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ABSTRACT 

 

In most Asian languages, boundaries of words inside a sentence or clause are usually 

omitted. These matters of unsegmented words have been causing huge problems for 

information retrieval, machine translation, text-to-speech, and many other natural 

language processing (NLP). Thus, word separation is the essential assignment to be 

done in NLP research. There are many studies involved with word segmentation of 

Khmer and Asian languages have been investigated. In Khmer Word Segmentation, 

several approaches related to segmenting words based on dictionary have been studied. 

There are only a few researches about solving unknown word problem. This matter is 

a quite challenge task in word separation. In this research, Maximum Matching 

algorithm (MMA) together with Rule-based technique has been proposed. First, MMA 

and a Khmer manual corpus were used to make word boundaries in each sentence. Then 

the unknown words were then defined and solved by using 21 grammar rules created. 

We tested the segmentation with 2018 sentences from agriculture, magazine, 

newspaper, technology, health and history. With Maximum Matching alone, we could 

achieve the accuracy of 88.10% and along with Rule-based, the accuracy increased to 

92.02%.  
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CHAPTER 1  

INTRODUCTION 

 

1.1 Overview of Khmer Language 

Khmer is one of the oldest language in Southeast Asia. It is the official and national 

language used by the people in Cambodia. It is also the language spoken by some 

individuals who live in the eastern of Thailand and southern of Vietnam. Most of the 

Khmer characters and words are taken from Pali-Sankrit language which shares the 

similarity with Thai and Lao. Based on the book written by Chhorn, C. (2002), there 

are 33 consonants, 23 dependent and 13 independent vowels, 10 digits of numeric, and 

approximately 27 diacritics/special characters as shown in Table 1.1. 

 

Table 1.1 Types of Khmer characters 

Consonants/ its 

subscripts 

ក្ក ខ្ខ គ្គ ឃ្ឃ ង្ង  ច្ច ឆ្ឆ ជ្ជ ឈ្ឈ ញ្ញ  ដ្ដ ឋ្ឋ ឌ្ឌ ឍ្ឍ ណ្ណ  ត្ត  
ថ្ថ ទ្ទ ធ្ធ ន្ន  ប្ប ផ្ផ ព្ព ភ្ភ ម្ម  យ្យ រ្រ ល្ល វ្ វ ស្ស ហ្ហ ឡ អ្អ  

Dependent Vowels 

 

Independent Vowel ឥ ឦ ឧ ឩ ឪ ឫ ឬ ឭ ឮ ឯ ឰ ឱ,ឲ្យ ឳ 

Numeric ០ ១ ២ ៣ ៤ ៥ ៦ ៧ ៨ ៩ 
Diacritics/special 

characters 
 

Source: Chhorn, C. (2002). Khmer Grammar for General Studies. Phnom Penh, Cambodia. 

 

In Khmer language, a word is made up of one or more syllable(s). A syllable is 

created by using a combination of the characters. To produce a syllable, at least one 

starting consonant or independent is required. The syllable cannot start with a 
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dependent vowel or special character. In order to formulate a Khmer word, it can be 

complicated since the position of the characters after the first one can be on the left, 

right, above, middle-above, below, and double-below as shown in Figure 1.1. The 

consonant subscripts are often used and always in the below position.   

 

Figure 1.1 The structure of Khmer words  

 

 

 

 

 

 

 

Source: Chhorn, C. (2002). Khmer Grammar for General Studies. Phnom Penh, Cambodia. 
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1.2 Characteristics of Khmer Word Taken from Pali-Sankrit and Its 

Borivasap 

Because of the influence of Hinduism and Buddhism, similar to the neighboring 

country languages like Thai and Lao, most of the Khmer words are borrowed from Pali-

Sankrit, which is the mixture language of Pali and Sankrit.  According to the book of 

Chhorn, C. (2002), we can recognize the Pali-Sankrit taken words based on their 

characteristics or rules as following: 

1. No symbols such as “់  ៗ” at the end of word: ជ្ន្ ទារក្ ម្រត្ក្ ចៅរ្ក្ម្ នានា ភ្ព្ ... 
2. Symbols such as “់  ់  ់ ” at the end of word: រ្ប្ចោជ្ន្  រ្ាព្ណ្  ចភ្ស្ជ្ជ  ចស្នហ្  ... 
3. The word has independent vowel: ឯក្ចោ ឥច្ឆឆ  ឯក្ការ ឯក្ារ ឫក្ពា ឫស្សី ឧទាន្ ... 
4. The word has “់ ” symbol: អាល្ យ្ វ្ិស្ យ្ អ្នាម្ យ្ និ្ស្ស យ្ ឧស្ម ន្ ន្ យ្ វ្័យ្ រហ្ ស្ ... 
5. The first consonant of word has the sounds “អាក្  អា៊ា ក្ ”: ក្ស្ិក្រ ក្វ្ ីគ្ណ្តិ្ ធ្នាគារ ... 
6. The character “ណ្” but sound “ន្”: ធ្រណ្ី រ្ប្ពព្ណ្ី មាណ្ព្ ប្ចវ្ណ្ី ចវ្រម្ណ្ី វ្សិ្ណ ុរម្ណ្ ី… 

7. The character “ប្” but sound “ប្៉”: ប្រិមាណ្ ប្រិចវ្ណ្ បាត្ុក្ម្ម បាត្ភុ្ូត្ ប្ចច្ចក្ចទ្ស្ បាត្ុភ្តូ្ … 

8. The character “ត្” but sound “ដ្”: ត្ំប្ន្  ោរា ប្ិោ ចត្ចោ ត្ំណាល្ ចច្ត្យិ្ ចស្នាប្ត្ី ស្ោី ... 
9. The character “ច់” but sound “ែ់”: ចខ្ត្ត ចរ្ប្ត្ ចស្នហ្  ចក្ណ្ឌ  ស្ចង្ខប្ ចស្ដ្ឋី រ្ព្ះស្ុចម្រ ុចក្ត្ុ ... 
10. The character “់”ិ but sound “់”ី: ប្ិោ ប្ិាច្ ខ្ន្តី … 

11. The character “់”ិ but sound “ច់”: ស្ថិរភាព្ ច្ិរភាព្ ស្ិរ រ្ព្ះស្ិរ … 

12. The character “់”ំ but sound “់ ង្”: ស្ំវាស្ ស្ំរ្ស្កតឹ្ ស្ំចោគ្ ស្ំចវ្គ្ ស្ំចោហ្  ស្ាំរ  ... 
13. The word has “ខ្ គ្ ឃ្ ថ្ ទ្ ធ្ ភ្” at the end: ម្ុខ្ ស្ខុ្ នាគ្ ចម្ឃ្ រ្ប្មាថ្ វ្ោិទ្ ព្ិចាធ្ ...  
14. The word has “ជ្ ដ្ ឌ្ ណ្ ព្ ឋ្ ឍ្ ព្”: ម្ុជ្ រាជ្ ចកាដ្ឋ រ្ទ្ឌុ្ចរ្ទាម្ រ្បាណ្ ចល្ណ្ដ្ឋឋ ន្ ភាព្ … 

15. The word has double consonant: ចខ្ត្ត វ្គ្គ ប្ ណ្ណ ចព្ទ្យ ស្ម្ុរ្ទ្ រារ្ស្ត វ្ល្ល ិរដ្ឋ ស្ំប្ុរ្ត្ ស្ង្ឃ ... 
16. A consonant and a vowel together act as a consonant: ភ្ូម្ិ ោតិ្ រ្ប្តិ្ប្ត្ត ិវ្ល្ល ិរ្តុ្ដិ្ ...  
17. The word has the same form as original Khmer word (Usually one or two 

syllable): ចគា រ្ស្ី រ្ប្ុស្ កាល្ ព្ិការ វាច្ឆ រ្គ្ ូាោ ស្ិត្ ស្ុប្និ្ ក្ីឡា ល្ីោ ស្ុញ នារី ... 
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However, there are some exceptional cases for some words which are not borrowed 

from Pali-Sankrit but still has the same form as in the rule 2, 4, 17 and others.   

Examples: 

1. Khmer original words: ខ្ទ័រ ញ័រ ជ័រ ទ័ល ស្ពា ន់ធរ័ សង្ឃ រ ស្ូរប្ុ ង្ៗ ... 
2. Foreign words: អេដស៍ សុ៊ីមង៉់ត៍ ដុកទ័រ កុងទ័រ កុុំព្យទូ័រ វិចទរ័ ត្រាក់ទ័រ... 
 

Borivasap is the term often used in daily Khmer word which one word is added to 

another word to combine as a new word but keep the same meaning.  There are a few 

ways to recognize the Borivasap word but in this thesis, we show only how to identify 

them by their sound patterns. In this case, the Borivasap has 2 syllables and 4 syllables. 

For the 2 syllables case, the sound of the first syllable is similar to the second’s because 

the same consonants are used. Not different from the previous case, the 4 syllables, the 

first and second syllable are alike to the third and fourth.  In the Borivasap, there are 

usually 2 to 8 consonants in the word as you can see in Figure 1.2 and the following 

examples: 

1. Borivarsap with 2 syllables: យ្ំែយ្ក្ ឡូឡា ង្ក្ ង្រ ល្កូ្ោន្  ល្អិត្ល្អន្  ចវ្ៀច្ចវ្រ ស្ម្ស្ួន្ 
ហ្ួង្ែហ្ង្ គ្ិត្គ្ូរ រ្គាំរ្គា ចោរចៅ ខ្ិត្ខ្ ំខ្វល្ ខ្វវ យ្ ែច្ច្ង្  ចឆ្លឆ្លល  ចឆ្លម្ឆ្លយ្ ោត្ិចៅ ោក្ ែត្ង្ ... 

2. Borivarsap with 4 syllables: ក្ំរ្ព្ីក្ំរ្ពា ប្ែន្លប្ន្លុក្ គ្ំចរាះគ្ំចរយី្ រចវី្រវាយ្ ឧដ្ុង្គឧត្តម្ ស្ង្កត្ ស្ង្កនិ្ 
ស្ម្លស្ម្លុក្ អ្ែណ្ដ ត្អ្ណ្ដូ ង្ វ្ចង្វង្វ្ង្វវ ន្  ង្ង្ឹត្ង្ង្ុល្ ដ្ំែណ្ដ្ណំ្ឹង្ ញញឹម្ញែញម្ ច្ចង្អៀត្ច្ង្អល្  ... 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



5 

 

 

       Figure 1.2 Examples of Khmer Borivasap words 

 
 

1.3 Research Problem 

Not like English and other Latin languages, in the Khmer standard of writing, 

boundaries of words inside a sentence or clause are usually omitted. There are no 

specific grammatical rules for word separation. These matters of unsegmented words 

have been causing huge problems for information retrieval, machine translation, text-

to-speech, and many other natural language processing (NLP) applications. The reason 

is that we cannot solve these NLP problems without having done the word separation. 

In other word, word segmentation is the first assignment we need to do, and it is a great 

significant to solve the ambitious problems.  

Several approaches which are related to segmenting words based on dictionary have 

been studied. The methods cannot solve the problem when it come to the out-of-

vocabulary word. There are only a few researches about solving unknown word 

problem and they are not effective enough. This matter is a quite challenge task in 

Khmer word segmentation.  
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1.4 Research Objectives 

Based on the problem mentioned above, in this thesis, we aim to propose a Khmer 

word segmentation technique which has the capacity to solve the problem of 

unsegmented sentences and to deal with the out-of-vocabulary words of the Khmer 

language.  The approach is consisting of 2 steps. The first step is to do the word 

segmentation based on the Khmer corpus by using Maximum Matching approach. If 

every word inside the sentence matches with the dictionary, we can obtain the result of 

segmenting word in this step.  The second step is related to solving the problem of word 

which does not exist in the dictionary by using rule-based techniques. To deal with the 

problem, we have used 21 rules which were created based on the principle of Khmer 

grammar book.  

1.5 Research Scope 

There are several approaches used for word segmentation and they are often studied 

in Asian languages, i.e. Japanese, Thai, Lao, Khmer, etc. A long with word 

segmentation task, a few assignments may also be done. This is related to identifying 

part-of-speech (POS) and name entity recognition (NER) for the segmented words. In 

this study, we focus on Maximum Matching algorithm for Khmer word segmentation 

based on the dictionary. We also pay attention to solving the problem of unknown 

words which do not exist in the dictionary by applying with Rule-based techniques. 

There are 21 rules for solving the problem and they were created based on the principle 

of Khmer grammar.  

1.6 Research Method 

To implement Khmer word segmentation, it is involving with three modules such 

as datasets, algorithm and programming. The datasets are consisting of a Khmer corpus 

and a collection of testing sentences. The corpus and the testing sentences were created 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



7 

 

based on the data from the Internet by implying with 3 steps detailed in Section 4.1. 

The datasets are stored in Notepad. 

The unsegmented sentence problem was solved by applying Maximum Matching 

algorithm along with Rule-based techniques.  The Maximum Matching made the 

boundaries of each word inside the sentences based on the Khmer corpus, and the Rule-

based solve the problem of unknown by using 21 rules.  

To apply the algorithm for doing word segmentation testing, programming task are 

to be done. In this study, we used python programming language along with the 

PyCharm integrated development environment (IDE). Before the coding, a Khmer 

Unicode software (KhmerUnicode2.0.1.exe) along with Khmer fonts were needed to 

install and insert to the computer. And then UTF-8 encoding was used to recognize the 

Khmer Unicode.  

1.7 Structure of the Thesis 

 

Chapter 1: Introduction 

This chapter provides an overview of Khmer language, the problem and the 

objective of the research (motivation), and the thesis structure. 

Chapter 2: Literature Review  

Some existing solutions such as Bigram, Bi-directional Maximum Matching, 

Constrained Conditional Random Fields, and Rule-based which are already used to 

make boundaries inside the Khmer phrases or sentences are mentioned in here. 

Chapter 3: Proposed Solution 

This chapter describes about Maximum Matching and Rule-based techniques which 

are the methodologies used to do the Khmer word segmentation based on dictionary 

and solve the unknown word problem. 
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Chapter 4: Experimental Results and Discussion 

This chapter mentions about the dataset which are used to create the Khmer corpus 

and sentence testing. It also shows about the result of the Khmer word segmentation in 

each article and in average. Furthermore, it discusses about the affective of corpus for 

the baseline method, the reason of choosing Rule-based technique for unknown word 

problem, the result of word segmentation and the limitation of the Rule-based, and the 

problem with the previous works. 

Chapter 5: Conclusions and Recommendations 

This chapter concludes and summarizes all of contents in this thesis. It also 

mentions about the recommendations which should be done in the future for Khmer 

Word Segmentation.   
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CHAPTER 2  

LITERATURE REVIEW 

 

A great deal of studies related to word segmentation has been researched and they 

are often done in most Asian languages such as Chinese, Thai, Burmese, Javanese, 

Vietnamese, Lao and Khmer.  

In this study, 4 existing solutions related to Khmer word segmentation have been 

investigated. They are the word segmentation based on Bi-gram model, Bi-directional 

Maximum Matching, Constrained Conditional Random Fields, and Linguistic and 

Rule-based.  

 

2.1 Bi-gram Model 

Word Segmentation of Khmer written text based on Bi-gram model was presented 

by Chea, S. H. et al. (2006) to segment the Khmer sentences based on corpus. This 

model carried out two extended methods which are Orthographic Syllable and Word 

bi-gram. In order to do word segmentation, first the characters in each sentence were 

merged into combination of characters called Khmer Character Cluster (KCC). Then, 

KCC matching module read KCCs one by one from left to right and matched them. 

And then, the KCCs were converted into KCE string. The KCE string was used to look 

up whether the words exist in the dictionary or not. After finishing the lookup task, 

multiple possible segmentation was obtained. Finally, bi-gram model was used to select 

an appropriate segmentation. This model used disambiguation model to choose the best 

segmentation among those candidates. The process of the segmentation is illustrated in 

Figure 2.1. 
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For doing the experiment, this research used a corpus with the size of 10.6 MB 

which contained 673295 words for training and the 13025 words for testing. The result 

of word segmentation is obtained as Table 2.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Flowchart of the system using Bi-gram model  

 

Source: Chea, S. H., et al. (2006). Word Bigram VS Orthographic Syllable Bigram in Khmer Word 

Segmentation. PAN localization, Cambodia. 

 

Table 2.2 Comparison of result between Word Bigram and KCC Bigram 

 Precision Recall F-measure 

Word Bigram 91.562 92.138 91.849 

KCC Bigram 72.327 72.438 72.382 

 

 

Source: Chea, S. H, et al.  (2006). Word Bigram VS Orthographic Syllable Bigram in 

Khmer Word Segmentation: PAN localization, Cambodia. 
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2.2 Bi-directional Maximum Matching 

Word segmentation proposed by Bi, N. et al. (2014), the word segmentation was 

done based the dictionary by using Bi-directional Maximum Matching and some 

linguistic rules such as Khmer Character Clusters (KCC) and Khmer Unicode Error 

Correction (KUEC).  

First, each character inside the input sentence were merged into Khmer Character 

Cluster (KCC). Then, the characters position inside the cluster which are not correct 

was modified. Mainly, only the characters in the first and second position after the main 

characters are needed to interchange each other. And then, Bi-directional Maximum 

Matching algorithm (BiMM) was applied to do the segmentation as shown in Figure 

2.2. BiMM is the combination of Forward and Backward Maximum Matching. This 

method made the boundaries inside the sentence based on the Khmer corpus by 

scanning and segmenting text from the beginning to the end and starting from the end 

to the beginning. By combining this two together, it could solve the problem of 

ambiguity in Khmer Word Segmentation.  

To do the experiment, 85,000 of unique words were used as the corpus list. 

Document for experiment were randomly selected from general administration letter, 

books, and Khmer news website.  With the proposed method and the dataset, they could 

achieve the accuracy of 98.13% and spent 2.581 seconds for 160 000 of Khmer words. 
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Figure 2.2 Process flow of Bi-directional Maximum Matching 

Source: Bi, N. et al. (2014). Khmer Word Segmentation based on Bi-Directional Maximum Matching 

for Plaintext and Microsoft Word Document: Royal University of Phnom Penh, Cambodia. 

 

2.3 Constrained Conditional Random Fields  

Huang, S. et al. (2016) prososed a technique called “Constrained Conditional 

Random Fields (CCRF)”. The study mainly focused on solving name entity recognition 

(NER) task. NER concerns with the identification of the individual entity in text, 

basically including names of people, locations and organizations.  To achieve the 

assignment, 3 implementation steps were done. First, the added OOV (out-of-

vocabulary) entity words in user dictionary were defined as constrained. Then, CCRF 

model was applied to segment and tag the part of speech of words. In this case, the 

constrains of proper noun were employed. And finally, NER-CCRF was used to 

recognize named entity. The recognized entity names were saved to the Khmer Entity 

Corpus.  The process of CCRF is shown in Figure 2.3. For doing experiment, a large 

quantity of corpus from PAN Localization Cambodia and web documents was obtained. 

With this method, Khmer word segmentation achieved precision of 90.78% and recall This material is reserved for educational use only, not allowed for commercial use. 
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of 91.341%, and name entity recognition with 86.07% on precision, 86.54% on recall, 

and 86.30% on F-measure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Flowchart of CCRF process 

 

Source: Huang, S., et al. (2016). Construction of Khmer Entity Annotation Corpus Based on Constrained 

Conditional Random Fields: University of Science and Technology, Kunming, China. 
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2.4 Collocation of Repeated Characters Subsequences 

Van, C. et al. (2013) presented a rule-based technique obtained by statistical 

analysis as well as specific linguistic rules of Khmer to tackle the issue of OOV word, 

compound words, proper name, derivative words and new words. Using these 

techniques, Khmer word segmentation could achieve 77.70% on precision, 75.55% on 

recall, and 76.50% on F-measure.  

First, a large collection texts along with a rule-learning algorithm called 

SEQUITUR algorithm were used. SEQUITUR is an algorithm used to create the rules 

of repeated character subsequences. There are two steps in this rule learning process: 

subsequence extraction and rule extraction as shown in Figure 2.4. In the subsequence 

step, Longest Word Matching was used to segment the texts by using a Khmer word 

list. The outcome was defined as an array of extracted term. And the second step was 

applied to discover the rules of the subsequences that appear more than once from the 

array of extracted terms. A rule set was obtained based on the training corpus. 

 

 

 

 

 

Figure 2.4 The Rule-learning Process 

The statistical measurements were used in order to measure the frequency of the 

collocation of the rules.  After completing the rule learning, the rule tagging step and 

the word extraction step were carried out. The rule tagging was done based on different 

kind of statistical measurement that are entropy, mutual information, mutual 

 

Source: Van, C. et al. (2013). Khmer Word Segmentation and Out-of-Vocabulary Words Detections 

using Collocation Measurement of Repeated Characters Subsequences: Waseda University, Japan. 
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dependency, log-frequency biased mutual dependency, and chi-square test. These 

statistical measurements were applied to weight the strength of each rule to be a word. 

The process of word segmentation using collocation of repeated characters 

subsequences is shown in Figure 2.5. 

 

 

Figure 2.5 The Process of Khmer Word Segmentation using Rule-based 

 

Source: Van, C. et al. (2013). Khmer Word Segmentation and Out-of-Vocabulary Words Detections 

using Collocation Measurement of Repeated Characters Subsequences: Waseda University, Japan. 

 

 

2.5 Conclusion of the Related Studies 

The word segmentation techniques mentioned in the 4 sections above are the 

approaches used for solving the problem of unsegmented words, recognizing name 

entity and solving the problem of unknown words in Khmer sentences. 

Chea, S. H. et al. (2006) and Bi, N. et al. (2014) proposed the Bi-gram and Bi-

Directional Maximum Matching which are the methods that can only deal with Khmer 

word segmentation based on the dictionary. On the other hand, when it comes up with 

the unknown word problem, it will obtain the negative result. 

The Khmer word segmentation technique proposed by Huang, S. et al. (2016) could 

handle with the task of Khmer word segmentation based on the corpus. It also could 
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deal with the problem of unknown words, but it focused mainly on the problem of name 

entity recognition (NER). 

Van, C. et al. (2013) presented a technique which could handle with both Khmer 

word segmentation based on dictionary and unknown word problem. To solve the task 

of unknown word, a rule learning and a rule tagging task were needed. Concerning with 

both of the rules, there are several smaller tasks need to be done. It took long times to 

obtain the result of solving the unknown words.  

In conclusion, only two of the methods mentioned above could solve the problem 

of out-of-vocabulary word. However, the work proposed by Chea, S. H. et al. (2006) 

should be able to deal with the general unknown words. In addition, the work proposed 

by Van, C. et al. (2013) should take a shorter steps and time performances for solving 

the issue.  

For this reason, we would like to propose a new technique which can handle with 

the unknown word problem of Khmer word segmentation in a better way. To process 

with this task, we first need to do a word segmentation task based on the dictionary. 

Based on the result by Huang, S. et al. (2016), we chose Maximum Matching algorithm. 

After solving the dictionary-based segmentation, we used the Rule-based techniques 

with 21 rules to solve this matter. The Rule-based techniques were chosen based on 

majorities of Khmer words taken from Pali-Sankrit and the popularity of using 

Borivasap words as mentioned in section 1.2. 
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CHAPTER 3  

PROPOSED SOLUTION 

 

This study proposes to improve Maximum Matching algorithm in Khmer Word 

Segmentation with Rule-based method. The process of segmentation is shown in 

Figure 3.1. First of all, whitespace and invisible space which can cause problem to 

word segmentation in each sentence were eliminated. There are no specific rules for 

using the whitespace and it is impossible to see the invisible space which is provided 

by Khmer Unicode. We did that to prevent from the error space due to most of our 

contents were collected from Internet.  Then word segmentation was done based on the 

Khmer corpus. This step made the boundaries of words in each sentence into single 

words based on the Longest Matching approach. And then, the unknown words which 

do not exist in the dictionary were then defined and solved by using 21 grammar rules 

created.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Khmer word segmentation flowchart 
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3.1 Maximum Matching Algorithm 

Maximum Matching algorithm is one of the most popular and powerful word 

segmentation technique that use a baseline method in word segmentation [Liu, T. Y. et 

al., 1994]. In order to do word separation, this method compares and finds the longest 

matched word from the dictionary. If all the words in a sentence matches with the 

dictionary, the result is obtained as result 1, nor is shown as result 2. If the words in 

each sentence do not exist in the dictionary, they are defined as the unknown word and 

will be solved by using our created rules. 

 

 

 

 

 

 

 

Figure 3.2 Maximum Matching algorithm for Word Segmentation 

 

Sentence 1: ចដ្ឋយ្ារែត្ក្ដអីាណ្ិត្និ្ង្រ្ស្ោញ គាត្ បាន្ផ្ដល្ ក្ែន្លង្ាន ក្ ចៅរ្ព្ម្ទាំង្ល្ុយ្កាក្ ស្រ្មាប្ 
នាង្ប្ន្តការស្ិក្ាចៅភ្នំចព្ញ 
Result 1: ចដ្ឋយ្ារែត្/ក្ដីអាណ្ិត្/ន្ិង្/រ្ស្ោញ /គាត្ /បាន្ផ្ដល្ /ក្ែន្លង្ាន ក្ ចៅ/រ្ព្ម្ទាំង្/ល្ុយ្
កាក្ /ស្រ្មាប្ /នាង្/ប្ន្ត/ការស្ិក្ា/ចៅ/ភ្នំចព្ញ 
(Because of pity and love he has supported her accommodation and money for her 

study in Phnom Penh) 

Sentence 2: នាយ្ក្រដ្ឋម្ន្តន្តីអ្ង្ ចគ្លស្ទិ្ចទ្ៀន្ប្ក្សរ្ប្ោោតិ្ថាច្ង្ ប្ំែប្ក្ស្កត្ ែល្ន្ចច្ញព្ីអ្ង្ ចគ្លស្ 

Algorithm: 

1. Start at the first character and try to find the longest matched word from the 

dictionary. 

2. When the word is found, set the next character as the new starting point. 

3. The algorithm ends when it reaches the end of the sequence 

4. Otherwise, go to (1). 
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Result 2: នាយ្ក្រដ្ឋម្ន្តន្តីអ្ង្ ចគ្លស្/[ទ្ិចទ្ៀន្]/ប្ក្សរ្ប្ោោតិ្/ថា/ច្ង្ ប្ំែប្ក្/ស្កត្ ែល្ន្/ចច្ញពី្/អ្ង្ ចគ្លស្ 

(The England Prime Minister criticized that the Nation Party want England and 

Scotland break up) 

In result 2, there is an unknown word defined in [] symbol ([ទ្ិចទ្ៀន្]). This unknown 

word will be solved in the next step.  

 

3.2 Rule-based Techniques  

Most common Khmer words are borrowed from Pali-Sankrit. We can recognize 

them based on their characteristics or grammar rules. A Khmer grammar book written 

by Chhorn, C. (2002) describes about how to identify the original Khmer words and the 

Khmer words which taken from Pali-Sankrit. Based on the grammar rules, by 

investigating the pattern of those Pali-Sankrit and Khmer words, to solve the unknown 

word (UW) problem, we have created 21 rules. We built the rules by counting and 

comparing the characters and the order of dependent vowel (DV), independent vowel 

(IV), consonant (C), and special character and symbol (S). Figure 3.3 shows the 

structure of word combination of Rule 6 and Rule 9. These rules are called character 

combination and divided into 3 groups. Group 1 (Rule 3-5) is the group of no DV, 

Group 2 (Rule 6-11) is the group of one DV, Group 3 (12-21) is the group of two or 

more DV. When an unknown word matches with the rules, the new word will be 

created, and the problem of out-of-vocabulary are solved. In the symbol case, we only 

focused on some special characters such as “់  ់ ៉  ់ ់៊ា ់  ់  ់  ់  ់ ”. 
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Figure 3.3 Description of the abbreviations  

 

Rule 1: No English or unknown characters 

Rule 2: No numbers 

Rule 3: If UW contains some C (2 to 8) with zero, one or two S (  ់), these characters 

will be combined as a new word.   

Example: ភ្ព្ ក្ក្ ផ្ល្ ជ្ន្ ម្រត្ក្ ក្ង្ ព្ល្ ក្ញ្ឆត្ ក្ម្ម ព្ល្ក្រ រ្ក្ហ្ម្ គ្ណ្ប្ក្ស ជ្ប្ ជ្ន្ក្ ស្ម្ភព្ 
ជ្ប្ ក្អក្ ផ្គរ ផ្អក្ ល្អ អ្ក្សរ រ្ក្ម្ រ្គ្ប្ ក្ក្រ រ្ក្គ្រ ប្ក្ ដ្ប្ ច្ប្ ន្រក្ ស្ក្ល្ ខ្យង្ ស្ម្ល វ្ត្ត ហ្ង្ស ស្កក្ 
រ្ប្ឈ្ម្ ម្ណ្ឌ ល្ ព្ល្រដ្ឋ ស្ម្ផស្ស ក្ម្មក្រ ប្ង្កក្ ប្ង្កង្ រ្ទ្ព្យធ្ន្ រ្ប្ភ្ព្ រ្ប្ក្ប្ រ្ក្ច្ក្ ប្ប្រ ក្អម្ រ្ក្ ថ្ម ... 
Rule 4: If UW contains one S and same rule as Rule 3, these characters will be 

combined as a new word.  

Example: ក្ក្  ក្ង្  ក្ង្វល្  ក្ញ្ឆក្  ក្ត្  រស្  ទ្ន្  អ្ន្  ឡប្  ទ្ល្  ដ្ប្  ស្ក្  ប្ក្  ល្ក្  ព្ណ្  ម្ត្ ក្ គ្ត្  ប្ព្ 
ត្ ខ្ទ រ ជ្ រ ក្ស យ្ ន្ យ្ ស្ម្ យ្ ជ្ យ្ ព្ ន្ធ ព្ ទ្ធ រហ្ ស្ ភ្ យ្ ម្ធ្យ ត្ រ្ប្ស្ យ្ វ្រ ម័ន្ វ្័យ្ ស្ង្ស យ្ រយ្  អ្ក្ខរ ខ្
ណ្  វ្ណ្ណ   ម្រណ្  ទ្ស្សន្  ព្ល្  វ្ច្ន្  រប្ស្  ខ្សត្  ឆ្ន្ទ  រ្ជ្ល្ក្  វ្ប្បធ្ម្  ក្ខ្វក្  ក្ញ្ចក្  ក្ញ្ចប្  ទ្ ព្ ... 

Abbreviations: 

1. UW: an unknown word/out-of-vocabulary word which is cannot be solved 

in the Maximum Matching step. 

2. C: stands for consonant, including its capital scripts and subscripts. 

3. S: refers to diacritics/special characters. 

4. DV: represents dependent vowel, the vowel cannot stand without a 

consonant. 

5. IV: denotes independent vowel, the vowel that can act as the consonant. 
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Rule 5: If UW contains a/two IV (s) and same rule as Rule 3 or 4, these characters will 

be combined as a new word.  

Example: ឧត្តម្ ឥស្សរជ្ន្ ឥត្ ឯក្ ឯក្ជ្ន្ ឧក្កដ្ឋ ឯក្វ្ច្ន្  ឧត្តរ ឧទ្រ ឲ្យ ឧស្ម ន្ ឧប្ ឧប្ក្រណ្  ឧក្ 
ឧក្កដ្ឋ ឧច្ច ឧទ្ធរណ្  ឥដ្ឋ ប្ឋ្ម្ ឳស្ថ្ ឧប្ត្ថម្ភ ឫក្ ឫស្ ហ្ឫទ្ យ្ អ្ម្ឫត្ ឳន្ ឧប្រ្ក្ម្ ឧប្ស្គ្គ ឧប្ស្ស យ្ 
រឭក្ ឧប្ស្ម្ព ន្ ឧម្មង្គ ឯក្ឧត្តម្ ព្ល្ឯក្ ឯត្ទ្គ្គក្ម្ម ឦស្ធ្រ ឯក្វ្ច្ន្  ឫក្សណ្  ឫស្ភ្ ឦស្ ឧណ្ហ  … 

Rule 6: If UW contains a DV with zero, one or two S (s), starts with a C and ends with 

a C, these characters will be combined as a new word.  

Example: ស្មាជ្ សុ្ខ្ នាគ្ ចរាគ្ រ្ប្មុ្ខ្ រ្ប្ចោគ្ ស្ចមាភ ជ្ រ្បាក្ដ្ ចៅរ្ក្ម្ រ្ប្ចភ្ទ្ អាល្ យ្ វ្ិស្ យ្ អ្
នាម្ យ្ ន្ិស្ស យ្ ប្៊ា៊ិច្ ប្៉ូវ្ នាគ្ ស្ុរ្ក្ ព្ុធ្ មាន្ ក្ែន្លង្ ស្ប្ាយ្ ោល ំង្ បាំង្ ែក្ប្ ក្ូន្ ន្ុយ្ ក្នុង្ ឆ្នុក្ អ្ភិ្
ជ្ន្ ម្នុ្ស្ស ក្ន្ទុយ្ ក្ណ្ដុ រ ក្រ្ន្តង្ គុ្ក្ គាប្ ខ្ួប្ ខ្ូច្ ចឃ្ើញ ោល ត្ ង្ងឹ្ត្ ងូ្ត្ ច្នាទ ល្  ច្មាក រ ប្ែង្អក្ … 

Rule 7: If UW contains one/two DV(s) with one, two or three S (s), starts with a C and 

ends with a S, these characters will be combined as a new word.  

Example: រ្ប្ចោជ្ន្  និ្រន្តរ ៍ចរាច្ន្  រ្ពាហ្មណ្  រ្ប្ាស្ន្  រ្ពាហ្មណ្  អ្ភិ្វ្ឌ្ឍន្  រ្ាព្ណ្  ព្ាក្រណ្  ចស្នហ្  
ចៅរ៍ អាច្ន្  ម្គ្គុចទ្ស្ក្  អ្ក្សរស្ិល្ប  ចអ្ដ្ន្  ភារ  ស្ុខ្  ចមាហ្  ចោភ្  ចត្ជ្  វ្ិរិយ្  ជ្ីវ្  ស្ីហ្  ភាវ្  ចភ្
ស្ជ្ជ  ចោស្  ធ្ុរ  គាវ្រ  ថាវ្រ  ក្ុម្ភ  ស្កាក រ  ចខ្ម្រ  ស្ួគ្  អាថ្  អ្រិយ្ធ្ម្  ប្រិប្ូណ្  គ្ុណ្ធ្ម្  … 

Rule 8: If UW contains a DV with zero, one or two S (s), starts with a C and ends with 

a DV, these characters will be combined as a new word.  

Example: ចស្ះ ច ះ ចគា ចកាះ ទា ល្ ីទ្ី ចរ្ៅ ញ ីរញ ីាវ  ធ្ំ ម្ុ ំចទ្ ចភ្ រ្ក្ពា រ្ក្ចព្ើ រ្ត្ចស្ះ ចត្ឿ ដី្ 
ផ្ទី ព្ពន្ល រ្ប្ះ ប្៉ះ ខ្្ុ ំស្ុ ីញំុ ចរ្ោះ ចកាះ ទា ោភ្ ដី្ រ្សី្ ាំុ ច្រ្កី្ ក្វ្ ីរស្ោតិ្ ផ្សំ រន្ទះ ក្រ្ងី្ រ្គ្ ូជ្ល្ធី្ 
ល្ោ ស្ភា ខ្ន្តិ វ្ល្លិ ចៅល  ខ្លី ឃ្លី ចគាះ ចបាះ ចច្ឆះ កា ស្ី ម្ន្ទីរ រ្គ្ឹះ ច្ង្កឹះ ចម្ ស្ព ឺច្ន្ទី រ្ក្បី្ … 
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Rule 9: If UW contains a DV with zero, one or two S (s), starts with a IV and ends with 

a C, these characters will be combined as a new word.  

Example: ឥសូ្រ ឥាន្ ឧទ្ទសិ្ ឧរ្ក្ិដ្ឋ ឧត្ាត្ ឧទាទ ម្ ឧចទ្ទស្ ឧបាស្ក្ ឫស្ដ្ូង្ ឥណ្ទាន្ ឱន្ភាព្ ឪពុ្ក្ 
ឧទាន្ ឯក្ ឯក្ការ ឯក្ារ ឯក្ភាព្ ឯក្ចទ្ស្ ឯក្ចស្ស្ន្ យ្ ឯក្អ្គ្គរដ្ឋទូ្ត្ ឧបាយ្ក្ល្ ឧចទ្ទស្ ឧក្ហ្លួង្
ឧដ្ុង្គ ឧប្ក្ិច្ច ឧប្ទ្វីប្ ឧប្និ្ស្ស យ្ ឧស្ាហ្ក្ម្ម ឱកាស្ ឪម៉ាល្  ឫក្សពារ ឫចក្សស្ ឥឡូវ្ ឪឡឹក្ … 

Rule 10: If UW contains a DV with zero, one or two S (s), starts with a IV and ends 

with a DV, these characters will be combined as a new word.  

Example: ឧប្មា ឧស្ា ឯកា ឯចកា ឯត្ទ្គាគ  ឯថា ឧតុ្ ឧជុ្ ឧណាណ  ឧភ្ចោ ឯណា ឧក្ញ៉ ឯក្ចោ ឥច្ឆឆ  
ឥសី្ ឫសី្ ឥន្ទន្ ូឫក្ពា ឫស្សី ឱរា ឩកា ឪពម៉្ ឯក្ោ ឯក្ចោ ឫទ្ធិ ឫស្ដ្ី ឫស្ា ឪជំ្ ឥច្ឆឆ  ឥណាឌ  ឥរ្នាា  
ឥណ្ឌូ  ឥត្ថ ីឥន្ទោំ ឥរា ឫតិ្ោ ឫទាធ  ឫទ្ធ ិឫស្ដ្ ីឮោ ឯចត្ើ ឯថា ឱង្វក  ឱពរ៉ៃ ឥស្ា ឧត្តចមា ឧត្តរិ … 
Rule 11: If UW contains a DV with one or two or three S (s), starts with a IV and ends 

with a S, these characters will be combined as a new word.  

Example: ឧទាហ្រណ្  ឧទ្ធរណ្  ឧស្ាហ្  ឧស្ាហ្  ឧប្ក្រណ្  ឋាន្  ឱត្តប្ប  ឥន្ធន្  ឧត្តម្  ឧទ្រិយ្  ឧប្
នាហ្  ឧប្និ្ម្ន្ដន្  ឧប្ចវ្ស្ន្  ឧបាទ្វ្៍ ឧដ្ឋឋ ន្  ឧរ្ោស្  ឧត្ាស្  ឧប្ជ្ាយ្  ឧប្ចវ្ស្ន្  ឧបាទ្វ្៍ ឧល្លង្ឃន្  
ឯក្វ្ច្ន្  ឧប្កាក រ  ឱស្ធ្  ឱស្ថ្  ឱត្តប្ប  ឱកាក្  ឯក្ទ្គ្គ  ឧចោល ក្ន្  ឧភ្យ្  ឧចបាស្ថ្  …  
Rule 12: If UW contains two DVs, two Cs with zero, one or two S (s), and C1 = C2, 

these characters will be combined as a new word.  

Example: រះុចរី ឡូឡា ម្ួច ៉ នានា ឆ្លចៅ ចញ៉ះចញ៉ះ រុាពំរ៉ៃ ចឡះចឡាះ ទ្ូចៅ ចអ្ះអ្ុះ ឆ្លំឆ្ល ចដ្ឋះពដ្ ចង្ចង្ើ 
ខ្ះខ្ ំដ្ុំដី្ ដ្ុំពដ្ ដ្ឋំែដ្ង្ ចត្ះចោះ ែត្ចោ ទ្ីពទ្ ចណ្ះចណាះ ទ្ូចៅ ប្ំចៅ ប្ំប្ះ ប្ំប៉្ះ ចោោ ស្ំែស្    
ចហ្  ែហ្ពហ្ ក្ិកិ្ ទ្ឺែទ្ កាកី្ ចជ្ើចជ្ើ ោយ្ ីចយ្ះ៉យ្៉ុ ចររា ចរៀពរ៉ៃ ស្ិស្ុ ចាះា ស្ំែស្ ចហ្  ... 
Rule 13: If UW contains two DVs, three Cs with zero, one or two S (s), and C1 = C2 

or C1= C3, these characters will be combined as a new word.  
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Example: ដ្ុះដ្ឋល្ អ្៊ាូអ្រ ទ្ទូាត្  រារាងំ្ រាែរក្ ជ្ុំជិ្ត្ ែច្ចូ្វ្ មាំមួ្ន្ ធ្ំចធ្ង្ យ្ំែយ្ក្ ទ្ីទុ្យ្ ទ្ីចទ្ើរ ចប្ះប្ួយ្ 
ចប្ះប្ិទ្ ចបាក្ចបាះ ប្ំបិ្ទ្ បំ្ប្ួស្ ប្ំែប្ក្ រីង្ពរ រួញរា ែល្ង្ល្ះ ឆ្ិន្ពឆ្ ចាក្ចៅ ចហ្ៀវ្ច ះ ចកាះក្ុង្ វ្ិវាទ្ 
ខ្វន្ ចៅ ខ្វប្ខ្វ ខ្ិត្ខ្ ំដ្ុំែដ្ក្ ដ្ឹក្ចដ្ឿ ថាថាង្ ទាម្ទា ទ្ូទាត្  ទ្ីចទ្ើរ ធ្ំធាត្  ប្ំបាក្  ប្ំបាត្  ាក្សី ... 
Rule 14: If UW contains two or four DVs, four Cs with zero, one or two S (s), and C1= 

C3, these characters will be combined as a new word.  

Example: ច្ឆក្ចច្ញ ត្ិច្ត្ួច្ គ្ិត្គ្ូរ ចស្ុើប្សួ្រ ែណ្ន្ណាន្  ដ្ុន្ដ្ឋប្ ោក្ ែត្ង្ ពថ្លថាល  យឺ្ត្ោ៉វ្ ល្ូក្ោន្  
ចវ្ៀច្ចវ្រ ហ្ួង្ែហ្ង្ ចក្ៀក្ចក្ើយ្ មាយ្ីមាោ ែហ្ក្ហួ្រ ចទ្ៀង្ទាត្  នាង្ន្ួន្ ចព្ម្ចព្ើម្ រីក្រាយ្ រឹង្រួស្ រុង្ចរឿង្ 
រួស្រាន្  ចរឿង្រា៉ៃ វ្ ចរៀប្រាប្  ល្ុក្ល្ុយ្ ចហ្ល្ ល្ ឡុក្ឡាក្  អ្ួត្អាង្ ែឆ្ក្ចឆ្រ ជ្ួស្ជ្ុល្ ដ្ុន្ដ្ឋប្ ... 
Rule 15: If UW contains two or four DVs, five Cs with zero, one or two S (s), and C1= 

C3 or C1 & C2 = C3 & C4 or C1 & C2 = C4 & C5, these characters will be combined 

as a new word.  

Example: ស្ដុក្ស្ដំ គ្ំចរាះគ្ំចរយី្ ត្ំណ្ិះដ្ំចណ្ៀល្ ដ្ំែណ្ដំ្ណ្ឹង្ ចរ្ត្ៀប្រ្ោ ធ្លុះធាល យ្ ចឈ្លច្ឈ្លី ចរ្ក្ៀម្រ្ក្ ំ
ខ្ជះខ្វជ យ្ ស្វះែស្វង្ ចឆ្មើង្ពឆ្ម ញញីញញ រ ធ្លុះធាល យ្ ឈ្នះឈ្នន ន្ ែន្ប្ន្ិត្យ ាប្ស្ូន្យ ស្កឹម្ពស្ក ចផ្លក្ច ល្ ះ 
ចមាន ចម្នញ ឆ្លគ ំឆ្គង្ ោល ត្ោល  រ្ត្ួត្រ្ោ ចខ្ទច្ខ្ទ ីផ្គូផ្គូង្ ចមាន ចម្នញ ែរ្ប្រ្ប្ួល្ ឆ្អិន្ចៅអ  ច្ឆប្ ច្ិត្ត ថ្កុំចថ្កើង្ ខ្នះែខ្នង្ ... 
Rule 16: If UW contains two or four DVs, six Cs with zero, one two or three S (s), and 

C1 & C2 = C4 & C5, these characters will be combined as a new word.  

Example: ខ្សឹប្ចខ្សៀវ្ អាពាហ្ ព្ិពាហ្  ទ្ំចន្ៀម្ទំ្ោប្  ទ្ទី្ង្ទ្ែទ្ង្ ចរ្ោម្ែរ្ជ្ង្ ញញឹម្ញែញម្ ច្ំតិ្ត្ចំ្ត្ូង្ 
ក្ំបិុ្ក្កំ្ប្៉ុក្ ទ្ទ្ឹង្ទ្ែទ្ង្ ចផ្ដស្ ដ្ ស្ រប៉ាត្រប៉ាយ្ ច្ ញ ច្ ល្ រចខ្ក្រខ្វក្ ចភ្លើត្ចភ្លើន្ ល្ល្ីម្ល្ោម្ ក្កិ្ច្ក្ក្ុច្ 
ែក្លង្កាល យ្ ខ្វជ ប្ ខ្ជួន្ ខ្្ិក្ខុ្្ក្ ចឃ្លង្ចោល ង្ រ្ចិ្ម្រ្ចុ្ម្ ចឆ្លៀវ្ឆ្លល ត្ រ្ោណ្ចរ្ត្ើយ្ ថាន ំង្ថាន ក្  ខ្វវ ត្ ែខ្វង្ ចថ្កើង្ថាក ន្ ... 
Rule 17: If UW contains two three or four DVs, seven Cs with zero, one, two or three 

S (s), and C1 & C2 = C4 & C5 or C1 & C2 = C5 & C6, these characters will be 

combined as a new word.  
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Example: ប្ង្ខិត្ប្ង្ខំ អ្ន្ទះអ្ែន្ទង្ រ្ស្ចមាល្រ្ស្ពម្ ប្ចញ្ចើច្ប្ចញ្ចើ ប្នាទ ប្ ប្ន្សំ រ្ស្ចង្ះរ្ស្ចង្វច្ ប្ែន្លប្ន្លុក្ 
គ្ចរ្គ្ង្គ្រ្គា ំរ្ប្ឡិម្រ្ប្ឡុ ំអ្ណាដ ប្ អ្ណាដ  អ្ង្វគ ប្ អ្ចង្គើ ក្ញ្ជះក្ញ្ជជ យ្ បាយ្ឡុក្បាយ្ឡ ស្ិស្ាន្ុសិ្ស្ស ក្ចម្ទច្
ក្ម្ទី ព្ភាល ក្ ព្ចភ្លើ ក្ចរ្ម្ៀម្ក្ចរ្មាះ ត្ម្កុំត្ចម្កើង្ ស្ន្ធឹក្ស្ពន្ធ ស្រ្មុ្ះស្រ្មួ្ល្ អ្ែង្កល្អ្ពង្ក ចក្សម្ក្ាន្ត... 
Rule 18: If UW contains two or four DVs, eight Cs up with zero, one, two or three S 

(s), and C1 & C2 & C3 = C5 & C6 & C7, these characters will be combined as a new 

word.  

Example: ប្ន្តិច្ប្ន្តួច្ ប្ចណ្ដ ើត្ប្ចណាដ យ្ រ្ប្ចក្ៀក្រ្ប្កិ្ត្ រ្ប្ញប្ រ្ប្ញល្  បំ្ផ្លិច្បំ្ ល្ ញ ច្រ្មុ្ង្ច្ចរ្ម្ើន្ 
ច្រ្មូ្ង្ច្រ្មាស្ រ្ច្ចង្ង្រ្ច្ង្វង្ រ្ច្ង្វប្ រ្ច្ងិ្ល្ រ្ក្ញកិ្រ្ក្ញុក្ រ្ត្ដ្ឋប្រ្ត្ដ្ួស្ ក្ចណាដ ច្ក្ែណ្ដ ង្ ក្ចរ្ន្តក្ក្រ្នាត ក្ 
គ្រ្គឹ្ក្គ្ចរ្គ្ង្ រ្ក្ចវ្ម្រ្ក្វាម្ រ្ស្ចព្ច្រ្ស្ព្ឹល្ រ្ស្វាក្ រ្ស្វាន្  រ្គ្ហ្ិក្រ្គ្ហ្ុក្ រ្ក្ចឡច្រ្ក្ឡុច្ អ្ង្គុក្អ្ង្គុល្ ... 
Rule 19: If UW contains two DVs (់ ), zero or one S with two, three or four Cs, these 

characters will be combined as a new word.  

 

Example: មាគា  មាោ ាវ្ោ អា រ ភាា ាស្នា អាោម  វាច្ឆ ោរ្ោ ពាោ ាវ្ោ ការពារ ទាោទ្ 
ទា ន្ ាវា ការង្វរ នាដ្កា ោនា ឆ្លោ ោោ ាោ កាឡា ខ្វន្ ាល  ាខ្វ គាថា រាប្ា នាវា ច្ឆ
ម្ា៉ វាច្ឆ ោរា ទាម្ទា នាា អាា ពានា ភាវ្នា មាោ មាោ ោរ្ោ ារ្ោ រាមា ធានា … 

Rule 20: If UW contains two or three DVs (់  ់ ិ់ ី់ុ), zero or one S with two, three or 

four Cs and ends with a DV, these characters will be combined as a new word.  

 

Example: នាទី្ ស្មាធិ្ ក្ុមា ត្ុោ មុ្ត្ិោ ស្ុរា គ្ុ  ម្ិថុ្នា បាលី្ ម្ិនា គ្ុ  ស្ ី ស្ុនី្ោ ម្ុា ភា
គី្ នារី មាល្តី្ នាឡិកា ាោក្ដ ីកុ្មារី សុ្ោោ ប្រិញ្ជញ  ថ្វ្ិកា កិ្រិោ សី្ោ និ្រតី្ អ្ធិ្ប្តី្ ពិ្ធី្ កី្ឡា ប្ុរ្ោ 
វ្ីា ដុ្ោល  ប្ិតុ្ោ ក្ិរិោ ស្ធុានី្ ក្ល្ាណ្ី កុ្ល្ធី្ោ រាសី្ អ្ធិ្ប្តី្ ច្ំបីុ្ វ្ិថី្ ទាស្ី ច្រិោ ច្ិនាដ  … 
Rule 21: If UW contains two DVs (ច់ ់  ់)ី, zero or one S with two, three or four Cs, 

starts with (ច់ or ច់ ) and ends with a DV (់  or ់)ី, these characters will be combined 

as a new word 

 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



25 

 

Example: ចម្បា ចម្ា ចស្នា ចច្ន្ឡា ចទ្ស្នា ចវ្ោ ចម្ោ ចទ្វ្ោ ចច្ត្នា ចោស្នា ចវា  ច រា 
ចម្ោត  ចជ្ាដ  ចវ្  ចោធា ចក្ា ចច្ាដ  ចទ្ស្នា ចប្ឡា ចស្ដ្ឋឋ  ចជ្ដ្ឋឋ  ចល្ខ្វ ចប្ដោ្ រ្បាោ្ ចស្វ្នា ចហ្រិកា 
អ្ចច្ត្នា ចខ្ម្រា ចន្រ្ោ ចស្ន  ចស្រី ចស្ដ្ឋី ចប្តី្ ចម្រ្ត្ ីចស្ច្ក្ដី ម្ចហ្សី្ ចវ្ទ្នា ចទ្ា ចស្វា …  

 

Figure 3.4 Character combination in Rule 6 and 9.  
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CHAPTER 4  

EXPERIMENT RESULTS AND DISSCUSSION 

 

4.1 Experiment Setup 

Various online contents and books from agriculture, magazine, newspaper, health, 

technology and history as shown in Table 4.1 were used to create a manually Khmer 

corpus and a collection of testing sentences. With randomly 395 articles selected, we 

could build an annotated corpus with 19,500 unique words and 2018 testing sentences. 

The corpus and the collection of sentences were then used to do the experiment with 

the algorithms proposed. 

Table 4.1 Types and Number of Articles 

No Article Type  #Articles 

1 Agriculture 38 

2 Magazine 20 

3 Newspaper 220 

4 Technology 40 

5 Health 25 

6 History 52 

 Total 395 

 

The raw contents which have been collected from the Internet cannot directly be 

used for the experiment. To get a ready dataset for testing, an annotated dictionary and 

a testing sentences are needed. This is involving with 3 processing steps such as Data 

Collection, Data Cleaning and Data Annotation. The corpus and testing are stored in 

Notepad files.   

1. Data Collection: Since there is no standard Khmer corpus and because of the 

lack of Khmer optical character recognition to detect the texts from the 

electronic books, to build the dictionary, we have collected a variety of online 
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articles from different websites. Most of the contents that we have chosen are 

taken from popular and government websites which can be considered as 

reliable sources. We also have used few contents from some books and 

magazines.  

2. Data Cleaning: The data collected from the Internet were because they have 

some error spelling and unwanted contents. To have a good dataset, we 

eliminated the unstructured data such as images, links, symbols and unnecessary 

texts from the contents. We also deleted spaces in the sentences including 

normal and invisible spaces. Moreover, we checked and corrected the spelling 

of each words based on Chuon Nat dictionary which recognized by the Ministry 

of Education.  

3. Data Annotation: To reduce the redundancy of the contents, words inside the 

dictionary and the sentences inside the testing corpus must be unique. We did 

the annotation by deleting every word and sentence which existed more than 

once.  This is the final datasets which are ready to apply with the algorithm to 

evaluate the result. 

 

4.2 Results 

To obtain the result of Khmer word segmentation, we applied Maximum Matching 

(MM) and Maximum Matching with Rule-based Technique (MM with Rule-based) 

with the created corpus and the testing sentences shown in Table 4.2. We calculated 

the accuracy of each articles by counting words which are correct segment comparing 

to their total words, see section 4.1. We got the average accuracy of 88.10 % in MM 

and increase to 92.02 in MM with Rule-based as shown in Table 4.3. 
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑖𝑛𝑠𝑡𝑎𝑛𝑐𝑒𝑠

Number of total words
   (4.1) 

• Number of correct instances: total number of words in each article which are 

correct segment 

• Number of total words: total number of words in each article  

 

Table 4.2 Number of sentences, total words and unknown words of testing corpus  

Article # Sentences # Total words 
# Unknown 

Words 

% Unknown 

Words 

Agriculture 168 5125 242 4.72 

Magazine 117 3653 215 5.88 

Newspaper 1113 32438 1682 5.18 

Technology 166 4789 214 4.46 

Health 127 4124 197 4.77 

History 327 13881 963 6.93 

Total 2018 64010 3513 5.48 

 

 

Table 4.3 Accuracy in each article using MM and MM with Rule-based 

Article 
MM MM with Rule-baed 

# correct 

instances 
Accuracy (%) 

# correct 

instances 
Accuracy (%) 

Agriculture 4601 89.77 4763 92.93 

Magazine 3176 86.94 3329 91.13 

Newspaper 28785 88.73 29865 92.06 

Technology 4316 90.12 4458 93.08 

Health 3754 91.02 3863 93.67 

History 11763 84.74 12625 90.95 

Total 56395 88.10 58903 92.02 
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After getting the result, we compared the MM with Rule-based with the MM to 

see the accuracy increasement for each article types and it is shown in Table 4.4. 

 

Table 4.4 Increasing accuracy and correct instances of MM and MM with Rule-based 

Article Type  
# Increasing 

correct instances 

% Accuracy 

increase 

Agriculture 162 3.16 

Magazine 153 3.77 

Newspaper 1080 3.33 

Technology 142 2.96 

Health 109 2.65 

History 862 6.21 

Total 2498 3.92 

 

 

4.3 Discussion 

In this thesis, regarding to Khmer word segmentation, we would discuss about 4 

issues: the affective of corpus for the baseline method, the reason of choosing Rule-

based technique for unknown word problem, the result of word segmentation and the 

limitation of the Rule-based, and the problem with the previous works. 

As mentioned in the previous chapter, baseline method is the approach for 

segmenting word based on corpus. Maximum Matching algorithm which have been 

applied is a kind of the baseline method. We cannot do the segmentation without having 

a dictionary. The size and the contents used to create the corpus are also important. It 

can affect to the accuracy of word segmentation. The bigger is size of the dictionary, 

the better is accuracy of word segmentation.  In this thesis, we have used a corpus of 
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19500 words which can be efficient to deal with the popular articles such as agriculture, 

magazine, newspaper, health, technology and history. 

There are many techniques for solving out-of-dictionary word problem when it 

comes to word segmentation. We have chosen Rule-based as the technique for solving 

unknown words which do not exist in the corpus. The reason is that many Khmer words 

are taken from Pali-Sankrit, the popularity of using Borivasap in Khmer sentences and 

some original Khmer and foreign words have the Pali-Sankrit form. In both Pali-Sankrit 

and Borisvasap forms, by seeing their pattern, as mentioned in section 1.3, we could 

convert and build the word structure rules based on their characteristics.  

Based on the result in section 4.2, we can see that Rule-based cannot deal with every 

unknown word. There are still incorrect cases in word segmentation. Although we have 

built 21 rules to solve the problem, but some words in the testing sentence are out of 

rules due to some words are taken from foreign language and technical term.  In Table 

4.4, the accuracy of article in history increases so high comparing to others. In the 

history, we input the highest number of unknown words in term of percentage which 

make the baseline word segmentation got low accuracy and the accuracy got high when 

the Rule-based can solve many of them. 

As presented in Chapter 2, there are 4 existing Khmer word segmentation 

techniques have been investigated. They are Bi-gram model, Bi-directional Maximum 

Matching, Constrained Conditional Random Fields, and Linguistic and Rule-based. 

Bigram is the model for segmenting word with a requirement of a corpus. It is high 

ambiguity and high computation in Bi-gram since the words is formed by the 

combination of one more KCCs [Chea, S. H. et al., 2006]. For the Bi-Directional 

Maximal Matching, it is a bit better in accuracy but big performance if comparing to 
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the traditional Maximum Matching [Bi, N., 2014]. It performs the searching task in 

both direction; start from the left to right and then from the right to the left. Constrained 

Conditional Random Fields presented by Huang, S. et al. (2016) focused on part of 

speech tagging (POS) and solving problem of unknown words in word segmentation 

but only name entity type.  In Linguistic and Rule-based [Van, C. et al, 2013], 

SEQUITUR algorithm was used to solve out-of-vocabulary of word. It is an algorithm 

used to create the rules of repeated character subsequences. According to Chapter 2, 

this algorithm uses many steps just to solve the unknown word problem.   
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CHAPTER 5  

CONCLUSION AND RECOMMENDATION 

 

In this thesis, we presented a Khmer word segmentation technique which have the 

capacity to segment words of the Khmer unsegmented sentences based on the corpus. 

This also described about how to solve the problem of unknown words which do not 

exist in the dictionary. We used Maximum Matching algorithm and Rule-based 

technique along with a Khmer corpus and a set of testing sentences. First, the 

segmentation based on the dictionary by using Maximum Matching algorithm was 

done. In this case, if all the words in a sentence matches with the dictionary, the result 

is obtained. If the words in each sentence do not exist in the dictionary, they are defined 

as the unknown word and will be solved by Rule-based Technique.  The Rule-based is 

a technique for combine characters to become a word by using rules. We have created 

21 rules and they were created based on the principle of Khmer grammar books 

[Chhorn, C., 2002]. With the proposed solution, we got an average accuracy of 88.10% 

in word segmentation based on the corpus and it increased to 92.02 % when the rules 

were applied. 

We believe that our Rule-based method can solve many Khmer unknown words due 

to the effective of Pali-Sankrit on Khmer Language and the popularity of using 

Borivasap. The technique is also expected to use for Pali-Sankrit word segmentation.    

Due to the limitation of the Rule-based, more rules should be created. There may 

be some other Khmer grammar structures rather than the Pali-Sankrit and Borivasap 

which we can also learn from their patterns and extract more rules. 
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