thirty)”, “要(would like to)”, “出發(depart)”, are put 
together into a sentence saying, “I would like to depart at 
six thirty tomorrow morning”, there are almost 
unbelievably many different ways to permute those words 
or phrases in a valid sentence. On the other hand, there 
certainly exists strong enough grammar rules governing 
the ways the words can be put together into sentences. 
Such phenomena also makes language modeling and 
understanding problem quite special for Chinese 
language. 
 
    明天    早上    六點半  我    要         出發 

(tomorrow) (morning)  (6:30)  (I) (would like to)  (depart) 
 

明天早上六點半我要出發 
我明天早上六點半要出發 
我要明天早上六點半出發 
明天我早上六點半要出發 
明天我要早上六點半出發 
明天早上我六點半要出發 
明天早上我要六點半出發 
我明天早上六點半要出發 
我明天要早上六點半出發 
明天我早上要六點半出發 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. The Flexibilities in Word Ordering for Chinese      

sentences 
 
5.  ACOUSTIC RECOGNITION CONSIDERING 

THE STRUCTURAL FEATURES OF CHINESE 
LANGUAGE AS WELL AS THE ROBUSTNESS 



ISSUES 
The monosyllabic structure mentioned above is certainly 
the most important feature of Chinese language in terms 
of acoustic recognition. As a result most works on 
acoustic recognition of Chinese speech is based on the 
syllabic recognition, although for other languages 
syllables are usually not recognized in most cases, but 
phones or some other similar acoustic units are 
recognized instead. The tone associated with the Chinese 
syllables is another important feature, since the tone 
carries lexical meaning. This is why recognition of the 
tone becomes another important problem. Successful 
recognition of syllables and tones usually relies on good 
understanding of the phonetic structure of Chinese 
syllables, which is listed in Table 1 for Mandarin syllables. 
The base-syllables are those with tones disregarded. The 
INITAL/FINAL decomposition is a conventional format, 
in which INITAL is the initial consonant of the syllable, 
while FINAL is everything after that in the syllable, 
usually the vowel or diphthong part but including 
optional medials and nasal edgings. The numbers in the 
table are the total number of the class of the units in 
Mandarin when the  context is not considered. The tone 
is primarily recognized with pitch information, either 
separately as an isolated unit to be recognized, or 
combined with the FINAL or other units and recognized 
as a whole. For continuous fluent speech recognition, the 
syllable recognition is usually base on a set of 
“subsyllabic units” considering the phonetic structure of 
the syllables. The “subsyllabic units” may be the 
INITAL/FINAL, may be the phone, or some other 
phone-like-units. Different levels of context dependency 
can be included, depending on various considerations. In 
most cases intra-syllable context dependency alone is 
very helpful, but including inter-syllable context 
dependency is always better as long as enough training 
data is available [6]. 
 

Syllables (1,345) 

Base-syllables (408) 

FINAL’s (37) 
INITIAL’s 

(21) Medials 
(3) 

Nucleus 
(9) 

Ending 
(2) 

Consonants 
(21) 

Vowels plus Nasals 
(12) 

Phones (31) 

Tones 
(4+1) 

 
Table 1.The Phonetic Structure of Mandarin Syllables 
 

There have been in recent years significant developments 
and advances in the area of  acoustic   recognition, 
whose core is apparently the issues on robustness in 
recognition with respect to various acoustic 

conditions[7-11]. Different speakers, background noise 
and interference, channel and microphone conditions, 
speaking rates, speaking modes are good examples of 
them. Most of such problems and solutions are universal 
for all languages including Chinese. Substantial results 
have been reported on many relevant topics. Broadcast 
news processing, car and adverse environment 
recognition, telephone speech processing, recognition for 
kids, robust features, model adaptation and learning, 
microphone array processing, utterance verification, key 
phrase spotting, speech enhancement are good examples 
of them. Most of them equally apply to Chinese language, 
although phonetic characteristics of Chinese language 
have to be carefully considered. Among the many results 
obtained recently, a set of typical example experiments is 
given here serving simply as a reference. The speech 
database was obtained from Chunghwa Telecom of 
Taiwan, recorded from the public services telephone 
network in Taiwan. Each of the total of 113 speakers 
produced 120 utterances in fluent, continuous speech 
mode, and a good portion of them are quite spontaneous. 
The signal-to-noise ratios range from 10 to 28 dB, in most 
cases between 17 and 23dB. The length of the utterances 
ranges from 5 to 12 characters with an average of 7.8 
characters. Some of the telephone transmission is within a 
city, some across the island. The data for 100 speakers, 51 
male and 49 female, with total length of 5.2 hrs are used 
for training, the rest 13 for testing. The testing data have 
completely different utterance texts from those in the 
training data. By carefully considering acoustic modeling 
issues including model configurations, unit selection, 
parameter sharing schemes and degree of context 
dependency, as well as robustness issues including 
channel compensation techniques such as improved 
signal bias removal and additive noise compensation 
techniques such as parallel model combination, the 
current best syllable recognition rates for the above 
speech database achieved are on the order of 61% to 65% 
for male speakers and 57%  to 61% for female speakers.  
These numbers are not very high yet, but many 
applications are already possible. 

 
6.  EXAMPLES OF SPECIAL MEASURES FOR 

CHINESE LANGUAGE MODELING 
Here a few examples for special approaches handing the 
Chinese language  modeling problem will be briefly 
presented, although certainly other approaches also exist. 
They are the PAT-tree-based   language modeling [12], 
and the statistical segment pattern lexicon [13]. 
PAT tree is an efficient data structure successfully used in 
the area of information retrieval[14,15]. In this data 
structure, all possible character segments including 
subsegments of a text collection can be stored, retrieved 
and updated in a very efficient way. As a result, instead  
of keeping all neighboring relations for 2 or 3 words or 
characters as was done in the conventional bi- or tri-gram 
word or character based language models, the PAT tree 
actually provides effective indices to all possible 
segments of characters with an arbitrary length N, where 
N can be significantly larger than 2 or 3, together with the 



frequency counts for these segments in the text collection 
or training corpus. In this way, the PAT tree effectively 
provides statistical parameters for all possible character 
segments with an arbitrary length N to appear in the 
training corpus, to be used as N-gram language model 
parameters. Note that in this case a character segment can 
be a word, a concatenation of several words, a part of a 
word, or a concatenation of words and parts of words, etc. 
This is one approach to handle the flexible wording 
structure of Chinese language as mentioned above. So the 
PAT-tree-based language model here is very helpful in 
Chinese language modeling. 
The concept of the statistical segment pattern lexicon is a 
different approach. The elements  in this new lexicon, 
called segment patterns here, is a segment of several 
characters, which can be either words, or phrases, proper 
nouns, compound words, commonly accepted templates, 
etc., many of which are  "out of vocabulary (OOV)"  
words for most conventional lexicons, but will be very 
helpful for speech recognition purposes if being included 
in the lexicon. Such elements in this new lexicon can be 
extracted from the training corpus (or network resources) 
by statistical approaches, with a criterion to find a best set 
of elements for N-gram models which can minimize the 
overall perplexity. The language models can then be 
developed based on these "segment patterns". There are 
many advantages of this approach. The problem that the 
word is not well defined and the wording structure is very 
flexible is actually bypassed, while the lexicon can be 
defined directly considering the speech recognition 
purposes only. The new words can be included 
automatically as long as they appear frequently in the 
training corpus(or network resources), and the approach 
is statistical and automatic, completely independent of the 
human knowledge. Multiple lexicons for different task 
domains can be constructed as long as the corpora are 
available. The "OOV" problem can be solved to a good 
extent. In fact, in this way a "dynamic lexicon" can be 
obtained reflecting the "live" language, as long as the 
dynamic training corpora are available. Some preliminary 
testing results for this approach is listed in Table 2. The 
training corpus includes news articles published in Taipei 
with a total of 20 M characters, while the testing corpus is 
similar news articles not used in training with 1.7 M 
characters. The baseline lexicon to be compared is the one 
developed by the Chinese Knowledge Information 
Processing (CKIP) group of Academia Sinica at Taipei. 
The extracted lexicon can have any desired size, from 
33K to 93K patterns in Table2. The baseline CKIP 
lexicon has 64 K words. When 63 K patterns were 
automatically extracted, only about 31 K of them are also 
in the CKIP lexicon, the other 32 K are in fact "OOV". 
Examples of such "OOV" include "深表", "單就", "暫不", 

"必要時", "卻只有", "陳水扁", "開發中", "大受影響", "

在現階段", "進行瞭解", "通盤檢討", etc. Such patterns 
are very helpful in speech recognition. In fact, only 23-35 
K words in the CKIP lexicon can be extracted as segment 
patterns when 

 

 
CKIP Extracted Segment Pattern Lexicon 

Lexicon 
64K 33K 43K 53K 63K 73K 83K 93K

Pattern number 
in CKIP 64K 23.3K 26.1K 28.6K 30.7K 32.4K 33.8K 35.3K

Pattern number 
outside of CKIP 0 9.7K 16.9K 24.4K 32.3K 41.6K 49.2K 57.7K

Perplexity for 
word 

(pattern)-based 
bigram 

52.15 50.37 48.85 47.8 47.08 46.61 46.23 45.89

Character error 
rate 15.13 16.04 15.12 14.34 14.28    

Table 2. Experimental results using the segment pattern lexicon 

the desired number of patterns ranges from 33 K up to 93 
K.  Both the perplexity and the character error rate were 
improved as well. 

 
7.  EXAMPLES OF INITIAL EFFORTS IN 

CHINESE LANGUAGE UNDERSTANDING 
In order to understand the language, a lexical 
knowledgebase is first needed. Such a knowledge base for 
Chinese language has been developed by the Chinese 
knowledge Information Processing (CKIP) Group of 
Academia since at Taipei. Based on a complete syntactic 
hierarchy and a complete semantic hierarchy, each word 
entry in the knowledgebase has complete linguistic 
information such as syntactic and semantic categories, 
basic patterns, adjunct precedence, as well as linguistic 
rules, forms and constraints. A total of more than 80,000 
word entries covering almost all frequently used words in 
daily language has been included. With this 
knowledgebase and various approaches, an automatic 
tagger was developed and used to tag the parts-of-speech 
to the words in large corpora [16]. At the present a tagged 
corpus of more than 5 million words has been developed, 
which is very useful in various linguistic analysis 
problems. 
On the other hand, an Information-base Case Grammar 
(ICG) for the Chinese Language was also developed by 
the CKIP group. A total of about 200 semantic features 
were used, and parts-of-speech combinatory rules for 
syntactic information were developed. This grammar can 
be used to analyze Chinese sentences, and some of the 
grammar rules can in fact be integrated into the language 
models to handle the global structures of the sentences 
better. A Chinese sentence parser was then developed to 
parse the sentences based on the grammar and the lexical 
knowledgebase. It is a head-driven chart parser [17]. At 
present more than 70% of the sentences in the newspapers 
can be parsed completely. In many cases, in fact , as long 
as some part of a sentence can be parsed, the result will 
be very useful in language understanding.  
 

8.  EXAMPLES OF INITIAL EFFORTS IN 
KNOWLEDGE AND INFORMATION 

EXTRACTION TECHNOLOGY 



Here automatic extraction of keywords or key phrases 
from Chinese text documents is taken as the first example 
for initial efforts in Chinese knowledge and information 
extraction technology. Relevant research for western 
languages have been in good progress in recent years. 
However, for Chinese language, due to the structural 
feature that Chinese words are not well defined and 
wording structure is very flexible, the problem of 
extracting key words or key phrases becomes much more 
challenging. Here one such approach is briefly 
summarized [19,20]. The basic idea is that all possible 
segments of characters in the given text are taken as 
candidates for keywords or key phrases in the beginning, 
and those who can’t be keywords or key phrases are then 
deleted by statistical approaches. Assume W = 
w1,w2,….wn  is a segment of n characters, let Ws and We 
be the longest starting and ending sub-segments of W, i.e., 
Ws = w1,w2,….wn  and We = w2,w3,…wn-1, as shown in 
Fig.5. The frequency counts of W, Ws and We in the text 
are then used to check carefully if W is more “complete” 
in meaning than its sub-segments Ws and We. For 
example, if Ws and We appears only in W in the text but 
not in any other way, then W is more “complete” in 
meaning. On the other hand, let Wl be a segment 
appearing next to the left of W somewhere in the text and 
Wr be a segment appearing next to the right of W 
somewhere in the text, as also shown in Fig.5. The 
numbers of such different segments Wl and Wr and their 
frequency counts in the text are then used to check 
carefully if the segment is used freely in the text. For 
example, if W is only the left part of a longer phrase W′ 
= w1,w2,…wn,wn+1,wn+2, then very often only Wr = 
wn+1,wn+2 can be found in the text and the right context of 
W is highly limited. In this way many segments W can be 
deleted because they can’t be a word or a phrase with 
“complete” and “significant” meaning. The segments 
obtained in this way very often include many frequently 
used words or phrases not specific for any subject domain. 
They can be found and removed by checking with a 
lexicon with commonly used words or phrases, or some 
data structure constructed from a large collection of texts 
with many different subject domains. Note that all the 
above processes become very straightforward if the target 
texts are used to construct a PAT tree as mentioned above, 
because all the segments and corresponding frequency 
counts are readily available from the PAT tree, and the 
PAT tree can be easily updated any time. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.Automatic Key Phrase Extraction Based on the 

Association for the Sub-segments and the Right/Left 

Context Dependency 
 
In an initial experiment, keyword and key phrase 
extraction was performed on a collection of 2.5 MB of 
Chinese news obtained from the Internet. The results are 
listed in Table 3., where “phrase length” is the number of 
characters in a keyword or a key phrase. Since keywords 
or key phrases with different lengths behave differently in 
Chinese, for example the three-character keywords are 
very often personal names, and the four-character or 
longer key phrases are very often compound words, the 
results are shown with the phrase length as a special 
parameter. It can be found that a total of 3,568 
two-character key phrases were extracted automatically, 
and 3,311 out of these 3,568 key phrases were manually 
examined to be correct key phrases, thus a precision rate 
of 92.80% (3311/3568) was achieved and so on. Because 
there is no way to obtain all key phrases in the large text 
collection manually, no recall rate is shown here. When 
taking all key phrases with different lengths into account, 
a total of 6,082 key phrases were automatically extracted 
and 81.55% of them (4,960 key phrases) were manually 
examined to be correct. Next, this set of 4,960 correctly 
extracted key phrases were compared with a general 
Chinese lexicon of roughly 85,000 words, which is 
believed to be very large for daily use. The last column in 
Table 1 shows that 1,836 key phrases among these 4,960 
correctly extracted key phrases are actually not included 
in the lexicon. A close examination of these 1,836 key 
phrases indicates that most of them are domain-specific 
keywords or key phrases such as personal names, proper 
nouns, or new words which are very often very important 
in many applications such as information retrieval, but 
very difficult to extract without using the approach here. 
This phenomenon is especially significant for key phrases 
with three or more characters. As can be found in Table 1, 
only 552 out of the 3,311 correctly extracted 
two-character key phrases are outside of the general 
lexicon, but more than half (385 out of  661 and 899 out 
of 988) of the correctly extracted keywords or key 
phrases with three or more characters are outside of the 
general lexicon. 
 

Phrases 
length 

Total number 
of extracted 
key phrases 

Number of 
correct key 

phrases 
extracted   

Precision 

Number of correctly 
extracted key phrases 
outside of a lexicon of 
commonly used words

2 3,568 3,311 92.80% 552 

3 1,130 661 58.50% 385 

>=4 1,384 980 71.39% 899 

Total 6,082 4,960 81.55% 1,836 

Wl Wr
W 

Table 3.The Results for Automatic Key Phrase Extraction 
 
On the other hand, efficient Chinese information retrieval 
technology has also been developed. A good example is 

We

Ws

wnw2 wn-1w1



presented here [21]. It is based on a two-stage search 
strategy, in which the first stage of fast search is primarily 
based on character-level statistics, while the second stage 
of detailed search is primarily based on word-level 
information. So the word segmentation ambiguity is 
handled in the second stage, and the problem of open 
vocabulary and flexible wording structure can be solved 
at least to a good extent. This is because the characters do 
carry meaning having to do with the meaning of the 
words. The search is based on fault-tolerant fuzzy 
matching, and natural language queries can be accepted, 
even including bi-lingual (Chinese plus English) queries. 
The functions of key sentence extraction, term suggestion 
and relevance feedback are also available. Very fast 
indexing with compact indexing space is possible. For 
example, for texts of 100 Mbites, the indexing time can 
be only 2-3 minutes and only 10-20% of indexing space 
will be needed. Very high speed retrieval is also possible. 
For example, for texts of Gbites the retrieval processes 
can usually be completed in less than 1 sec. 
 

9. EXAMPLES FOR INITIAL EFFORTS IN 
NETWORK INFORMATION PROCESSING 

TECHNOLOGY 
In the future network era, huge volume of information on 
all subject domains will be readily available via the 
network. Also, all the network information are dynamic, 
ever-changing and exploding. Furthermore, many of the 
spoken language processing applications will have to do 
with the content of the network information, which is 
dynamic. In order to cope with such a new network 
environment, automatic approaches for the collection, 
classification, indexing, organization and utilization of the 
linguistic data obtainable from the networks will be very 
important. On the one hand, high performance spoken 
language processing technology can hopefully be 
developed based on such huge volume of linguistic data 
on the network. On the other hand , it is also necessary 
that such spoken language processing technology can be 
intelligently adapted to the content of the dynamic and 
ever-changing network information. Considering all the 
above, some basic concept for network information 
processing has been developed and briefly summarized 
here. 
     Fig.6 depicts a simple comparison between the 
linguistic knowledge (lexicon, language model, plus 
others) used in existing spoken language processing 
technology and that for possible future spoken language 
processing technology in the network era under the 
proposed concept. As can be observed in Fig 6(a), in the 
existing processes, the linguistic knowledge required, 
such as the lexicon, the language model, and other 
possible knowledge such as the morphological rules and 
the grammar rules, are primarily encoded from some 
static corpora, primarily by human efforts and human 
knowledge, although some of them may be obtained 
automatically with statistical approaches. On the other 
hand, in order to handle the “live” language in the 
network era, under the proposed framework as shown in 
Fig 6(b), unlimited dynamic corpora are collected from 

the network resources every second and various 
ever-changing linguistic knowledge are continuously 
extracted from such network information automatically, 
such as the multiple dynamic lexicons and multiple 
dynamic language models for different subject domains. 
The dynamic collections of linguistic knowledge on all 
possible subject domains provide a much more powerful 
base to handle the “live” language in the network era for 
future spoken language processing technology. Although 
there may always exist some linguistic knowledge which 
can’t be easily generated completely automatically and 
human efforts are still needed, automatic generation of 
linguistic knowledge will always be an attractive goal to 
pursue in the future. 
A detailed block diagram of the proposed framework is  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Comparison between the Linguistic Knowledge Used 

in Existing and Future Spoken Language Processing 
Technology Environments 
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network information processing and organization, 
including a set of document processors with different 
modules required to process the unlimited documents 
collected from the Internet, and a set of linguistic 
information databases constructed from the collected 
documents. An information spider is used as the first 
module for the document processors to discover and 
collect all desired documents from the network 
automatically, and a document classifier is then used to 
divide the collected documents into different categories of 
classified corpora. A PAT tree generator is then used to 
construct the PAT trees for the classified corpora 
including all documents classified to each corpus. The 
PAT tree is the data structure currently proposed for the 
Concept presented here, but it is certainly possible that 
some other data structure may be found more useful in 
the future. These PAT trees for the classified corpora can 
then be used as pattern indexing files for information 
retrieval, N-gram language models in speech recognition, 
and keyword/key phrase extraction for knowledge 
extraction, etc.. All these will be very useful in future 
spoken language processing technology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. The Block Diagram for the proposed Framework for 

Spoken Language Processing Technology Adapted to 
the Network Resources 

 
 

10. AN EXAMPLE APPLICATION 
ARCHITECTURE 

Here we take the information retrieval over Internet using 
speech queries in the future as an example application 
task, and present an example architecture for such 
purposes based on the various technologies mentioned 
above with the client-server concept as shown in Fig.8. 
The server part includes a resource discovery subsystem, 
an information retrieval subsystem, and a linguistic 
processing subsystem, while the client end includes a user 
interface and an acoustic recognition subsystem. The 
resource discovery subsystem automatically extracts 
pieces of relevant information (records) and uses them to 
construct the network resource databases. Signatures 
(statistical indices) for each of the records in the network 
resource databases are also generated to be stored in the 
signature file. The PAT-tree-based live lexicon and 
dynamic language model adapted to the network 
resources are also constructed based on a PAT tree data 
structure. The linguistic processing subsystem produces 
the relevant information regarding the input queries based 
on the recognized syllable lattice obtained from the client 
end and the lexicon and the language model parameters 
obtained from the PAT tree data structure, hopefully with 
some language understanding capablities. The 
information retrieval subsystem then retrieves the desired 
records from the network resource databases to be sent to 
the user interface at the client end, which is done by 
evaluating the relevance between the query information 
and the record signatures in the signature file based on 
some statistical approaches plus some information 
extraction functions. Also as shown in Fig.8, here the 
acoustic recognition and linguistic processing subsystems 
for very-large-vocabulary speech recognition are in fact 
separated, one at the client end and the other at the server 
side. Without the space overhead necessary for linguistic 
processing at the client end, it is easier for the acoustic 
processing subsystem to be combined with navigation 
tools such as Netscape to allow many users to enter their 
speech queries simultaneously using relatively simple 
terminal equipments. On the other hand, the linguistic 
processing subsystem at the server side can have 
sufficient space to store large volumn of databases 
including a large number of statistical parameters for 
powerful language models. Also, with this architecture it 
is easier for the language models and the associated 
lexicons to be adapted to the dynamic network resources. 

 

11. DICTATION SYSTEMS 
Starting from this section several typical Chinese spoken 
language processing application tasks developed so far 
are briefly summarized. It will be clear that although 
there is still a very long way to go for developing the 
technology mentioned above, very good progress has 
been achieved at the moment. The first will be the 
dictation systems.  
Dictation systems have been one of the first few, and  
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Fig. 8. An Example Application Architecture Based on the 
Client-Server Concept 

certainly the most important at the present, applications 
identified for Chinese spoken language processing [6,22]. 
Quite many prototype systems have been developed by 
different research groups in the last several years. A few 
products have been commercially available on the market, 
among which probably the Mandarin Chinese version of 
ViaVoice of IBM is a very good typical example. Many 
research and development groups in speech industry are 
now working diligently to develop systems and 
applications along this direction. Although the 
state-of-the-art technology has been proved to be usable 
by many people, it is believed that the technology for a 
most convenient, efficient, and user-friendly dictation 
system for Mandarin Chinese such that all Chinese people 
can use computers and networks very easily via voice 
input remains a very beautiful dream,  and there is still a 
long way to go. Taking the most recent (1998) version of 
dictation technology developed at Taiwan University and 
Academia Sinica as an example, it is an extension of the 
Golden Mandarin series, in which quite several improved 
techniques in acoustic recognition and language modeling 
has been included. A new search strategy has been 
developed, which is composed of a forward and a 
backward passes, between which a high-accuracy syllable 
lattice is used to bridge the syllable-level and word-level 
decoding processes [23]. In the preliminary tests 6 
speakers each produced testing data of different subject 
domains. The average character error rates of 16.1% for 
speaker independent mode and 9.8% for speaker 
adaptation mode (with adaptation data of 1892 characters ) 
have been obtained . 

 

 
Server Client 12. CHINESE TEXT INFORMATION RETRIEVAL 

WITH SPEECH QUERIES 
Resource 
Discovery 
Subsystem With the rapid growth of the electronic resources 

published and distributed over the Internet, the fast 
increasing demand for efficient, high-performance 
networked information retrieval (IR) systems providing a 
convenient and user-friendly interface is obvious, and it is 
always highly desired that such systems are capable of 
accepting queries in form of unconstrained speech. In 
particular, such speech interface capabilities are specially 
needed in the Chinese community, because of the 
difficulties of entering Chinese characters into computers. 
Here two such application systems will be summarized, 
one for retrieving on-line Chinese news [12] and the other 
for retrieving very large Chinese dictionary available via 
the Internet [24]. 
The example Internet on-line Chinese news retrieval 
system has a client-server architecture similar to that 
shown in Fig.8. Of course the technology involved in the 
system is not so advanced as mentioned in section 10. 
The language understanding and knowledge extraction 
functions are not strong yet, but the network resource 
adapted lexicon and language model are actually 
implemented, although in the infant stage only. In the 
preliminary experiments for the prototype system, the 
network resource database contains more than 200,000 
real-time news items. The precision rate for top 10 
retrieved news items is about 82% on average in speaker 
dependent mode, which is almost the same as the 
precision rate for typed text queries.  
On the other hand, retrieving word entries from a very 
large electronic Chinese dictionary is highly desired and 
technically challenging. Every Chinese word is composed 
of from one to several characters. This requires the user to 
know exactly the first character of the word, either its 
shape or its pronunciation. This makes the Chinese 
dictionaries relatively difficult to use. The new electronic 
dictionaries didn't help too much on this problem, 
because the input of Chinese characters into computers is 
very difficult. Also, the number of commonly used word 
entries in an ordinary dictionary very often exceeds 
100,000, but it is quite natural that a desired word is not 
within this huge number but some other similar words are, 
because the wording structure is rather flexible. Therefore 
a successful dictionary retrieval technology has to be able 
to handle such wording structure flexibility. Furthermore, 
in many cases, the users may wish to obtain some help 
from the dictionary because they really have no definite 
ideas about the exact desired word entries, but instead 
only with some concepts. For example, the users may 
wish to retrieve all word entries "describing the beauty of 
a lady". Information for retrieving word entries with such 
"general concepts" does exist very often in the 
explanations and example sentences under the word 
entries in most dictionaries, but correct retrieval of the 
word entries based on such speech input requires special 
technology in Chinese information retrieval,  since the 
input queries can never match very well with such 
information. Such an intelligent and efficient Chinese 
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dictionary retrieval system have been successfully 
implemented on a Pentium PC which operates almost in 
real-time. A Chinese dictionary containing about 160,000 
word entries published in Taipei available over the 
Internet is used in the system, in which the total length of 
the lexical information under these word entries exceeds 
20,000,000 words. In the preliminary tests, the retrieval 
accuracy for queries carrying simply the desired word 
entry and utterances describing the desired word concept 
are 88% and 92% respectively in speaker mode. Fig.9 is 
an example retrieval result for a query carrying only 
"general concepts". 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig .9. Example Output for Retrieving Large Chinese Dictionary. 

(Input query:”形容女子容貌美麗的詞彙” in voice) 

 

13. MANDARIN SPEECH INFORMATION 
RETRIEVAL WITH SPEECH QUERIES 

With the rapidly growing audio and multi-media 
information on the Internet, a variety of exponentially 
increasing voice records such as the broadcast radio, 
television programs, video tapes, digital libraries, courses 
and lectures and so on, are now being accumulated and 
made available via the Internet. Development of the 
technology to retrieve such speech information with 
speech queries thus becomes essential and gets more and 
more important everyday, although the technology 
involved will be very difficult as well, because in such 
cases both the information to be retrieved and the input 
queries are in form of voice instead of texts,  thus with 
unknown variabilities on both sides.  
An initial prototype system serving the above purposes 
for Mandarin speech primary using syllable-based 
approaches has been developed recently [25]. The overall 
architecture of the proposed Mandarin speech information 
retrieval system is shown in Fig 10. In the off-line 
processing subsystem on the top of this figure, once a 
voice record d is collected from the audio resources to be 
included in the speech database D, the speech recognizer 
is first applied to generate a syllable lattice, and the 
syllable lattice is then added to a syllable lattice database 

Dl. The relevant inverse document frequency (IDF) 
information for the syllable lattices are at the same time 
accumulated to form an IDF database Didf  to indicate the 
significance of the relevant parameters in terms of 
retrieval purposes. In the initialization subsystem in the 
middle part of the figure, the feature vector constructor 
constructs the feature vector Vd for each voice record to 
establish a feature vector database Dv. Also, the relevance 
measure R(i, j) between every two voice records di, dj in 
the speech database D is evaluated. In the on-line 
retrieval subsystem at the botton of the figure, when a 
speech query q is entered, the speech recognizer first 
generates a syllable lattice for the speech query, and then 
the corresponding feature vector Vq is constructed. A 
similar IDF database for queries Didf, q, is also established. 
The retrieving module then evaluates the similarity 
measure between Vq and all feature vectors Vd in Dv and 
selects a set of voice records with the highest similarity 
measures as the retrieving output. 
In the preliminary tests, the example speech database to 
be retrieved consists of 500 Mandarin voice records for 
Chinese news produced by 5 different male speakers. The 
precision-recall graph for the test results are plotted in 
Fig.11. In this figure, it can be found that very 
encouraging retrieving performance has been achieved, 
the simple key phrase queries always give better 
performance than the quasi-natural-language queries,  
and the relevance feedback (the user feedbacks parts of 
the retrieved information relevant for his queries as 
references for further retrieval) techniques can improve 
the performance very significantly even at the second 
time of feedback. It is believed that better results should 
be achievable if more knowledge can be used, for 
example the character-based, word-based or even 
phrase-based knowledge. 
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Fig.10. The Overall Architecture of the Proposed Mandarin 
Speech Information Retrieval System. 
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Fig. 11. The retrieving results using key phrase queries (KPQ) 
and quasi-natural – language queries (QNLQ) including 
using relevance feedback (RF). 

14. SPOKEN DIALOGUE SYSTEMS 
Quite many successful spoken dialogue systems have 
been developed all over the world in recent years, and 
many promising applications have been identified, 
although not too much results have yet been reported on 
Chinese dialogue systems. Recently a successfully 
working Chinese spoken dialogue system for telephone 
directory services is completed. The task is for all 
banking/financing organizations in Taipei, with a total of 
4208 phone numbers. This system is primarily trained 
with a corpus recorded from real conversations between 
human beings, therefore is user/system mixed-initiative 
simulating the two-way dialogue to a good extent, 
including greetings, asking for telephone numbers, 
requesting divisions/departments or other lines, asking for 
idle telephone numbers, repeating numbers or asking for 
repeating utterances, etc.. It is syllable-based considering 
the monosyllabic structure and the very flexible wording 
structure in Chinese. For example, many words can be 
arbitrarily abbreviated, while the system needs to be able 
to handle them [26]. It is also word-based and 
phrase-based, of course, because in order to understand 
the speaker's intention, word and phrase level knowledge 
is certainly needed. 
The system includes a user speech intention estimator 
with syllable-based acoustic processing and 
semantic-concept-based linguistic processing and a 
dialogue manager. The key phrase lexicon for the target 
task is first automatically extracted statistically using 
mutual-information-based parameters from the given 
corpus. The syllable-based robust key phrase spotting 
module then detects the possible key phrases, handling 
the flexible wording structure of Chinese language to 
some extent as mentioned in the above. A phrase 
language model integrated with a semantic concept 
language model then performs the syntactic and semantic 
evaluation for intra-sentence structure. The maximum a 
posteriori based dialogue model is then used to handle the 
inter-sentence discourse relations. The user intention is 
finally identified by a finite-state-network-based parser 
with a set of probabilistic concept-based grammar. The 
user/system mixed-initiative goal-oriented dialogue 
manager then selects the proper response according to the 

identified user intention. Most of the models are trained 
from the corpus with bootstrapping strategy, thus are 
flexible with good portability to different tasks when the 
corpus is available. The block diagram of the complete 
system is shown in Fig.12. In initial experiments the 
training corpus includes transcriptions of 1156 human 
dialogues with a total of 12,776 sentences and 88,119 
characters.  In the tests, 77.99% of top 15 candidate 
inclusion rate for syllable recognition front-end give 
88.89% of user intention estimation accuracy. 
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With similar approaches, Mandarin speech conversational 
interfaces for the Web-based train ticket reservation 
system for trains in Taiwan and the Web-based weather 
information inquiry system of the weather Bureau of 
Taiwan were also successfully developed [27]. 
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Fig.12. Block diagram of the Mandarin dialogue system for 

telephone directory services. 
 

15. NEW GENERATION OF CHINESE 
TEXT-TO-SPEECH SYNTHESIS 

With improved speech and language processing 
technology in recent years, Chinese text-to-speech 
synthesis technology also enters a new era. The synthesis 
can be in general corpus-based, i.e., the concatenated 
speech segment can be either exactly the one selected 
on-line from a designed speech corpus properly 
segmented and labeled, or slightly modified from the 
speech segment selected on-line. The purpose is to 
achieved the best prosodic structure required for naturally 
sounding speech utterances. Such a Chinese 
text-to-speech system has been successfully developed 
[28,29]. In this system, the input text is first processed by 
a word segmentation and tagging module to become a 
sequence of words tagged with parts-of-speech. The 
accuracy is 99.77% for word segmentation and 96.9% for 
part-of-speech tagging for news articles if the unknown 
words are excluded. The more difficult part is the 
construction of the prosodic structure of the text based on 
the segmented and tagged word sequences. 
A statistical approach to generate hierarchical prosodic 
structures for Chinese sentences of segmented words with 
parts-of-speech information was developed. The prosodic 
structure of a sentence can be represented by different 
levels of break markers in the model. Four levels of 
breaks were used in this model, each with a break index: 
no break(0), minor break(1), major break(2), and 
punctuation mark break(3). Two types of prosodic phrases, 



i.e., minor prosodic phrases and major prosodic phrases, 
are determined by these break indices. The labeled break 
indices and the corresponding tagged parts-of-speech of a 
speech database were used to train a statistical model that 
can predict the prosodic structure of any input sentence. 
Various prosodic parameters can then be determined on 
different levels of the prosodic structure, including pitch, 
energy, duration and pause. As can be found from the 
example shown in Fig 13, the tone patterns are 
determined in the minor prosodic phrases, while the 
intonation contour and energy contour are determined for 
the major prosodic phases. Syllable duration lengthening 
effects and pauses and so on can also be determined 
accordingly. 

 
16. LOOKING TOWARDS THE FUTURE 

With the vision and basic framework for future Chinese 
spoken language processing technology as proposed 
above, and the current status of technology development 
in various potential application areas as summarized 
above, apparently the most important direction will be the 
proper integration of Chinese language processing 
technology with Chinese speech processing technology, 
as shown in Fig. 3. However, even if the integration is 
important, the development of the basic technology for 
Chinese language processing and Chinese speech 
processing technology individually will be the foundation 
for a successful integration. The direction of Chinese 
language processing technology development has been 
discussed in detail in the above. Proper integration of 
network information processing technology, knowledge 
and information extraction technology, language 
understanding technology and language modeling 
technology will be the key, while the availability of huge 
amount of linguistic data on all possible subject domains 
over the networks provides not only plenty space for 
future research, but unlimited volume of corpus 
collections based on which new technology can be 
developed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.13. New Generation Chinese Text-to-speech Synthesis 
 

Considering the Chinese speech processing technology 
development , on the other hand, the Chinese speech 
recognition will definitely be the core. Under the future 
network environment, the basic technology for speech 
recognition will be much more difficult and challenging. 
The large number of network users have completely 

different age, education background and dialect accents, 
and the background noise, interference, microphone and 
channel characteristics will be completely out of control. 
Robustness will be a key issue, with respect to different 
speakers, different noise/interference and 
microphone/channel conditions. Telephone speech 
processing will certainly be important, since the users 
should be able to have access to the network services via 
simply the telephone sets. Spontaneous speech processing, 
key phrase spotting and adaptation/learning capabilities 
will also be important. Speaker verification may become 
another key technology, since in network services very 
often the users have to be verified. On the other hand, the 
audio resources over the also Internet provide an 
unlimited volumn of acoustic corpus on all possible 
subject domains for speech recognition technology 
development. Techniques making use of these resources 
will also become the key.  

With the above discussions, a symbolic diagram showing 
such a future Chinese spoken language processing 
environment is in Fig.14, in which unlimited resources 
for language and speech processing research and 
development are available from the Internet, while the 
whole variety of network activities and applications 
establishes the fast growing demand for improved spoken 
language processing technology, which will be integrated 
by the advanced basic technology in language and speech 
processing. 
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Fig.14. Speech Recognition Technology Development under 
Network Environment 

 

17. CONCLUSION 
The fast advances of research and development in spoken 
language processing and the technical environment 
evolution for information technology have been very 
encouraging in the last several years. They indicate a 
wide space and plenty of opportunities for developments 
in the spoken language processing in the years to come. 
These are even more essential for Chinese language, with 
the structural features of the language being an important 
key. The area will be very exciting, yet challenging and 
difficult. 
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