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Abstract In this paper, we introduce a new approach for 
Vietnamese Word Segmentation. The word segmentation 
problem is restated into the morpho-syllable position-in-word 
(PIW) tagging problem. We used the Maximum Entropy with the 
Generalized Iterative Scaling (GIS) to train on the annotated 
corpora. The result of the training process was used to tag all the 
morpho-syllables of the input sentence. With the output sentence 
tagged, we can convert it into a segmented sentence for 
evaluation. The results on a lot of tagged-corpora show that this 
approach is suitable for Vietnamese Word Segmentation. The 
performance achieves precision and recall rates of 94.87% and 
94.08% respectively, and the F-measure of 94.44%. 

Index Terms word segmentation, maximum entropy 

I. INTRODUCTION

ORD SEGMENTATION is an important step in every 
natural language processing system, especially in some 

isolated Oriental languages. In these languages, the separators 
between each word are not available. So far, a great variety of 
strategies for the word segmentation problem have been 
explored, yielding a large volume of literature on both 
linguistic and computational sides. In general, these strategies 
can be divided into two directions, namely, dictionary-based 
and statistical-based approaches. 

The dictionary-based approach usually uses some basic 
 mechanical  segmentation methods based on string matching.  
The most common method in this approach is maximum 
matching method. In order to increase the performance of this 
method, some heuristics are included. The simple maximum 
matching algorithm gives only one result. 

The pure statistical-based approach has a lot of drawbacks 
because it does not use any dictionary and the word 
boundaries are decided only by the statistics of the corpora. 

In recent times, the combination of these two approaches is 
usually used, so called the statistics-aided approach. In 
general, this involved the evaluation among possible 
segmentations and choosing the best case by some statistical 
models with a dictionary. One of these approaches for the 
Vietnamese word segmentation is [1]. This is the combination 
of WFST (Weighted Finite State Transducer) and Neural 
Network using Vietnamese dictionary. 
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In this paper, we introduce a statistical model which trained 
from an annotated corpus with word boundary tags and uses a 
Vietnamese dictionary to find some possible segmentation 
cases of an input Vietnamese sentence. 

The annotated corpus we use in this paper is the result of 
project [2]. With the average balance F-measure reaching 
98.59%, we can certainly use the list of Vietnamese tagged 
sentences as a training corpus for the Maximum Entropy 
model. This Maximum Entropy model has been effectively 
applied to the Part Of Speech Tagger of Adwait Ratnaparkhi 
[3]. The state-of-the-art accuracy of this tagger (96.6%) shows 
that Maximum Entropy is a suitable model for tagging 
problem. 

This paper also describes briefly the Maximum Entropy 
properties of the model. Finally, the results in this paper are 
compared to some previous models for Vietnamese Word 
Segmentation. 

II. VIETNAMESE MORPHOLOGY

To define exactly what is a word is not a simple matter. In 
linguistics, hundreds of definitions of the word have been 
brought out. But there is no definition can embrace all aspects 
of words. Therefore, by the goal of automatic processing 
natural language, the satisfaction of the definitions about word 
in general linguistics, and the specific characteristics of 
isolated language like Vietnamese, we use the viewpoint of 
Dinh Dien s thesis [4]: 

A. Vietnamese Morpheme 
Following the idea in [4], morpho-syllable is the basic unit 

in Vietnamese, because it can be identified easily by the native 
speakers, and also automatically by computer. 

B. Vietnamese Word 
In this paper, we use the word definition in [4]:  A

Vietnamese word is composed of Vietnamese morphemes . 
Vietnamese words include single words, compound words,

duplicative words, and fortuitous concurrence words.
 Beginning with the demand of automatic processing 

Vietnamese corpus by the computer, Dinh Dien [4] has 
offered these methods to formalize the conception about the 
Vietnamese morphemes and Vietnamese words as follows: 
1) Because a Vietnamese morpheme is also a dictation 

word1 (separated syllable), the method to formalize 
Vietnamese morpheme is very simple. In English corpus 

1 Following [4], a Vietnamese morpho-syllable is a dictation word.
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or Vietnamese corpus, the basic units are also the 
dictation words.

2) To represent word boundaries, we use the definition word 
in dictionary (dictionary-word) in [4]. Dictionary-word is 
defined:  the unit that has been set into a dictionary 
based on the meaning feature and has been tagged as the 
unit of the language.  The selection of which word set in 
a dictionary depends on the linguistics, or the corpus 
builder decision, following the opinions above. In this 
paper, we use the Vietnamese dictionary of Hoang Phe 
[5]. 

III. RESTATING THE WORD SEGMENTATION PROBLEM

The word segmentation problem is restated to the morpho-
syllable PIW tagging problem as follows: 

Given a Vietnamese sentence ncccS ...21ã  with n
morpho-syllables. We segment S  by tagging the PIW tag it
to each morpho-syllable. There are four PIW tags: 

  LL: when the syllable is on the left of the word. 
  RR: when the syllable is on the right of the word. 
  MM: when the syllable is in the middle of the 

word. 
  LR: when the syllable is the only syllable of the 

word (single word). 
After all the morpho-syllables ic  in S  have been tagged, 

we can convert this result to the word boundary tags by their 
positions in word. 

For example: 
ãS Tôi   t   duy   ngh a  là   tôi  t n  t i
ãT LR  LL RR  LL   RR   LR  LL  RR 

Tôi  #   t  duy  #   ngh a là   #  tôi #  t n t i

IV. VIETNAMESE WORD SEGMENTATION MODEL

Our model for Vietnamese word segmentation is shown in 
Figure 1. The model includes the following components: 

  Sentence preprocessing: standardize the input 
Vietnamese sentence to a unique form of spelling. 

  Unknown word recognition: extract all the 
unknown word in the sentence. 

  GIS training on tagged corpus: this process 
includes two sub-components: 

± Extracting all the features in the tagged 
corpus. 

± Using Generalized Iterative Scaling (GIS) 
to evaluate the model parameters. 

  Evaluation using Maximum Entropy: choose the 
best segmentation case by using the Maximum 
Entropy. 

Sentence preprocessing

Unknown word recognition

Vietnamese sentence

Evaluation using Maximum Entropy

Segmented 
Vietnamese sentence

Dictionary

G
IS

 tr
ai

ni
ng

 o
n 

ta
gg

ed
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or
pu

s

Figure 1. Vietnamese word segmentation model 

A. Tagged corpus preparation 
The corpus used in this model is extracted from the 

CADASA bilingual corpus, the result of the project in 
building corpus for Vietnamese   English Machine 
Translation System [2]. Here are some statistics about this 
corpus: 

Parameter Value 
Number of sentences 24,240 
Number of pair-sentences 12,120 
Number of English words 226,953 
Number of different English words 4,555 
Number of Vietnamese dictation words 229,357 
Number of Vietnamese words 181,192 
Average English sentence length 18.73 w/s 
Average Vietnamese sentence length 14.95 w/s 

Table 1. Some statistics about Cadasa corpus 

B. Sentence preprocessing 
In Vietnamese, the preprocessing plays an important role 

with the performance of the system. There are two steps in this 
process: 
1) Spelling Standardization: Vietnamese has two types of 

variant spelling: 
a. Tone rule: there are two ways to put the sign of 

tone: 
i. Aesthetic rule: the sign is put in the 

middle phoneme. Ex: hòa
ii. Phonetics rule: the sign is put in the 

main phoneme. Ex: hoà
We choose the phonetics rule to 
standardize sign because of convenience. 
For example: hòa  hoà

b. Letter variant: standardize letter variants to a 
unique form. The letter variant is a variant form 
of a morpho-syllable, but the sound and the 
meaning is the same. 
For example: th i k  th i kì.

2) Atom Segmentation: to segment the sentence into atom-
units (cannot be separated into smaller units). The atom 



can be: morpho-syllable, sign, symbol, abbreviation, 
foreign string, factoids2.

Spelling 
Standardization

Atom Segmentation

Sentence preprocessing

Figure 2. Sentence preprocessing 

C. Unknown word recognition 
Unknown word recognition is one of the two most 

important steps of a word segmentation system beside the 
ambiguity segmentation. 

We classify the unknown word into three types: 
1) Vietnamese proper name: 

a. Person names: Nguy n V n Tu n, Tr n Th
Tâm,  
With this type, we use a list of proper names in 
the GIS training. Because of the flexibility of the 
Maximum Entropy features, we can easily use 
this list a part of the training corpus. 

b. Place names: Hà N i, Sài Gòn,  
With this type, we use the Gazetteer dictionary 
of the place name to recognize them. Our 
Gazetteer dictionary is built manually and has 
about 1,500 names of places. 

2) Foreign proper names: in Vietnamese documents, we can 
easily recognize these proper name, because all the tokens 
in a name are usually not in the dictionary. 

3) Factoids: being recognized in the preprocessing step. 

Unknown word recognition

Foreign words and Factoids 
Recognition

Vietnamese Proper Noun
Recognition

Figure 3. Unknown word recognition 

D. The probabilistic model 
The probabilistic model is defined over H TI  where H

is the set of possible contexts or  histories  of an item, and T
is the set of possible tags of an item. The model s joint 
probability of history h  and a tag t  is defined as: 

ø ÷ ø ÷,

1

, j
k

f h t
j

j

p h t
ã

ã

 Where: 
  : normalization constant. 

2 Factoid is a string that represents special information. The factoids in this 
paper are date, time, percent, money, number, measure, email, phone, and 
website. 

  ¥ £1, ..., k : model parameters. 

  ¥ £1, ..., kf f : model features, ø ÷ ¥ £, 0,1jf h t
Each feature jf  has its own parameter j .
In the training process, given a sequence of morpho-

syllables ¥ £1, ..., nc c  and their PIW tags ¥ £1, ..., nt t  as 

training data, the aim is finding the parameters ¥ £1, ..., k

that maximize the likelihood of the training data: 

ø ÷ ø ÷ ø ÷,

1 1 1

, j i i
n n k

f h t
i i j

i i j

L p p h t
ã ã ã

ã ã

E. GIS training on tagged corpus 

Word Boundaries
Tagged Corpus

Features Extraction

Evaluation Feature 
Values

GIS training on tagged corpus

Feature Values

Figure 4. GIS training on tagged corpus 

From a segmented corpus, we can produce the PIW corpus 
with perfect accuracy. After that, we extract the features of 
each morpho-syllable in the corpus. 

The performance of the model depends on the way we 
select the features. Given ø ÷,h t , a feature has to encode every 
information that can help to get the tag t . In this paper, we 
use 5 main features as below: 

  Current morpho-syllable. 
  The previous and the next two morpho-syllables 
  The previous, the next, and the current character 

morpho-syllables, the previous two morpho-
syllables and the next two morpho-syllables. 

  The previous and the next morpho-syllables. 
  The tag of the previous two morpho-syllables 

before the current morpho-syllables. 

 C-3     C-2     C-1     C0     C1     C2     C3 ...



 T-3      T-2      T-1     T0      T1      T2      T3 ...

Figure 5. Features used in the system 

 Some of these features are similar to the features used in [6] 
for Chinese. To introduce more about these 5 features, we will 
examine a Vietnamese sentence: 

ãS tôi t  duy ngh a là tôi t n t i

Morpho-
syllable tôi t  duy ngh a là tôi t n t i

Tag LR LL RR LL RR LR LL RR 
The features for ngh a are: 
  0C  = ngh a             & it LLã

  2 1 1 2C C C C� �  = t duy là tôi      & it LLã

  2 1 0 1 2C C C C C� �  = t duy ngh a là tôi  & it LLã

  1 1C C�  = duy là           & it LLã

  2 1T T� �  = LL RR           & it LLã

The model parameters are obtained via Generalized 
Iterative Scaling [7]. Besides the five features above, we have 
to use two more features to ensure that the iterative converges. 
The first feature, the default feature, will have value 1 when 
all other features have values 0. The second feature, the 
correction feature, will have a special value (can be greater 
than 1) defined by: 

ø ÷
1

max ,
k

ix E i
C f h t

ã

ã

In general, adding new features can affect the system. 
However, these two new features are completely dependent on 
other features. They add no new information, and therefore 
place no new constraints on the model. As a result, they will 
not affect the system. 

F. Evaluation using Maximum Entropy 
With the list of atoms and unknown words, we use a 

recursion based on the maximum matching algorithms to find k
best cases for each sentence. The value of k depends on the 
length of the sentence. By experiment, we choose the value for 
k by the table below: 

Length <10 11-20 21-30 31-40 >40 
k value 3 5 8 12 20 

After the training process, the features and their 
corresponding parameters will be used to calculate the 
probability of the tagged sequence of a sentence input. For 
each case of segmentation, we have a sequence of morpho-
syllables and a sequence of tags. With a morpho-syllable 
sequence ¥ £1, ..., nc c , the system will give the tag sequence 

¥ £1, ..., nt t  with the highest probability: 

ø ÷ ø ÷1 1
1

,..., , ...,
n

n n i i
i

P t t c c P t h
ã

ã

 The conditional probability for each ø ÷,h t  is calculated by: 

ø ÷
ø ÷
ø ÷
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Figure 6. Evaluation using Maximum Entropy 

V. RESULT

To evaluate the result of the system, we use Bakeoff s 
evaluation in [8]: 

  Recall ( R ): number of correct hits divided by the 
number of items that should have been selected. 

1

3

N
NR ã

  Precision ( P ): number of correct hits divided by 
the total number of items selected. 

2

3

N
NP ã

  Balance F-measure ( F ): 
ø ÷

RP
PRF

õ

õ
ã

1

  Recall on Out Of Vocabulary ( OOVR ): number of 
correct unknown word hits divided by the number 
of unknown word that should have been selected. 

11

31

N
NROOV ã

  Recall on In Vocabulary ( IVR ): number of correct 
known word hits divided by the number of known 
word that should have been selected. 

12

32

N
NRIV ã

 Where: 
  3N : number of correct word hits. 

  31N : number of correct known word hits. 

  32N : number of correct unknown word hits. 



  2N : number of words recognized by the system. 

  1N : number of words in the corpus. 

  11N : number of known words in the corpus. 

  12N : number of unknown words in the corpus. 

The result of the system tested on the corpus of Vietnamese 
Lexicography Center (www.vietlex.com.vn) are shown below. 
The F measure reaches 94.44% on the total corpus. 

No Name N1 N2 N3 R P F OOV Roov Riv 

1 ChTinhTLRD1 14302 14232 13563 94.83 95.30 94.79 3.43 53.76 95.75 
2 ChTinhTLRD2 12510 12402 11812 94.42 95.24 94.83 3.25 77.14 95.52 
3 HoangTuBe 15643 15537 14843 95.47 95.53 95.50 1.26 39.60 95.84 
4 Luocsuthoigian 10695 10551 9947 93.00 94.27 93.63 3.70 73.76 94.25 
5 Congnghe 1036 1026 972 94.18 94.73 94.46 4.53 81.39 94.74 
6 MuoiCuaRung 3143 3082 2978 94.78 96.62 95.69 3.62 90.35 94.78 
7 NBaihocNT 6688 6651 6148 91.92 92.43 92.17 5.84 65.98 93.28 
8 Summary 64017     94.44    

Table 2. The result of the system tested on the corpus of Vietnamese Lexicography Center 

 The result is compared with some other Vietnamese word segmentations:  

No Name N1 N2 N3 R P F OOV Roov Riv 

1 ChTinhTLRD1 14302 14297 11640 81.39 81.41 81.40 3.43 5.70 84.08 
2 ChTinhTLRD2 12510 11640 10348 82.71 82.53 82.62 3.25 3.93 85.38 
3 HoangTuBe 15643 15294 14072 89.96 92.01 90.97 1.26 75.75 90.14 
4 Luocsuthoigian 10695 10559 9490 88.73 89.87 89.30 3.96 43.93 90.45 
5 Congnghe 1036 1022 1022 92.27 93.54 92.91 4.53 42.55 94.64 
6 MuoiCuaRung 3143 3094 2894 92.07 93.53 92.80 3.62 22.81 92.80 
7 NBaihocNT 6688 6651 5843 87.36 87.85 87.60 5.84 3.32 92.58 
8 Summary 64017     88.28    

Table 3. The result of Vietnamese Word Segmentation using Maximum Matching 

No Name N1 N2 N3 R P F OOV Roov Riv 

1 ChTinhTLRD1 14302 14154 13033 91.12 92.08 91.60 3.43 53.76 92.45 
2 ChTinhTLRD2 12510 12372 11782 94.18 95.23 94.70 3.25 77.14 94.75 
3 HoangTuBe 15643 15286 14691 93.92 96.11 95.00 1.26 82.32 94.06 
4 Luocsuthoigian 10695 10533 9924 92.79 94.21 93.49 3.70 78.03 93.36 
5 Congnghe 1036 1019 979 94.49 95.48 95.27 4.53 61.70 96.05 
6 MuoiCuaRung 3143 3091 2974 94.62 96.21 95.41 3.62 90.35 94.78 
7 NBaihocNT 6688 6634 6132 91.68 92.43 92.05 5.84 65.98 93.28 
8 Summary 64017 93.93    

Table 4. The result of Vietnamese Word Segmentation using MMSEG rules [9] 

VI. CONCLUSIONS AND FUTURE WORK

A. Conclusions: 
The result shows that Maximum Entropy is suitable for the 

tagging problem. The performance of the word segmentation 
system is superior to other previous systems. Besides, this 
word segmentation is quite effective because it can recognize 

more correct unknown word, especially Vietnamese person 
names. 

B. Future work: 
There are many ways to increase the accuracy of the system. 

Firstly, because this model is the supervised machine-learning 
model, we can improve the performance of the system by 
using much more training data. Secondly, because the features 
impacts directly to the performance, we can apply linguistics 

http://www.vietlex.com.vn


knowledge about the context of a word to obtain more useful 
features to the system. 
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