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Abstract 
This paper proposes a Thai texts indexing method using a 
frequent max substring technique to improve the efficiency 
of indexing Thai texts.  Thai texts are considered as un-
delimited language where the structure of writing is a string 
of symbols without explicit word delimiters.   Therefore, 
some pre-processing technique may need to be applied to 
discover important patterns before indexing can be 
performed.  In this paper, the frequent max substring 
technique is proposed as a promising alternative for 
indexing Thai texts.  The proposed technique extracts 
indexing terms as long and frequent substrings, called 
frequent max substrings, from Thai texts.  This method is 
used to extract the patterns of interest without context 
consideration and is interested in substrings that occur 
frequently in Thai texts in order to reduce the number of 
insignificant indexing terms.  It is also language-
independent and does not rely on any dictionary or 
language grammatical knowledge.  The new data structure, 
called Frequent Suffix Trie, is also proposed to assure 
exhaustive enumeration of substrings to support extracting 
the frequent max substrings.  The frequent max substrings 
are then used as indexing terms, together with their number 
of occurrences and positions, to form an index.  To illustrate 
the proposed technique, experimental studies and 
comparison results on indexing Thai texts are presented in 
this paper.  The results show that the frequent max substring 
technique provide a more efficient way for storing indexing 
terms: by indexing only the frequent max substrings.   

 

1  INTRODUCTION 
In Thailand, the number of electronically stored Thai texts 
information has grown rapidly in the past few years. There 
is a need to provide techniques in solving the challenges in 
producing efficient Thai text indexing. This would further 
enhance the performance of Thai text mining. As it was 
predicted that Thai text information will continue to grow 
exponentially in the near future, there is a need to find 
alternatives to provide more computational and storage 
efficient techniques for Thai text indexing. Thai language 
belongs to the class of non-segmented language, which the 

structure is a string of symbols without explicit word 
delimiters.  Words in Thai language are not naturally 
separated by any word delimiting symbols.  As such, Thai 
text indexing is a challenging task and has become one of 
the important research topics in the area of Thai text mining.   

Many suitable indexing techniques for Thai language 
have been proposed to index Thai texts such as word 
inverted index and suffix array approaches [1].  To index 
Thai texts via the inverted index, a word segmentation 
technique is generally the essential part of an indexing. 
Word segmentation is usually required to extract an 
indexing term from the string of characters before 
performing the indexing.  However, most of the word 
segmentation approaches are complex language analysis and 
require long computational time.  They usually rely on 
language analysis or on the use of dictionary or corpus.  
Beside this, there are some other techniques which do not 
rely on language analysis or on the use of dictionary or 
corpus such as n-gram inverted index [2] and suffix array 
[3].  These techniques are language-independent and most 
widely used to tackle many Asian languages which are 
referred as un-delimited languages.   Another possible way 
of using language independent techniques in performing 
Thai text indexing is to discover the frequent patterns from a 
document. One such possible technique could be the 
technique proposed by Vilo [4]. However, the drawback of 
most language-independent techniques is that they suffer 
from high storage space and retrieval time. 

It is therefore the main purpose of this paper, to propose 
an alternative language-independent Thai text indexing 
technique which could improve the efficiency of storage 
space and retrieval time. The proposed approach is named as 
frequent max substring technique. The basic concept of the 
proposed technique is to extract long and frequent substrings 
as the indexing terms, called the frequent max substrings, 
rather than using individual words from Thai texts.  The 
proposed method extracts the patterns of interest without 
context consideration. The technique is only interested in 
substrings that occur frequently in the Thai text documents 
in order to reduce the number of insignificant indexing 
terms.  This technique is also language-independent which 
does not rely on any dictionary or language grammatical 
knowledge. 
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2 AN OVERVIEW OF THAI TEXT INDEXING 

APPPROACHES 
Unlike European languages, Thai language is considered as 
a non-segmented language where words are a string of 
symbols without explicit word boundaries, and the structure 
of written Thai language is highly ambiguous.  Thai 
sentences consist of several words using a string of 
characters without word separators such as white spaces, 
and in some cases semicolons and commas to separate these 
words. 

There are two existing approaches for indexing non-
segmented texts: inverted index and suffix array.  The first 
approach is by using the widely adopted solution called 
inverted index [5], [6] .  When using the inverted index for 
Thai text indexing, Thai texts need to be parsed and 
tokenized into individual words. Word segmentation 
technique is generally an essential part to perform the 
indexing term tokenization.  Previously proposed methods 
for Thai word segmentation can be classified into three main 
categories: Dictionary-based, Rule-based and Machine 
learning-based approaches.  Dictionary-based approach is 
the technique that try to match an input text with a 
dictionary, denoted Dic, that contains all possible Thai 
words for word segmentation [7], [8].  The performance of 
this technique mainly depends on the quality and size of the 
dictionary used. This technique has limited performance 
when handling unknown words and proper nouns, because 
its success relies on the dictionary used.  Rule-based 
approach is another technique that uses language analysis 
[9], [10], [11].  Thai language is one language that has the 
basic word formation rules.  These rules can be expressed in 
the Backus-Naur Form (BNF).  Based on word formation 
rules, the syllabic boundary’s rules can be formulated to 
segment words from texts.  However, this technique works 
at syllable level which is a unit smaller than a word but 
larger than a character, and it requires hand-crafted rules and 
resource.  The recently proposed method is machine 
learning-based approach [12], [13].  This technique uses 
machine learning technique to learn from Thai text corpus, 
called Annotated Corpus that provides enough information 
to the train the system.  Using a tagged corpus in which 
word boundaries are explicitly marked with special 
annotations, machine learning algorithm builds statistical 
models based on the features of the characters surrounding 
the boundaries.  In this technique, the unknown word and 
ambiguity problems are handled in principle by extracting 
sufficiently rich contextual information from the n-gram, 
and by providing a sufficiently large set of training 
examples to enable accurate classification.  Although, this 
approach does not require the use of dictionary or language 
analysis, it still requires the use of corpus. Its performance 
depends critically on the characteristics of the document 
domain and the size of the training corpus.  In addition, the 
preparation of this approach is time consuming. 

In summary, most word segmentation techniques are 
language-dependent.  They rely on language analysis or the 
use of dictionary or corpus when performing word 
segmentation.  They also work on word-level segmentation 
rather than phrases or sentences.  To illustrate the inverted 
index technique, a typical process of word inverted index 
approach is shown in figure 1. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
Where df = document frequency and tf = term frequency 
 
Figure 1:  An example of constructing an inverted index. 
 

Besides the word segmentation techniques, an n-gram 
based approach [14], [2] is an alternative method for 
extracting indexing terms from Thai texts [15].  N-gram 
based approach is a language independent approach, which 
does not require the use of language analysis, or dictionary 
or corpus. Many Asian research communities have 
acknowledged that the n-gram approach is a viable solution 
for extracting indexing terms in non-segmented languages 
such as Chinese, Japanese, Korea and Thai.  It is also used 
for other non-segmented texts in the area of bioinformatics.   

Let us consider a document d as a string of characters s1, 
s2, ..., sN.  An n-gram is a substring of n overlap or non-
overlap successive characters extracted from texts.  
Extracting a set of n-grams from the documents d can be 
done by using the 1-sliding technique [16].  That is, sliding 
a window of length n from s1 to sN and storing the 
characters located in the window.  Therefore, the ith n-gram 
extracted from document d is the substring si, si+1, ..., si+n.  
Figure 2 shows 1-gram, 2-gram, 3-gram, 4-gram, …, N-
gram overlap sequence of the document d containing the 
string S ‘ก�����ก��ก��’ that means “to be management” in 

English. 

d1: ก�����ก��ก�� 

Index Terms: ก��/ ���/ ก��/ ก�� 

Word segmentation 

Inverted index 

Index Terms df 

ก�� 1 

ก�� 1 

��� 1 
… … 

 

d1, 1 

d1, 2 

d1, 1 

Doc list 

Doc id, tf 

Index file 
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    : 

 
Figure 2:  The sets of 1-gram, 2-gram, 3-gram, …, N-gram 

overlap sequence of the document d. 
 
In Thai language, Jaruskulchai [17] showed that the more 

probable n for Thai language, that is not ideographic, should 
be greater than two.  Since the minimum number of  
character for Thai word appearance is two with at least one 
of them being a consonant, selecting the n greater than two 
could increase the possibility of achieving the retrieval 
effectiveness.  The top 20 of the high frequencies’ 3-gram 
and 4-gram can be used by most complete words in the Thai 
language. 

For information retrieval, after Thai texts are segmented 
into serial of indexing terms using word segmentation or n-
gram approaches, all tokenized indexing terms are then 
stored in alphabetical order in the inverted index for fast and 
efficient retrieval.  The inverted index is regarded as one of 
the popular and important index data structures used in 
information retrieval.  It is useful to speed up the process of 
building the indexing structure and is efficient for the 
retrieval of document containing a query term.  The inverted 
index is composed of two elements: the vocabulary and 
postings file. The vocabulary contains the set of all distinct 
indexing terms that occur in the documents.  The postings 
file contains a list of pointers or index term positions where 
they appear in the documents.  The posting file also consists 
of the identifier of the document that contains the terms and 
the list of the offsets where the terms occur in the document.  
For each term t, there is a posting list that contains postings 
< d, f, [o1, ..., of ] >, where d is a document identifier, f is 
the frequency of the term t in the document d and [o1, ..., of ] 
is a list of offsets o that can refer to term or character 
positions.  As a result, the postings file can be used to 
quickly access and retrieve information because the postings 
file function as a navigator to identify index term positions.  
However, the size of the postings file is sometimes larger 
than the size of the documents.  The following shows the 
organizing of the indexing terms into the inverted index. 

From figure 1 and 2, we can show an example of posting 
lists of indexing terms which are created on the document 
d1 containing the string S “ก�����ก��ก��” by using word 

segmentation and n-gram approaches.  In an n-gram 
approach,   3-grams are used as a parameter to depict in 
figure 3 as 3-grams are probably the best parameter for Thai 
texts because most of 3-gram indexing terms are meaningful 
in Thai language.   

d1:  ก �  �  �  �  � ก  � �   ก    �    � 
 1 2 3 4 5 6 7 8 9 10 11 12  
 
 

Word segmentation 
 
Vocabulary                       Posting file 

ก��                                    <d1, 1, [7]> 

ก��                                   <d1, 2, [1, 10]> 

���                                   <d1, 1, [4]> 

 
 
An n-gram approach 
 

3-gram 
Vocabulary                      Posting file 

ก�� :                               <d1, 1, [7]> 

ก�� :                                <d1, 2, [1, 10]> 

�ก� :                               <d1, 1, [9]> 

��� :                               <d1, 1, [4]> 

��� :                               <d1, 1, [3]> 

��ก :                               <d1, 1, [5]> 

��ก :                               <d1, 1, [8]> 

�ก� :                               <d1, 1, [6]> 

��� :                               <d1, 1, [2]> 

 
 
Figure 3:  An example of the inverted file of the document 

containing the string S “ก�����ก��ก��”  by using word 

segmentation and n-gram approaches. 
 
To build the inverted index efficiently, the trie data 

structure [18] is mainly employed to build the inverted 
index.  The trie data structure is a tree-based data structure 
in order to support fast string matching.  The "trie" comes 
from the word "retrieval" that was first introduced by 
Fredkin in 1960.  The trie data structure is regarded as a data 
structure that can be used to perform a fast search in a large 
text collection, such as searching words in the large text 
document collection or Oxford English dictionary that 
contains many gigabytes of texts.  All indexing terms in the 
vocabulary is represented by paths on the trie data structure.  
In addition, the posting file is kept in the trie data structure 
as well in order to speed up the accessing of the indexing 
terms.  The trie data structure is built from the given string 
in documents and the leaf nodes of each path contain the 
indexing terms and the lists of their positions, so this 
structure is particularly useful for any application that is 
based on information retrieval. 

1-gram ก, �, �, �, �, �, ก, �, �, ก, �, � 

2-gram ก�, ��, ��, ��, ��, �ก, ก�, ��, �ก, ก�, �� 

3-gram ก��, ���, ���, ���, ��ก, �ก�, ก��, ��ก, �ก�, ก�� 

N-gram ก�����ก��ก�� 
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In construction of the trie data structure, all indexing 
terms are stored by collecting one letter at a time in a 
lexicographical order in the trie data structure.  If two or 
more terms have the same prefix, they will be kept in the 
same subtree before moving to the next character.  
Otherwise, if the current character does not match the 
current nodes in the trie data structure, a new branch will be 
made to collect the mismatched character, and then moved 
to the next character.  In addition, at any time when the 
indexing terms are kept in a leaf node, the list of term 
positions is also shown in the leaf node on the trie data 
structure.  Finally, these processes are repeated until the end 
of the vocabulary. 

From figure 3, we illustrate the building of an inverted 
index using these processes as shown in figure 4. 

 
 

Word segmentation 
 

 
 
 

An n-gram approach 
 
 

 
 

Figure 4:  The illustration of building of inverted index of 
document containing the text “ก�����ก��ก��” by using word 

segmentation and n-gram techniques. 
 

The inverted index can be viewed as a word-based 
approach which has shown to work efficiently for 
segmented language such as English or European languages.  
However, the inverted index cannot be applied directly to 
Thai texts because Thai language is considered as a non-
segmented language.  To construct the inverted index for 
Thai texts, Thai texts need to be parsed and tokenized into 
individual words before indexing can be performed.  In 
addition, although the n-gram inverted index is language 
dependent, but this technique still requires extracting 
indexing terms when applied to Thai texts. 

The second indexing approach is by using a data structure 
called suffix array.  Within the suffix array scheme, Thai 
texts are viewed as a sequence of characters which can be 
structured by using an array.  Suffix array is one of the 
efficient computational method.  This type of index can be 
used for computing term and document frequency and 
allows users to answer efficiently for some complex queries.  
This technique was proposed in 2001 [3] by Yamamoto and 
Church.  The algorithm is based on suffix arrays [19] for 
computing tf (term frequency) and df (document frequency), 
and many functions of suffix arrays can also be used to 
solve  substring problems.  Term frequency (tf) is the 
standard notion of frequency in corpus-based natural 
language processing (NLP), it counts the number of times 
that a type (term/word/n-gram) appears in texts.  The suffix 
array data structure makes it convenient to compute the 
frequency and locations of a substring in a long sequence.  
The lexicographical ordering technique is used to group all 
suffixes together in the suffix array, and can be found 
efficiently with a search algorithm.  This technique 
constructs a suffix array that contains all suffixes, sorted 
alphabetically.  A suffix, also known as a semi-infinite 
string, is a string that starts at position i in the texts and 
continues to the end of the texts.  Therefore, constructed 
suffix array shows all possible substrings which are a prefix 
of suffix [3].  Suffix arrays of a string can be used as an 
index to locate all occurrences of a substring within the 
string.  Finding all occurrences of the substring is equivalent 
to finding every suffix that begins with the substring.  This 
enables the algorithm to compute the term frequency using 
overlapping computation.  As a result, suffix array can be 
used to retrieve frequent substring efficiently.  The 
following section depicts using suffix array to compute term 
frequency and to retrieve frequent substring. 

 
Let input text = “ก�����ก��ก��” 
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Figure 5:  Illustration of a suffix array from the input text = 

“ก�����ก��ก��” 

 
From figure 5, the suffixes are enumerated by using 

suffix array, but elements in the suffix array have not been 
initialized and sorted.  Each element in the suffix array, s[i], 
is an integer denoting a suffix or a semi-infinite string, 
starting at position i in the texts and extending to the end of 
the texts.  The elements in suffix array will then be sorted in 
alphabetical order for the next process as shown in figure 6. 

 

 
 

Figure 6:  Illustration of a suffix array from figure 5, that 
has been sorted in alphabetical order. 

In addition, there is another possible technique for 
indexing Thai texts, which is to discover frequent patterns 
from string.  This approach was first proposed by Vilo [4]  
to find frequent substring set in bioinformatics where string 
is the DNA sequences.  However, the survey shows that 
Vilo’s technique has not been used in Thai text mining as 
this approach was proposed for pattern matching in 
bioinformatics where string of DNA sequences are searched 
and matched.  However, DNA sequences can be regarded as 
long contiguous texts with specific alphabets (e.g. {A,C,G,T} 
in genome) [20] which is similar to Thai language.  This 
suggests that Vilo’s technique could be used as another 
technique for indexing Thai texts in the case of a language-
independent technique.   

This algorithm is the generalization of the wotd (write-
only top-down) suffix trie construction algorithm to find 
frequent substrings of the given texts.  This algorithm is 
interested in patterns that occur at least K times on texts by 
constructing only the subtrees of suffix trie that correspond 
to the frequent substrings, as show in figure 7. 

 
Let string S = “ก�����ก��ก��” and K =2 

String S =  ก �  �  �  �  � ก  � �   ก    �    �   $ 

 .pos      = 1 2 3 4 5 6 7 8 9 10 11 12 13 

 
  

Figure 7:  Discovering substring of string S = “ก��

���ก��ก��” having at least 2 occurrences in string S.  First 

node generated into the trie represent the substrings λ, ก, �, �, 

ก�, �� and ก��. 

 
In Vilo’s algorithm, each node in the trie represents a 

unique substring and contains the position list of locations in 
the string where substring occurs.  To create the children of 
a node, the algorithm finds only substrings which occur at 
least K different locations of the string, and only these 
substrings are inserted into the trie.  As a result, the resulting 
trie contains only subtree of substrings which appear at least 
K time on different locations of texts.  From figure 7, we 
have found that the algorithm generated six substrings from 
string S as below. 
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Table 1:  The frequent substring extracted from Vilo’s 
technique. 

 
 

However, the drawback of this Vilo’s algorithm is 
extracting numerous insignificant or small substrings when 
it is directly applied to Thai text indexing. This is because 
this technique will find the complete set of frequent 
substrings.  In addition, it may not necessarily enumerate all 
frequent substrings in Thai texts since most of the complete 
Thai words are composed by at least three alphabets.  
Meanwhile, the suffix array approach requires much more 
space to store the indexing terms when compare to other 
techniques. This is because this algorithm constructs a 
suffix array that contains all suffixes.  The drawback for this 
technique is in term of the index size of the suffix array, 
which seems as a critical factor in determining the space 
efficiency.  Since the size of electronically stored 
information in Thai language has grown exponentially,  
therefore the method of suffix array is not practical to be 
used in real applications.  In addition,  although inverted 
index techniques provide less number of indexing terms and 
index size, but they require pre processing and query 
processing in term of segmentation when used with Thai 
language. 
 

3 FREQUENT MAX SUBSTRING TECHNIQUE 
As described in section II, many approaches have been 
applied to Thai texts or un-delimited texts.  These 
approaches have their own advantages and disadvantages.  
For example, word inverted index usually rely on language 
analysis but use less storage space to keep indexing terms.  
Meanwhile, n-gram inverted index is language independent 
but it still requires extracting indexing terms. Suffix array 
and Vilo’s techniques also do not need any language 
analysis but they suffer from high storage space for storing 
indexing terms.  In addition, word and n-gram inverted 
index seem to be a promising method but these techniques 
require pre-processing and query processing before indexing 
and information retrieval can be performed.  The drawback 
with query processing is that it may lose the meaning of 
indexing terms and extra time is required to perform 
segmentation [12], [21], [22].   

In order to address the drawback of these techniques and 
to improve the efficiency of indexing Thai texts, frequent 
max substring technique is proposed in this paper as an 
alternative method for indexing Thai texts. The frequent 
max substring technique is a substring mining technique 
used to classify the terms called frequent max substring 
from the non-segmented texts where the word boundary and 
characteristic are not clearly defined, and to allow the 
construction of the index using trie data structure.  This 
technique was first introduced by Todsanai et al. [23] for 
indexing un-delimited texts and non-segmented document 
clustering [24] 

In order to explain the concept, the frequent max 
substring is first defined as follows. 

A. Definition of Frequent Max Substring 

 
Frequent max substring technique is used to extract 

indexing terms, known as frequent max substrings, from 
texts. The frequent max substrings refer to the substrings 
that appear frequently (at the given frequency threshold 
value) and have the maximum length on the given strings, 
so these terms are likely to be the patterns of interest.  In the 
following section, the definition of frequent max substring is 
provided. 

 
String 
Let ∑ be a finite set of characters. The size of ∑ is the 
number of unique characters in ∑, denoted |∑|.  Any 

sequence s of n characters, s = a1 a2 .... an, where ai ∈ ∑ and 

1 ≤ i  ≤ n, is called a string over the character set ∑.  The 
length |s| of the string s is n.  If n = 0, we call such a string 
an empty string, denoted byλ .  The set of all possible 
strings over ∑ is denoted ∑*.  Individual characters in a 
string are identified by their positions within the string, thus 
character ai at the position i is also denoted by s[i].  
For example, let string s = “ก�����ก��ก��” over ∑ = {ก, �, �, 

�, �, �, �}.  It can be seen that a1 is ก, a2 is �, a3 is �, a4 is �, 

a5 is �, a6 is �, a7 is ก, a8 is �, a9 is �, a10 is ก, a11 is � and a12 

is �. The length of the string s or n is 12. 

 
Substring 
Let s and x be two strings, x is called a substring of s if s = 
yxz for some strings y and z.  Note that substring x may 
occur more than once within string s.  For each occurrence 
of x in s, it can say that x occurs at position j if the last 
character of that occurrence is at position j of string s.  A 
given occurrence of substring x in s is also denoted by s[i, j] 
if the first and the last characters of the occurrence are at 
positions i and j of string s respectively.  
x ⊆ s is used to denote that x is a substring of s. If x ⊆ s and 
x ≠ s, it can say that x is a proper substring of s, denoted x ⊂ 
s. 
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For example, let string s = “ก�����ก��ก��”.   

If x = ‘ก’, x is a proper substring of s that has length 1, can 

be denoted by x ⊂ s, and this substring has multiple 
occurrences in s.  The occurrences of substring x in s is 
denoted by s[1, 1], s[7, 7], and s[10, 10].  If x = “ก��”, x is a 

proper substring of s that has length 3, can be denoted by x 
⊂ s, and this substring has multiple occurrences in s.  The 
occurrences of substring x in s is denoted by s[1, 3], and 
s[10, 12].  If x = “ก�����ก��ก��”, x is a substring of s that 

has length 12, can be denoted by x ⊆ s, and this substring 
occurs once with in s, as denoted by s[1, 12]. 
 
Substring Set 
Let s be a string.  The substring set for s, denoted SS(s), is 
defined to be a set of all substrings of the given string s.  
 
For example, let string s = “ก�����ก��ก��”. 

SS(s) is {ก, �, �, �, �, �, �,  

ก�, ��, ��, ��, ��, �ก, ก�, ��, �ก,  

ก��, ���, ���, ���, ��ก, �ก�, ก��, ��ก, �ก�,  

ก���, ����, ����, ���ก, ��ก�, �ก��, ก��ก, ��ก�, �ก��,  

ก����, �����, ����ก, ���ก�, ��ก��, �ก��ก, ก��ก�, ��ก��,  

ก�����, �����ก, ����ก�, ���ก��,  ��ก��ก, �ก��ก�, ก��ก��,  

ก�����ก, �����ก�, ����ก��, ���ก��ก, ��ก��ก�, �ก��ก��,  

ก�����ก�, �����ก��, ����ก��ก, ���ก��ก�, ��ก��ก��,  

ก�����ก��, �����ก��ก, ����ก��ก�, ���ก��ก��,  

ก�����ก��ก, �����ก��ก�, ���� ก��ก��,  

ก�����ก��ก�, �����ก��ก��,  

ก�����ก��ก��} 

 
Superstring 
If x and y are two strings and x is a substring of y, it can say 
that y is a superstring of x, denoted y ⊇ x. Furthermore, if     
x ≠ y, it can say that y is a proper superstring of x, denoted     
y ⊃ x. 
 
For example, let substrings x = “ก��” and y = “ก��”  be 

members of SS(s).  If x is a substring of y, then y is a 
superstring of x, denoted  

y ⊇ x  
 

Furthermore, let substrings x = “ก�” and y = “ก��”  be 

members of SS(s).  If x is a substring of y and x ≠ y, then y is 
a proper superstring of x, denoted 
 

y ⊃ x. 
 

 

Substring frequency 
Let s and x be two strings and x is a substring of s.  A 
substring frequency of x in s is defined as the number of 
different occurrences of x in s.  It can say that the substring 
frequency of x in s is f if x occurs at f different positions in s. 
The notation fs(x) is used to denote the frequency of 
substring x in string s. 
 
For example, let string s = “ก�����ก��ก��”, and x = “ก�”  

It can be seen that the substring frequency of x in s is 2, 
denoted 

fs(x) = 2 
 

Substring Frequency Set 
Let s be a string. The substring frequency set for s, denoted 
SFS(s), is defined to be a set of all substring-frequency pairs, 
where each substring-frequency pair consists of a unique 
substring x of s and the substring frequency of x in s. 
Formally,  

 
SFS(s) = { <x, f> |  where x ⊆ s and f  = fs(x) } 

 
For example, let string s = “ก�����ก��ก��” 

SFS(s) = {<ก, 3>, <�, 2>, <�, 3>, <�, 1>, <�, 1>, <�, 1>, <�, 1>}{, <ก�, 

2>, <��, 2>, <��, 1>, <��, 1>, <��, 1>, <�ก, 1>, <ก�, 1>, <��, 1>, <�ก, 

1>, <ก��, 2>, <���, 1>, <���, 1>, <���, 1>, <��ก, 1>, <�ก�, 1>, <ก��, 

1>, <��ก, 1>, <�ก�, 1>, <ก���, 1>, <����, 1>, <����, 1>, <���ก, 1>, 

<��ก�, 1>, <�ก��, 1>, <ก��ก, 1>, <��ก�, 1>, <�ก��, 1>, <ก����, 1>, 

<�����, 1>, <����ก, 1>, <���ก�, 1>, <��ก��, 1> , <�ก��ก, 1>, <ก��

ก�, 1>, <��ก��, 1>, <ก�����, 1>, <�����ก, 1>, <����ก�, 1>, <���ก��, 

1> , <��ก��ก, 1>, <�ก��ก�, 1>, <ก��ก��, 1>, <ก�����ก, 1>, <�����

ก�, 1>, <����ก��, 1>, <���ก��ก, 1>, <��ก��ก�, 1>, <�ก��ก��, 1>, 

<ก�����ก�, 1>, <�����ก��, 1>, <����ก��ก, 1>, <���ก��ก�, 1>, <��

ก��ก��, 1>, <ก�����ก��, 1>, <�����ก��ก, 1>, <����ก��ก�, 1>, 

<���ก��ก��, 1>, <ก�����ก��ก, 1>, <�����ก��ก�, 1>, <����ก��ก��, 

1>, <ก�����ก��ก�, 1>, <�����ก��ก��, 1>, <ก�����ก��ก��, 1>} 

 
Max Substring 
Let x and s be two strings and x is a substring of s. It can say 
that x is a max substring of s if x satisfies the following 
condition: for any substring y of s, if y ⊃ x, then  fs(y) } < 
fs(x). 

 
Max Substring Set 
Let s be a string. The max substring set of s, denoted MSS(s), 
is defined to be the set of all max substrings of s. 
 
For example, from SFS(s),  

MSS(s) = {<ก, 3>,  <�, 3>,  <ก��, 2>, <ก�����ก��ก��, 1>} 
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Frequent Substring 
Let x and s be two strings and x is a substring of s. For a 
given frequency threshold value θ, θ > 1, it can say that x is 
a frequent substring of s at threshold θ if fs(x) ≥ θ. 
 
Frequent Substring Set 
Let s be a string and θ is a given threshold value (θ > 1), the 
frequent substring set of s at threshold θ, denoted FSS(s, θ), 
is the set of all frequent substrings of s at threshold θ, ie, 
FSS(s, θ) = { x | x ⊆ s and fs(x) ≥ θ }. 
 
For example, from SFS(s), 

FSS(s, θ) = {<ก, 3>, <�, 2>, <�, 3>, {<ก�, 2>, <��, 2>, <ก��, 2>} 

 
Frequent Max Substring 
Let x and s be two strings. For a given frequency threshold 
value θ, θ > 1, it can say that x is a frequent max substring 
of s if x is a max substring of s and fs(x) ≥ θ. 
 
Frequent Max Substring Set 
Let s be a string and θ is a given frequency threshold value 
(θ > 1), the frequent max substring set of s at threshold θ, 
denoted FMAX(s, θ), is the set of all frequent max substrings 
of s whose substring frequency is at or above θ, ie, FMAX(s, 
θ) = { x | x is a max substring of s and fs(x) ≥ θ }. 
 
For example, from SFS(s), 

FMAX(s, θ) = {<ก, 3>,  <�, 3>,  <ก��, 2>} 

 
In frequent max substring technique, only subtrees that 

correspond to the frequent max substrings which contain all 
frequent substrings is constructed.  This is more efficient 
and uses less space for storing indexing terms.   

 The frequent max substrings refer to all substrings which 
appear frequently at least a given frequency threshold value, 
and have the maximum length of substring on the given 
texts.  It is assumed that the frequent max substrings are 
likely to be the terms of interest in a document.   

Frequent max substring is based on text mining that 
describes a process of discovering useful information or 
knowledge from unstructured texts.  This approach uses the 
analysis of frequent max substring set to extract indexing 
terms as long and frequently-occurred substrings called 
frequent max substrings rather than individual words from 
Thai texts. 

The frequent max substring set is extracted by using the 
frequent max substring technique.  In this technique, the 
superstring definition and  given frequency threshold value 
are applied to reduce the number of substrings.   

Trie data structure is the data structure employed to 
extract a frequent max substring set and to create the index 
at the same time.  The basic concept of frequent max 
substring technique is to enumerate substrings with their 
frequencies and positions.  Such substrings will then be 
selected based on the given frequency threshold value. 

Therefore, it is necessary to have some efficient 
enumeration method that can be used to generate all 
substrings and their frequencies correctly from texts.  Suffix 
trie structure [18] is an efficient enumeration method to 
extract substrings but it enumerates only substrings without 
their frequencies information. If suffix trie could also keep 
frequencies of substrings, it could be exploited in frequent 
max substring technique.  In this paper, the concept of 
Frequent Suffix Trie structure, FST structure, is also 
proposed. The proposed frequent suffix trie structure is used 
to extract frequent max substrings. The frequent suffix trie 
structure is inherited from suffix trie structure properties: 1) 
the frequency of parent substrings are always not less than 
the frequency of child substrings in the same path, because 
the parent substrings are distributed to child substrings. 2)  
Frequent substring set can be covered by set of frequent max 
substring.  These properties are exploited to reduce the 
number of enumeration frequent max substrings in frequent 
max substring technique.  As a result, all frequent max 
substrings are showed on the resulting frequent suffix trie 
structure.  Therefore, all possible frequent substrings can be 
derived from frequent max substrings because the frequent 
max substring set contain all possible frequent substrings 
while less space is required to keep the frequent max 
substrings.  In addition, the index can also be built from the 
resulted frequent suffix trie structure that shows all frequent 
max substrings with their frequencies and list of positions.  
This technique is easy to implement and uses less space. 

 
For the proposed frequent suffix trie, FST structure, the 

definition is as follows. 

B. Definition of frequent suffix trie structure 

 
A set of all suffixes of an n-length string s or s[i, n]; 

where 1 ≤ i ≤ n,   is a set of substrings of string s that 
starts at position i and ends at position n[18]. 

The frequent suffix trie structure of n-length string s is tree 
structure that represents all suffixes of string s starts with 
root node and ends with n leaf nodes.  Also ‘$’ is appended 
at the end of string s.  $, the terminating symbol, is added to 
show the end of string s and to make all suffixes of string s 
different from each other.  Therefore, all suffixes of string s 
contain $ at the n different ends of the frequent suffix trie 
structure.  The frequent suffix trie structure also shows all 
substrings with their frequencies and position lists of any 
substrings of string s.   

Edge is a symbol or a character that is an element of the 
character set. Each edge starts with the same character, and 
then an extra character is added at each edge.   

 A node is used to represent a substring with frequency 
and list of positions (or .pos).  The position is the end 
position of each substring of string s.  Each depth of node 
leads to increased length of substrings.  All leaf nodes keep 
suffixes with their frequencies and list positions of suffixes. 
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C. Frequent Max Substring Technique 

 
The frequent suffix trie structure shows all substrings with 

their frequencies and list of positions.  The end of a string is 
shown by $.  The frequent suffix trie structure can be 
created by the three steps.   

The following example shows the frequent suffix trie 
structure representing all substrings with their frequency and 
list of positions of the Thai text. 

 
 

Let string s = “ก�����ก��ก���  

And the given frequency threshold value or θ = 2 
1)      Append $ to the string and define the position of each 

character in the string.  

String s :  ก � � � � � ก � � ก  �   �  $  
Position (.pos) : 1 2 3 4 5 6 7 8 9 10 11 12 13 
 
2) Enumerate all suffixes of the string 
3) All suffixes are used to create the frequent suffix trie 

structure, as shown figure 8.

 
 Figure 8: The FST structure for string s = ก�����ก��ก��$ 
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From figure 8, the frequent suffix trie structure can be used 
to extract frequent max substrings by using straightforward 
algorithm as described in the following steps:  

 
Step 1: Enumerate SFS(s) of string s using the FST 

structure. 
Step 2:  Extract frequent substring set or FSS(s, θ)  
Step 3:  Extract frequent max substring set or FMAX(s, θ)  

 
From the above algorithm, frequent max substring 
technique must first enumerate frequent substring set, 
SFS(s),. If |s| = n, then   |SFS(s)| = O(n2), because SFS(s) 
consists of 1-length substrings to n-length substrings.  A 
large memory has to be used to keep numerous substrings 
in SFS(s). Thus, a resolution to reduce memory is the 
reduction of the number of SFS(s) using two reduction rules;  

 
A) Reduction rule using the given frequency threshold 

value, θ, to check extracting termination  
B)   Reduction rule using superstring definition.  
 
 

Rule A:  Reduction rule using θ to check extracting 
termination 

 
From the properties of the frequent suffix trie structure, the 
frequency of a parent substring (Node) is always not less 
than that of its child substring (Node), because the parent 
substring is distributed to the child substring.  Therefore, 
the enumeration of the child substring is terminated when 
the frequency of its parent substring is less than θ in the 
same path.   

Let x  and  y are substrings in the same path on the 
frequent suffix trie structure, if x is a substring of y and y is 
a proper superstring of x, then the frequency of x or fs(x) is 
always not less than the frequency of y or fs(y),  denoted  
 

y ⊃ x         fs(y) ≤  fs(x) 
 

Rule B:  Reduction rule using superstring definition   
 
Substrings enumeration can be reduced by considering 
superstring definition.  For example, let x is substring of s 
that has length 1 and y is substring of s that has length 2, 
and also y is proper superstring of x.  If the frequency of x  
is equal to the frequency of y where x and y are substring in 
different paths, substring enumeration would be stopped in 
the x path, denoted 
 

y ⊃ x and fs(y) = fs(x)         Stop generating x path 
 

In order to improve the algorithm, an algorithm is proposed.  
This algorithm uses the above two reduction rules to reduce 
storage requirement and the number of computations.  Heap 
structure was employed to support the computation for the 
efficient algorithm [18].  Min Heap is data structure that is 

its basic form supports the operations insert and delete-min.  
Therefore, it can insert, update and delete substrings on 
Min Heap structure in order to extract efficiently the 
frequent max substring set.  In the following section, 
extracting FMAX(s, θ) is shown as the following steps. 
 

Let string s = “ก�����ก��ก���  

And the given frequency threshold value or θ = 2 
 
1. Enumerate the 1-length substrings with their 

frequencies, and then select frequent substrings that 
occur at least at the given frequency threshold value.  
Substrings, frequency and position transaction (.pos) 
are kept in Min Heap structure sorted by order 
occurring in texts. The prior substrings can be more 
frequent max substrings than later substrings. 
 

2. Enumerate the child substrings of a substring in Min 
Heap to process, and select only frequent child 
substrings.  Min Heap structure will then be updated by 
using deletion rule [23].  The deletion rule will check 
which child substrings are superstring of existing 
substrings in the Min Heap structure.  If the frequency 
of existing substrings in Min Heap equal to the 
frequency of superstring, the existing substrings will be 
deleted from the Min Heap structure and frequent child 
substrings are inserted in Min Heap instead by 
considering two rules; (1) a substring will be inserted 
to Min Heap structure ordered by the occurring 
position on string s, (2) if the first position of the 
substring is equal to the first position of an existing 
substring in Min Heap, a substring is inserted in the 
last position in the same group. The processed 
substrings are deleted from Min Heap.  The other 
substrings will be processed until Min Heap structure 
is empty. 
 

3.  Extract frequent max substrings by selecting substrings 
having no superstring from substrings in Min Heap. 

 
The next example shows the process of the algorithm using 
Min Heap structure and two reduction rules to reduce 
storage requirement and the number of computations 
frequent max substrings. 

 
 

String s :  ก � � � � � ก � � ก  �   �  $  
Position (.pos) : 1 2 3 4 5 6 7 8 9 10 11 12 13 
 

 
Min Heap structure 
 
1-length substrings are enumerated and their frequencies 
checked, and then only frequent substrings are kept. 
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<ก, 3> is removed from Min Heap.  After that extracting its 

child substrings of <ก, 3> using position transaction of <ก, 

3>. Child substrings consist of <ก�, 2> and <ก�, 1>.  <�, 2> 

is deleted from Min Heap because <ก�, 2> is a proper 

substring of  <�, 2> at the same frequency and <ก�,1> is not 

kept in Min Heap because its frequency are less than the 
given frequency threshold value.  <ก�, 2> is kept in Min 

Heap using the insertion rule because its frequency is equal 
to the given frequency threshold value.   
 
 
 
 
 
 
 
<ก�, 2> is removed from Min Heap, and then its child 

substrings are extracted using its position transaction. The 
child substrings of <ก�, 2> consist of <ก��, 2>.  <ก��, 2>  is 

kept in Min Heap using the insertion rule because its 
frequency is equal to the given frequency threshold value.      
 
 
 
 
 
      
 
<ก��, 2> is removed from Min Heap, and then its child 

substrings are extracted using its position transaction. They 

consist of <ก���, 1> and <ก��$, 1>. They are not kept in 

Min Heap because their frequencies are less than the given 
frequency threshold value.   
 
 
 
 
 
 
 
<�, 3> is removed from Min Heap, and then its child 

substrings are extracted using its position transaction. They 
consist of <��, 1>, <��, 1> and <�$, 1>. They are not kept 

in Min Heap because their frequencies are less than the 
given frequency threshold value. 
 
 
 
 
 
 
 

The algorithm will stop when Min Heap is empty.  That 
means all substrings in Min heap were detected and 
processed completely. 
 
From the process, the frequent suffix trie structure can be 
shown in figure 9.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  9:   The FST structure using the efficiency 
algorithm. 

   
Figure 9 shows the FST structure using the efficient 
algorithm.  The result is FMAX(s, θ) = {<ก, 3>, <�, 3>, <ก��, 

2>}.  From observation, frequent max substring technique 
provide less number of indexing terms but all possible 
frequent substrings can be derived from the set of indexing 
terms that is extracted by the frequent max substring 
technique without information loss.   

 

4  EXPERIMENTS AND DISCUSSION 
In this section, an experiment for indexing Thai texts is 
shown.  Suffix array, Word inverted index, n-gram inverted 
index, Vilo’s technique and the frequent max substring 
techniques are also investigated.  These five approaches are 
compared and evaluated in terms of the number of indexing 
terms, index size and indexing time.  In the experiment, the 
frequency threshold is set to 2.  

The text collection used for evaluation is a set of 50 
Thai Web pages.  All Thai web pages used are Thai news 
websites which consist of different contents: sport, travel, 
education and political news.  The documents have varying 
lengths.  The set of documents contains 103,287 characters, 
and average document length is 2,065 characters or 78 
words per document.  The basic statistics for the text 
collection are shown in table 2.   
 

Table 2:  Basic statistics for Thai text collection 
 

 No. of 
Docs 

No. of 
Chars 

No. of 
Words 

Avg. 
Chars./
Docs 

Avg. 
Words/
Docs 

Sport 
news 

15 24727 997 1648.46 66.46 

Travel 
news 

15 29096 1022 2078.28 73 

Political 
news 

15 38017 1398 2534.46 93.2 

Education 
news 

5 9445 336 1889 67.2 

<�:3> <ก:3> 

.pos=2,11 

<ก��:2> 

� 

Root 

.pos=3,5,12 .pos=1,7,10 

<ก�:2> 

ก � 

� 

.pos=3,12 

    

       ก, 3                       �, 2                    �, 3 

.pos=1, 7, 10  .pos=2, 11    .pos=3, 5, 12   
 

       ก�, 2                      �, 3 

.pos=2, 11       .pos=3, 5, 12   
 

       ก��, 2                      �, 3 

.pos=3, 12       .pos=3, 5, 12   
 

       �, 3  

.pos=3, 5, 12   
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The methodology used to compare the five indexing 
approaches is based on space and time efficiency for 
indexing Thai texts.  In space efficiency, the number of 
indexing terms which enumerated by using five different 
approaches is compared, and index sizes used by the five 
approaches are also evaluated.  The computational 
complexity used by the five indexing techniques are 
calculated in order to compare the time efficiency for 
indexing Thai texts.  In the n-gram inverted index,   3 is 
chosen to be the n, as most of 3-gram indexing terms are 
meaningful in Thai language.  In the following sections, the 
comparison among five different indexing approaches is 
presented. 
 

 
Space efficiency 
In order to compare the five different indexing techniques 
for Thai texts, the number of indexing terms which were 
extracted is first compared.  The five indexing approaches 
used in the comparison are: suffix array, word inverted 
index, n-gram inverted index, Vilo’s technique and the 
frequent max substring techniques. The results are shown in 
figure 3.12 and figure 3.13.  

 

 
 

Figure 10: The number of indexing terms extracted from 
three techniques: Suffix array, Vilo’s technique and 

Frequent max substring techniques 
 
From figure 10, it can be observed that frequent max 
substring mining technique extracted less number of 
indexing terms when compare to suffix array and Vilo’s 
techniques. 

From observation, these three algorithms can be used to 
retrieve all frequent substrings which occur at least at the 
given frequency threshold value as described in previous 
sections.  The indexing terms extracted by using these three 
techniques may or may not be meaningful as these are 
language independent techniques.  From the result, suffix 
array approach provides less number of indexing terms than 
Vilo’s technique.  The number of indexing terms which 
were extracted by suffix array approach is linear when 
reference to the document size, or n characters as suffix 
array basically enumerates all suffixes of a given string. 
While for Vilo’s technique, the number of indexing terms 
generated is dependant on the size of the longest substrings 
that occur at least at the given frequency threshold value.  
In addition, the frequent max substring technique provides 
less number of indexing terms than suffix array technique 
and Vilo’s technique.  In frequent max substring technique, 
the algorithm enumerates only substrings that correspond to 

the frequent max substrings which contain all frequent 
substrings.  Therefore, it uses less storage space for storing 
and extracting all frequent substrings because all possible 
frequent substrings can be derived from the set of frequent 
max substrings without any information loss.  This could 
suggest that the frequent max substring technique is more 
computational and storage efficient when compared to 
suffix array and Vilo’s techniques. 

 

 
 

Figure 11:  The number of indexing terms extracted from 
three techniques: Word inverted index, 3-gram inverted 

index and Frequent max substring techniques 
 

In the word inverted index method, all indexing terms are 
meaningful because this technique usually relies on 
language analysis or on the use of dictionary.  However, the 
drawback of this technique is that this method requires 
query processing and pre-processing in term of 
segmentation before searching and indexing can be 
performed.  However, the ambiguous context of Thai texts 
is one of the major causes in degrading the efficiency of the 
parser.  In addition, some frequent substrings cannot be 
found on the word inverted index.  

In the 3-gram inverted index approach, the indexing 
terms extracted by using this technique may or may not be 
meaningful.  Despite, using 3-gram inverted index yields 
less number of indexing terms than frequent max substring 
technique.  Whereas, the disadvantage of 3-gram inverted 
index is that it requires query processing before searching 
can be performed and query processing may lose the 
meaning of indexing terms.  The n-gram inverted index also 
requires pre-processing to generate n-gram before indexing 
can be performed.   

From figure 11, it can be observed that frequent max 
substring technique provides slightly more number of 
indexing terms than word inverted index and 3-gram 
inverted index techniques. It is worth noting that this 
proposed technique does not require any query processing 
and pre-processing before searching and indexing can be 
performed.  All frequent substrings can also be found on 
the frequent max substring technique. 

Furthermore, as can be seen from the results, most of 
indexing terms extracted by the frequent max substring 
technique are meaningful as these indexing terms occur 
frequently on the texts.  However, the occurrence of 
indexing terms in texts and the given frequency threshold 
value are the main factors impacting the number of 
indexing terms.  The results show that the number of 
indexing terms increases when the texts contain numerous 
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small frequent substrings and the lengths of the frequent 
max substrings are short.  In addition, the number of 
indexing terms is also decreasing when the given frequency 
threshold value increased.   
 

For another experiment, a comparison of index size 
from five approaches is shown in figure 12, figure 13 and 
figure 14, respectively.  The comparison of index size 
refers to the storage space used by the five different 
approaches to index the terms and their pointers.  Each 
technique requires different index size although they are 
performed on the same data collection.  This is because the 
indexing terms which are extracted by the five approaches 
have varying lengths and pointers.  Therefore, the 
comparison between the number of indexing terms and 
index size are different in term of memory.  In this 
experiment, bytes are used as a measuring unit for 
comparing the index size used in the five different 
approaches.    

 
 

 
 

Figure 12:  A comparison of index size from two 
techniques: Suffix array and Frequent max substring 

techniques 
 
 

 
 

Figure 13:  A comparison of index size from two 
techniques: Vio’s technique and Frequent max substring 

technique 
 
 

 

Figure 14:  A comparison of index size from three 
techniques: Word inverted index, 3-gram inverted index 

and Frequent max substring techniques 
 
From the evaluation results as shown in figure 12, the 
suffix array approach obviously requires much more space 
to store the indexing terms when compared to the frequent 
max substring and other techniques. This is because this 
algorithm constructs a suffix array that contains all suffixes 
from given texts, sorted alphabetically that starts at position 
i in the texts and continues to the end of the texts.  As a 
result, the drawback in terms of index size of this technique 
seems very critical.  Since the size of electronically stored 
information in Thai language has grown exponentially, the 
method of suffix array is no longer practical to use in the 
real environment because the suffix array uses high storage 
space for containing all suffixes of the texts even when the 
texts are short.  Meanwhile, Vilo’s technique also requires 
more storing space when compared to the frequent max 
substring and other techniques but less than the suffix array 
approach as shown in figure 13. Although the given 
frequency threshold value can be used to reduce the index 
size, Vilo’s technique still generates all possible frequent 
substrings from the given Thai texts that requires more 
storing space. 

In the word inverted index, 3-gram inverted index and 
frequent max substring techniques, index sizes used by 
these three approaches are quite similar. They yield much 
smaller index sizes than the suffix array and Vilo’s 
approaches as shown in figure 14.  The frequent max 
substring technique stores only frequent max substrings, 
thus this technique requires a small index size.  However, 
the word inverted index and 3-gram inverted index 
approaches also require less index size than frequent max 
substring technique as  these two techniques store the 
indexing terms in word and small substring levels.  
Although, frequent max substring technique requires more 
index size, but the benefit of this technique is it does not 
need the extra space to store the dictionary and does not 
require pre-processing to generate n-gram when compared 
to the word inverted index and n-gram inverted index, 
respectively. 
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Time efficiency 
In this section, a comparative study of five approaches 

in term of indexing time is performed.  The time used to 
index the texts is calculated in process rounds dependant on 
the text lengths or n characters.  Time complexities used in 
these five approaches are also examined in this section.  
Figure 15, figure 16, figure 17 and figure 18 show the 
experimental results in term of indexing time. 

 
 

 
 

Figure 15:  A comparison of indexing time of two 
techniques: Word inverted index and Frequent max 

substring techniques 
 

 

 
 

Figure 16:  A comparison of indexing time of two 
techniques: 3-gram inverted index and Frequent max 

substring techniques 
 

 

 
 

Figure 17:  A comparison of indexing time of two 
techniques: Suffix array and Frequent max substring 

techniques 
 

 

 
 

Figure 18:  A comparison of indexing time of two 
techniques: Vilo’s technique and Frequent max substring 

techniques 
 
It can be observed from figure 15 that the frequent max 
substring technique uses less indexing time than the word 
inverted index technique.  In the word inverted index, Thai 
texts need to be parsed and tokenized into individual terms 
before construction can be performed.  Therefore, this 
technique requires two processing times: the pre-processing 
and indexing times.  O(n|Dic|) time complexity is required 
to parse words from a given Thai texts by using a set of all 
possible words in dictionary to match a given Thai texts for 
segmenting process.  O(n2) time complexity is required for 
constructing the inverted index.  As a result, the word 
inverted index method takes O(n|Dic|) + O(n2) time 
complexity for indexing Thai texts where |Dic| is dictionary 
size.  Meanwhile the frequent max substring technique does 
not require the pre-processing time.  However, the 
drawback of the frequent max substring technique is 
indexing time required for constructing an index when 
compared to other three techniques: suffix array, 3-gram 
inverted index and Vilo’s techniques.  As can be observed 
from the results,  the proposed technique requires more 
time to check the substring status because each time a new 
indexing term is generated, the existing indexing terms 
have to be checked being substring of the new indexing 
terms in order to reduce the number of computation.  
However, the indexing time is dependent on the given 
frequency threshold value and the size of maximum 
indexing terms.  The frequent suffix trie structure is used to 
perform indexing.  The indexing time is not known before 
the frequent suffix trie structure is built because it is 
dependent on the given frequency threshold value and the 
size of maximum indexing terms.  As a result, this method 
requires O(n2d) in time complexity where d is the size of 
maximum indexing terms.  

In the 3-gram inverted index technique, Thai texts need 
to be tokenized into 3-grams before construction can be 
performed.  As a result, the 3-gram inverted index also 
requires two processing times: the pre-processing and 
indexing times.  The 3-gram inverted index approach takes 
O(n) + O(n2) time complexity as O(n) time complexity is 
required to generate all 3-grams from a given Thai texts and 
O(n2) time complexity is used for constructing the inverted 
index.  As observed from the figure 16, the 3-gram 
approach required less indexing time than frequent max 
substring technique, although this technique need pre-
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processing because only O(n) time complexity was used in 
extracting 3-gram terms. 

In figure 17, the method of suffix array is 
straightforward.  This technique first generates all suffixes 
of given texts.  Then all suffixes will be sorted in 
alphabetical order for computing the frequency and location 
of indexing terms.  As a result, this method takes O(n2) 
time complexity for constructing an index.  Furthermore, 
the indexing time used to index the suffix array can be 
changed dependent on sort algorithms.  In this experiment, 
quick sort is used in sorting indexing terms as the quick sort 
is the simplest efficient approach to build suffix array and 
trie data structures sequentially. 

 From figure 18, Vilo’s technique takes O(nd) time 
complexity where d is the depth of the trie.  In this 
technique, pattern trie data structure is used to perform 
indexing.  The indexing time is not known before the trie is 
built because it is dependent on the defined frequency and 
the depth of the trie.  For instant, if defined frequency = 1, 
the algorithm will construct the full suffix trie of depth n 
that takes O(n2).  In contrast, if defined frequency = 2, the 
algorithm will takes O(nd) time complexity where d is 
depth of the trie or the size of maximum indexing terms 
which occur at least at defined frequency.  

It can be observed that the 3-gram inverted index, suffix 
array and Vilo’s technique performed well in term of 
indexing time as these three techniques are straightforward 
and simple in constructing the index. Meanwhile the word 
inverted index and frequent max substring techniques 
required more time to compute the complex tasks such as 
indexing term segmentation using dictionary match and 
checking superstring definition in the frequent max 
substring technique. 

 

5 CONCLUSION  
This paper presents a proposed technique, called Frequent 
max substring technique, to extract indexing terms, known 
as frequent max substrings, for indexing Thai texts.   

 
 
 

The proposed technique will be able to construct the index 
using less storage space to facilitate more efficient Thai text 
retrieval. The proposed technique used a proposed data 
structure, called Frequent suffix trie (FST) structure, to 
assure exhaustive enumeration of substrings to support 
extracting frequent max substrings.  In practice, the heap 
data structure is employed to compute the frequent max 
substrings by using two reduction rules to reduce storage 
requirement and the number of computations required for 
extracting frequent max substrings.  In this paper, 
experiments were performed on indexing the 50 Thai web 
pages. Comparison results are also presented.  Five 
indexing techniques are compared in term of space and 
time efficiency.  From the experimental studies and 
comparison results, it can be observed that the proposed 
technique requires less space to store the indexing terms 
than suffix array and Vilo’s techniques.  Meanwhile, the 
frequent max substring technique provides similar number 
of indexing terms when compared to word inverted index 
and 3-gram inverted index techniques.  In addition, word 
inverted index, 3-gram inverted index and the frequent max 
substring mining techniques yield similar index sizes, 
which are much smaller when compared to the suffix array 
and Vilo’s approaches.  However, the drawback of word 
inverted index and 3-gram inverted index technique is that 
these techniques require query processing and pre-
processing before searching and indexing can be performed, 
while the proposed technique does not require any query 
processing and pre-processing. The proposed technique is 
also language independent technique that could be applied 
to many applications.  In term of time efficiency, the 
drawback of the frequent max substring technique is 
indexing time required for constructing an index when 
compared to other techniques.  This technique requires 
more time to double check the conditions.  However, the 
indexing time is dependent on the given frequency 
threshold value and the size of the maximum indexing 
terms.  Furthermore, the occurrence of indexing terms in 
texts and the given frequency threshold value are also the 
main factors impacting the space and time efficiency for the 
proposed technique. 
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