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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

Consomants/its | AW S TEAAYD HYEu A §
siep e 9F m8 HAUL A TR MO R
Dependent Vowels | . 7 © 194 3 o Tlofiar 1t
) e, JISTEN T
Independent Vowel AdasafyyynagBed
Numeric 09BMeEed anas
Diacritics/special Nieo an-c-o MEC IR S .
S 5200503008777 () sl 3
characters AT ., 08w My

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



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

v ¢
aﬁuhla‘ﬁﬁ 1. 8511818 /udongudom/ high, good, respectful
A F '
DV\C?S 2. ﬂLﬁ[@Z /smaksmors/ failthful, loval, devoted
J A 3. IA Ty /phesachiak/ energy drink, sweet beverage

IV: Independent Vowel

DV: Dependent Vowel
C: Consonant
CS: Consonant Subscript

S: Svmbol or special character

4
Y/ |
Dv C CS S

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



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.

2.

10.
1.
12.
13.
14.
15.
16.
17.

No symbols suchas “0 9” at the end of word: ig @ufi wififi 1E1{Hy N@ A0 ...

L

Symbols such as “& 5 o:” at the end of word: {psun& {pnRAA AT mgtﬁ

The word has independent vowel: Afit #@ AAMI AFRNT FHMN g'hjj ams ...

(21 a o

The word has “&” symbol: sty Taiws smbn fafju anie 8w fur sties ...

The first consonant of word has the sounds “snf f#”: fsing 77 HAAH wOmI ...

a

The character “an’> but sound “g8”: win Lﬁinnﬁ nann uHad wead e wad ...

B

The character “u” but sound “#”: vfan vian MARY NAGH WERIG MAGH ...

The character “&” but sound “#”: §u8 mn Gm sHh oM 6HH WNUE WM ...

The character “s0” but sound “§0”; 124 U tfgtﬁ AN AW tmg [sRgiE] IhE ...

The character “3” but sound “2”: §m fians 8§ ...

The character ““5” but sound “s0”: sirmn fiimn w3 [nerdi ...

The character “3” but sound “34”: pina AI{RIA WWNA WIHA ABANN: B3ani: ...
B

The word has “s # u 8 e u & at the end: ge fje @ ww (U fme fenm ...

The word has “ti & 8 AN 0 6 w8 0™ EEIERE| Lgaszﬁ [mAn wuanne mn ..

)

The word has double consonant: ig& {5 Gan in g WYe N 05 1y ﬁ"mLﬁ ] ..
(2] n an 1 n (o] " 1

A consonant and a vowel together act as a consonant: #8 th# (& 163 1l ...
1

The word has the same form as original Khmer word (Usually one or two

syllable): tm 153 [uas mas fime hm {9 anan win wiie Aep dan wm oF ..
1 Y



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:

ana o

2. Foreign words: wted sidaf ynds nuds Angds fuds (...

1

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: it gjgp whur ynang Maare duw wune
Wy 2 & H R
waitng Aans A wnnud 868 gaigim I5ud wm wumm manl mAtes L
2. Borivarsap with 4 syllables: fiffifim vigugn AmzAfw simw agaany aawde
o G‘ in /A n n

°

RIERIEN HIANGHANSG fNine adannn Siandnis mmumimy m«tﬁ]ﬁﬁ«tﬁdj
[} 61 n i;l‘ J o ] VYV VU v 4 §§



U8 + QN = 0BiN

/Sorm/ / Suan/ / Sormsuan/

Ioblcul, suitable, decent appropiate, fit, suitable logim] suitable, decent, appropiate, fit

198 + NS - RAINS

/Vongveng/ /Vongvorn/ /Vongvengvongvorn/

confused, lost confused, lost confused, lost

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.



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



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.



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.



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.



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.

Input sentence

|

KCC Segmentation

KCC Rules

(Generate the KCCs)
v
KCCs Matching < KCE List
{Generate word token) |¢ KCE Rules
Disambiguation < Corpus
Output

(segmented sentence)

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, etal. (2006). Word Bigram VS Orthographic Syllable Bigram in

Khmer Word Segmentation: PAN localization, Cambodia.

10



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. BiIMM 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.

11



o m ol
i =il TFUR
Wi A | DA
wbrg || (V008 = N ot st
; i
! ] 8 - NI
winla -
4 BiMM
Khmer Segmented
Clusters . Words List
fi o
== B
U R R A BRI
z7 | I
W0 - iU BMM Segmented
t Words List

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.

23 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

12



0f 91.341%, and name entity recognition with 86.07% on precision, 86.54% on recall,

and 86.30% on F-measure.

Khmer
Unabeled
Corpus

— |
_ Segmentation

CCRF Model

—

POS Tagging

. —

Already exist
in Dic?

\ 4
Name Entity Matmal |
o Correct
Recognition ¥ )
- I — e - entities |
_ I
Khmer Entity CorpLE)

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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24 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.

Word List

<l W Y i

Subsequence B :
Czep)ﬁs Extraction > juicPeacig ——b

Figure 2.4 The Rule-learning Process

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.

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

14



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.

)
Text Rule Mo Rule
Learning 7| Rule Set Tagging
—

Input Text ———» Word Extraction

Segmented Words

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

15



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.

16



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.

Input text

\ 4

Space elimination

\ 4

Maximum Matching | Khmer Corpus

A

Unknown word solving Rule-based

A

A

Segmented text

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.

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).

Figure 3.2 Maximum Matching algorithm for Word Segmentation

Sentence 1: 0 mnmi’ﬁﬁm nﬁﬁéhLﬁjmqjmﬁm sgn':ﬁyrgﬁsﬁmmﬁa rqtﬁmf'immej
m«tﬁﬁsmm‘_’iﬁﬂsﬁﬁmm

2] 3 N
Result 1: ttnmmﬁﬁ/ﬁmnﬁﬁ/éﬁ/wmm/mﬁ/msgn}/ﬁigﬁﬁgmm/mmﬁﬁ/n;m
mﬁ/mLmﬁ/mh/ﬁﬁ/m:m@/im/gimm

(Because of pity and love he has supported her accommodation and money for her

study in Phnom Penh)
Sentence 2: € mﬁiﬁﬁlﬁﬁﬁtﬁméiﬂ sUA[UIM A BRI IR TG NsAE eI
" 2] (o] n N (o]
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Result 2: mmﬁigﬁlgﬁﬁigﬁj/[ﬁw:]%]/ﬁﬁJLﬁmmﬁ/ﬁ/ﬁﬁﬁfﬁﬁ/ﬁgﬁ%ﬂjsﬁﬁmﬁ/ﬁ&ligﬁj
(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 ([5%9:] 8]). 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 “6 & ©

+
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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. 1V: denotes independent vowel, the vowel that can act as the consonant.

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: AN [/ 6 N8 HInA AN N ﬁmNﬁ f’ﬁ\ﬂ; 11§18Aat] Lﬁiﬂﬁ ﬁﬂﬂﬁfﬁ fiU N8N hjﬁﬂ
iU AN B/ 6N U HﬁJi Lﬁﬁ Lﬁﬁ i fid Lﬁﬁi Uf HY GU 8if SRS 2J1‘3 iy I T_ﬂi‘ﬁJ 2801
& n § & (o] 2] n
Lﬁﬂﬁﬁ HANM NITH ﬁ.ﬁﬂ“ﬁj\; HYUHT UEH UH4d L@ﬂJﬁS Lﬁﬁﬂ Lﬁﬁﬁ Lﬁﬁﬁ Uui [y Lﬁ 4 ...
a w 121 b n n & ~
Rule 4: [f UW contains one S and same rule as Rule 3, these characters will be

combined as a new word.

Example: fifi it AT ANA A5 105 98 78 ¢U enT 8l wf uh iR nafl uln AR ui

J v o o

§ 81 &1 ﬁ:jtﬁ Qus sutHs S ﬁg ﬁg stheg Hos HH]A Lﬁﬁ?m iig $s RIHJH TUID HAT 8

a0de

AN: IA0: BIAN: 9AJJR: RS 6R: IURS 2in 58 Lﬁmﬁ ﬁJ‘Jﬁ§ Hgfl MINH "G &n ...
[271] [~ Jd £ £y
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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: EE_]TH ﬁmJiﬁS f#5 A/ ANNS anTE NHIES: 25;115 aei @J 2&38 gt gunind afn

ant 8y aginf #y vty Hws auny yn Yo ydw wuys B8 auny sunH auwjw
nw A " an 2]

o

IR sUNIER 8yl WABRY NUMA DREARY H]AIET ARIES: YRJAN: YA A)aT 8N ...
n ~ A n A @

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: (it aj8 1% WA {8 [UIUNA G (mAl telpy [mae i fim |
s fajjw o §f @8 WA 0% 08 Algh wupw wih b iny e 8w oh &R #A
¥ 1 1 o o Y ] ‘%’ Cg'
1i8 Tﬂ“ShJ’J f8Us faNd ﬁLSﬁ #ff MU 81 81 i‘lﬁlm Unf ﬁﬁﬁ 5 ﬁmﬂ'j [Ch=)t] ﬁ%ﬁﬁ
1 ﬂ1 f} H ] P Y N o ¥ < n #H

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.

3 ¢ o 4 I3 |4 (4 |4 o |4 I |4 14
Example. Lﬁiﬁ_ﬂﬁs Sigi MEs Lmﬁlﬂﬂ Lﬁﬁ.ﬂﬁjg Lmil:lﬂﬂ ﬁﬁfg]g Lﬁﬂﬂﬂ,ﬂ ﬂLP 96N iﬁt_‘_ﬁﬂ

a7 snG8 ﬁgtgmﬁ Hmiﬁ?mj wHg M AJe: WNIN: IANA: 1A fur: 5 e3n: M w0
9

I WINRST I AT W AN ATAED $8WI ﬁg% NG HINGY AN BANNET ...

R 1

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.

o o

M an & § 19 W {Am Lmﬁ [AiRIe iﬁj i

Example: 13 tms im sme @ o3 § il o ¢
N

[3 a

E nig (us e ?i Y} 1}1’111 iLmﬁ ims 1 and o g AN BA fif IBgth ﬁJ i8e ﬁLﬁ LT I

e fum 88 63 sud 8 i tenc ss s M oad uhi {fs ulis w R Lﬁﬁ
2] (o] (-1 n (2] (=1

a
o o

2
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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: fingi 08 8§65 (i aans aq1y 81965 amn yaigh danns Bsmn
Y (=1 " =1 =] Y 1

aq18 Af NAMI ARRNT ARMN ARG RTRIEIR ﬂﬁﬁgﬁﬁgﬁ Anlainfh) Qigfﬁ Eﬁigiﬁ

2

il aufig augu aulnjjty angpunniy Bmes BWAT gRpnT yinje ﬁg;i ggin ..

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: 2utn g Am QIm il]ﬁ&?@ N af 317{ ain 8T [Am Bﬁliﬂ NfTM ﬁg‘l

=4

#63 yal #88 ynm yaj 8n am G4 oam amm y§ ywd gap 86 dm dam 8w

o a

AAN AR AEAA AN yRE Yo u§ yrl g md am Bin BW srgp agwn agi ...

piail )

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: antnindl agin am\ptﬁ CRVINE gunial he: Bnup: 6g8: gyl aeiw: ay
[~ (2] (=) 2]
n: sufuef suwnid amef ame: a{mAs BENAI: UGN AUAIE amef ansuye:
(2] N (o}
anfEe: aumi: Baute: Beus: ’égﬁj: gmn: QRenH: atANMe: ant: NS ...

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.

" i

Example: 128 gjep witd e sl sl 83 sgpeseps g1l wiews mim snain s
1 o) 22 N N ] Y 1

8:8

~ZCo
zen
=ZCo

T EITHE sESS IR 819 tANSIAMS gigl tigd fus G sanan witas tmum
$tntm Nt /R &ve mA il aned sfied) wn ﬁ]%' B3RS SANSAN fied UM ...
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: g3t §mr 9o nidn niin §fin iogi wige dmh diiwn Femw 6 weym

] Pl
wizfie immme e Gy TR THY imn T RTe &eiE sanniad wijfiums imsmn fne

o 1 o 1

sgigl ewen 8ng diun dnud] oo eun god §if dmd doA Sod ane]
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.

v 1 -3 n

Example: mmum Asgs Angi wiuny Innsams gemy mains igm diani gyrand
d]swr whing iﬁ]ﬁiﬁrﬁ wtinun fnnus 1land ange muifiy Tanw Fagn gm&jﬁ
VAL ﬁ‘jt&'hi zs]tmfj IRATHS S0 LM 08 ‘;Hﬁ(ﬂ‘lﬁ HAMY INHINT TRINL HeHNU ...

p7) 9 1 y P73 pr) ] 1

Rule 15: If UW contains two or four DVs, five Cs with zero, one or two S (s), and C1=

C3orCl & C2=C3 & C4orCl & C2=C4 & C5, these characters will be combined

as a new word.

Example: tifisd Amzadn fafsdindns dandadn iLﬁ]ﬁLm HeE T SRt tLﬁ]ﬁLﬁ
R " q

o 5] o

geoNtl RisiEUM SRUWE NN SMHT TSNS %suéﬁj ANITRIG] Muthd IR
B Jd Jd ~b ~b RIS ¥ o & b/ n n (o] o

B

Se
-2}

i

SHIHMN MHY UNHUN [AALM 1968 BN NEM %LﬁLﬁm geigl muds S8 9%y ...
& &V M o [~} [~} le’ﬁ-;l & TV Id & o (2] q n L3 <&

2] o o

Rule 16: If UW contains two or four DVs, six Cs with zero, one two or three S (s), and

Cl & C2 =C4 & C35, these characters will be combined as a new word.

Example: ejﬁtedji smuifimul Gig)udanty edneien wmuipn miwmimy Shaden

Atnfdn egueion Wi ihmho Hnnhe serins ﬁjmﬁs S IANY AAGARD

8 SMgH NN LﬁﬁLﬁﬁ m]smﬁ LmnmLﬁm NHHH NAISH BUMe ...
N \: (9] (9] 9 (9] o & & J [} n

n

inmu eie
a o [ BIS
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: unud sgsuigh (pnmpuiy wiflow) umtug] (aoshspouns vigugn
2] 8 =1 =] E2 P2 =1 (o] ('v:

AYARATA [UGEUE] HAMBHAM MNUME AMAME MWeRMIY] AaN8HAY AYE
nil amfnd mLﬁ]ﬁmLm: m%mﬁﬁ nfnnsig RIS RIS aianssi npunps...

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: ufsugs wiafiamamu (wajaufs waptiumas ffsdmn ﬁLa:amLﬁs
BEREINAS [BhEEnE [EnEia (THARNA (RNUREA RAMERIANG RI{BARIDA
AIRRAIAY (ANEANY (UG (UNARNe (AUIATAUIA (AIGIEIRYE HRRIR ...
Rule 19: If UW contains two DVs ( (1), zero or one S with two, three or four Cs, these

characters will be combined as a new word.

Exampleii:ﬂt“h WM Aim HUNT M AN HI nm l‘IﬂLﬁ‘l MMAN ANdm MItT NUNE
NUNS (N MIENT UM H _En MM AN Fﬂ‘i]”l mé@ e M N N |
ﬁ:ﬂ NH MN NEHN AN AN MG MI NHN HNAN tiﬂLm hﬂLm nyH ...

Rule 20: [f UW contains two or three DVs (07 G O 9), zero or one Swith two, three or

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

a a a8 o a a

Example: né wwk f?i:ﬂ RN HEM N HUN 88 MU 8 HUN AMUN U8M AN M

1 1 1 1 1 1 1 1

f @f !ud m@jm fmrmﬁ qm‘? RITE ﬁ?gjn sim AN fonn 81F HEUR O6 ﬁ%p ulm

fan Han {‘njcm fTun fqmﬁ ﬁmrpﬂﬁ ﬁmﬁm el HEUR GO I8 Q160 GIMN GO ...

2]

Rule 21: If UW contains two DVs (10 @ ), zero or one S with two, three or four Cs,

starts with (10 or 101)and ends with a DV (o1 or &), these characters will be combined

as a new word
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Example: #M #0109/ ‘ETES?P 160 WAN IHUN 18TM IEHM WNI/H WU Umh
I‘Hgﬂ ‘mﬁﬁﬂ #UM UNm AN iﬁﬁfp 19U iﬁ?]"l iﬁjaﬂ iﬁEj N ig@ Lm@ $HUId $LNTM

HIBAM 18BN 18M IRILM NG mﬁ uh iﬁLﬁ mﬁﬁ HINAT We® $2AN ThiN ...

1. The word “#@&ts” starts with the consonant “#”,
E CGOVEG 5 ©
Voov b i L ends with consonant “t35”, has a dependent vowel

LI I 2T § § I

o and a symbol “57. Tt is in case of Rule 6.

IVC ¢/bVC 2. The word “anmi” starts with the independent
b Y |

an

vowel “01”, ends with consonant “ and has a

dependent vowel “a”. It is in case of Rule 9.

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

) 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
26



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.

. 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.

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

Accuracy =

correct segment

Number of correct instances

Number of total words

(4.1)

e 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

o
Article # Sentences | # Total words # UWnl(:;l(;):vn % %It)l;l;(;wn
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 32T 13881 963 6.93
Total 2018 64010 3513 5.48

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

MM MM with Rule-baed
AT et accuraey ) ol caraey 0

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

e type | Fmreing % Ay
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.

31



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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Abstraci—Word boundaries are the essential assionment to be
done in natural language processing research. In most Asian
languages, as well as Khmer language, many studies involved with
word segmentation have been investizated. In Khmer Word
Segmentation, several approaches related to segmenting words
based om dictionary have been studied. There are omly 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 88.55% and along with Rule-based, the
accuracy increased to 92.81%.

Keywords- Khmer Word Segmentation, Maximum Matching,
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) ] INTRODUCTION

Khmer is the official and national language used by the
people in Cambodia. There are 33 consonants, 23 dependent
and 13 ‘mdependent vowels, 10 digits of numenc, and
approximately 27 diacritics and special characters as shown in
TABLE L

TABLEL KHMER CHARACTERS

Comsonanty/is | N EPUIDE OO DT GUE AT AT

subseripts || f 68 WG 0 A P LA g
Dependent Vowels N . o ,.'.‘,Iqo[] i DX
Ind;e;lent_{"n_we] [ ® af -E?i—ﬁ i T_T ;J_ﬂ bl g_i-‘, w8

l\neen_c _‘LJE'J.'H'_-";-"EIIL'E{E._
Diacritics/special 2

characters

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
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of unsegmented words have been causing huge problems for
information retrieval, machine translation, text-to-speech, and
many other natural language processing applications.
Consequently, word segmentation is a great significant to solve
ambiguity problems. Existing methods for Khmer Word
Segmentation such as Word Bi-gram and Orthographic
Syllable Bi-gram in [4], Statistical Analysis with Linguistic
Rules in [1]. Bi-Directional Maximal Matching in [2], and
Constramned Conditional Random Fields m [3] have been
mvestigated. However, most of the approaches above cannot
efficiently deal with the out-of-vocabulary words. The purpose
of this study 1s to increase an accuracy of Khmer Word
Segmentation by using Maximum Matching Algorithm along
with grammatical based rules.

II. RELATED WORKS

A preat deal of studies related to word segmentation has
been investigated and they are often done in most Asian
languages such as Chinese, Thai Burmese, Javanese,
Vietnamese, Lao and Khmer.

Word Segmentation of Khmer written text based on Bi-
gram model was presented in [4]. The characters in each
sentence were merged into combination of characters called
Khmer Character Cluster (KCC). Then, KCC matching module
tead each KCC one by one from left to rght and matched
them Then, it converted the KCCs into KCE string. The KCE
string was used to look up whether it existed in the dictionary.
Multiple possible segmentations of the mput text were
generated. Finally, disambiguation module was used to decide
the most appropriate segmentation among the list of
candidates.

Word segmentation proposed in [2] was done based on the
dictionary by using Bi-Directional Maximal Matching and
some rules such as Khmer Character Clusters (KCC) and
Khmer Unicode Error Correction (KUEC). With these
dictionary-based segmentation approaches, they achieved the
accuracy of 98.13% and spent 2.581 seconds for 160.000 Of
Khmer words.

Constrained Conditional Random Fields (CCRF), the
model to improve the performance of word segmentation, part
of speech tagging, and name entity recognition (NER)} was
presented in [3]. First, the added OOV entity words in user
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dictionary were defined as constrained. Then, CCRF model
was applied to segment and tag the part of speech. And then,
NER-CCRF was used to recognize named entity. With this
method, Khmer Word Segmentation achieved precision of
90.78% and recall of 91.341%, and name entity recognition
with 86.07% on precision, 86.54% on recall, and 86.30% on F-
measure.

[1] proposed a rule-based technique obtained by statistical
analysis as well as specific linguistic rules of Khmer to tackle
the issues of OOV words, compound words, proper name,
derivative words and new words. Using this model, Khmer
Word Segmentation could achieve 77.70% on precision,
75.55% on recall, and 76.50% on F-measure.

III. PROPOSED SOLUTION

This study proposes to improve Maximum Matching
algorithm in Khmer Word Segmentation with Rule-based
method. The process of segmentation 1s shown in Fig. 1. Furst
of all, whitespace, invisible space which can cause problem to
word separation in each sentence were eliminated. There are no
specific rules for using whitespace and it 1s impossible to see
invisible space which is provided by Khmer Unicode. Then
word segmentation was done based on the Khmer Corpus. This
step made the boundary of words in each sentence into single
words based on the Longest Matching approach. And then, the
unknown words were then defined and solved by using 21
grammar rules created.

Segmented text
Fig.1 Khmer Word Segmentation flow chart

A Maximum Matching

Maximum Matching algorithm is one of the most popular
and a powerful word segmentation techmque used as a baseline
method in word segmentation [5]. 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 matched with the dictionary, the result is obtained as
shown in result 1 and result 2 as examples. If the words in
each sentence do not exist in the dictionary, they are defined as
the unknown word.

Sentence 1: mhtitaniiafmdnaisiand AN egarRizs
anfiEipne @b W mAsEnonBugmisiapEigmm

Result 1: rahtsaniis/fsnon aidhapon mmamegaimigh
anfiEls (e bng wm fres e Sm b grmies A paglg i m

81

37

(Because of pity and love he has supported her
accommodation and money for her study in Phnom Penh)

Sentence 2: Muwigu{Fubgardic)auniiyth A sk dlumsyg
firue mAstiga

Result 2: swargs(dsbmas/[§6]]unjue tni//chiiun/
LT RN -1 0

(The England Prime Minister criticized that the Nation
Party want England and Scotland break up)

In result 2, there is an unknown word defined i [] symbol
([&1€]12]). This unknown word will be solved in the next

step.

B. Solving the Out-gf-vocabulary Problem

Most common Khmer words are borrowed from Pali-
Sankrit. We can recognize them based on their characteristics
or grammar rules.

To solve the unknown word (UW) problem, 21 rules were
created based on the principle of Khmer grammar. However,
the words which are taken from other languages, it may be out
of rules, most of the 21 rules are not efficient to deal with them.
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 (8).
These rules are called character combination and divided into 3
groups. Group 1 (Rule 3-5) 1s the group of no DV, Group 2
(Rule 6-11) 15 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 1s solved. In the S case, we only focused on

some special characters suchas “0 c g B2 020 ol”.

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 (g). these characters will be combined as a new word.

Examples: fin A Uf G0 GU 300 WAL (A 8jH WY i NAf
AITT (AT BN NITE ASHAL AT UYA UEG (BAER [WAD
Ay {AGA..

Rule 4: If UW contains one S af the end and same rule as
Rule 3, these characters will be combined as a new word.
Examples: Aift 160 2 &2 6{0 et 50 aff UA arft nan g1 e
BON: SN IGRI MUAT BIR G2 (N inE

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.
Examples: sa8 #niite OAle OAfoe: 18 Saiz SumaD
SIGaT .

Rule 6: If UW contains a DV with zero, one or two S (s),
starts with a € and ends with a C, these characters will be
combined as a new word. Examples: witnt 88 3@ WA
e Wi &me aE iy wee oo Taiw endur
Barfurdio i



Rule 7: If UW contains a DV with one, two or three § (s),
starts with a C and ends with a 5, these characters will be
combined as a new word. Examples: {Uiinsd {Hanaig
pnuan &fig]E anAmn Ul ey Ay AN IBEE
Rule 8: If UW contains a DV with zero, one or two § (s),
starts with a C and ends with a DV, these characters will be
combined as a new word. Examples: ta52 iwm: e im: @
ana 862 8 &3 i e e @ andt (83 & oiff AT rod 8]
ig: ' '

Rule 9: If UW contains a DV with zero, one or two S (s),
starts wrth a IV and ends with a C, these characters will be
combined as a new word. Examples: #&j7 smaift #nnme
Agjf TR0 B0A G012 DAMI DARNT SONWAN BIEN 53%
sfjﬂﬁﬁ‘

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. Examples: sti¢n ham saah
nfn 45 #63 gAm YA BRp.

Rule 11: If UW contains a DV with one or two or three 8
(s), starts with a IV and ends with a DV, these characters
will be combined as a new word. Examples: g&ininh
gEiON gaINU guAINN NG

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. Examples: 3§ gjen gis? @ oust i sian:
§1H rgqeien: erel ms: Bim et i

Rule 13: If UW contains two DVs, three Cs with zero, one
or two § (s), and C1 = C2 or C1=C3, these characters will
be combined as a new word. Examples: fizshns §H1 e@f
gl nais dds fopl vige Gk wii A o

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. Examples: maicm fogs &6
Eidegs gadu maink igm danni aand @ mbing
] AIALS kT

Rule 15: If UW contains two or four DVs, five Cs with
zero, one or two 5 (s), and C1=C3 or C1 & C2=C3 & C4
or C1 & C2 = C4 & C5, these characters will be combined
as a new word. Examples: &ifal Amn:Afw Lmjm_m g:igh
5 ARSI g agtiagn Seln gigh @ini g
faudng anUasE 1968 §ifin siuiag . :

Rule 16: If UW contains two or four DVs, six Cs with zero,
one two or three S (s), and Cl1 & C2 = C4 & C5, these
characters will be combined as a new word. Examples:
inamw gluigl)t oaign mnsins odsmins édndns

iathe efacieh At Al TOAIDE M A AL,

Rule 17: If UW contains two or four DVs, seven Cs with
zero, one, two or three $ (s), and C1 & C2 =C4 & C5 or
C1 & C2 = C5 & C6, these characters will be combmed as
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a new word. Examples: ufnuf wg:mizs (amnugay
U GUHD MJEANE UDOUAT (AT ﬁigfjglﬁ_..

Rule 18: If UW contains two or four DVs, seven Cs with
zero, one, two or three S (s), and C1 & C2 & C3=C5 & C6
& C7, these characters will be combined as a new word.
Examples: sEougs (prA]auds [wmdwma Sfedthm
ek nfghﬁfmm (mrhhEn. .

Rule 19: If UW contains two DVs (1), zero or one S with
two, three or four Cs, these characters will be combined as
a new word. Examples: @1 s anfam simi man anarm

HITN NE UA{AN MAn &N Mimi e1in e e1ums. .

Rule 20: If UW contains two or three DVs (01 & © ). zero
or one S with two, three or four Cs  and ends with a DV,
these characters will be combined as a new word.
Examples: & astnfi mfA suf ;gim ananfi nwnd agthm
uTgn sim fun sfan 36 wfuf 46 Aep upn wand

Rule 21: If UW contains two DVs (ic & @1 or i1 & 1), zero

and ends with a DV (),

these characters will be combined as a new word.
Examples: /G [AIE1 IGREN 1GR3 HAN (WU BiM GRS M
UM S AN N E.

or one S with two or three Cs

IV. EXPERIMENTS AND RESULTS

A. Experiment Setup

Various online contents and books from agriculture,
magazine, newspaper, health, technology and history as shown
i1 Table IT were used to create a manually corpus and a
collection of sentences. With randomly 395 articles selected,
we could build an annotated corpus with 19500 unique words
and 2018 testing sentences (64010 words). The known words
and unknown words inside the testing sentences are
approximately  95.48% and 4.52%.The corpus and the
collections of sentences were then used to do the experiment
with the algorithms proposed.

TABLEIL Tv¥PE AND NUMBERS OF ARTICLES

No | Article Type | # Articles

1 | Agriculture 38
"2 | Magazme | 20 |

3 Newspaper 220

\ 4 Technology y AE.‘I y
3 Health 25
6 History 52
Total 395

B. Results

The results of word segmentation were counted by each
sentence and were separated mto two cases. The first case 1s



the result for word segmentation based on dictionary and the
second case 1s for solving the unknown known words.

Each article has its different accuracy as shown in TABLE
IV. Using Maximum Matching algorithm alone, we got the
accuracy of 88.34%, 89.28%, 88.17%, 90.36%, 92.12% and
87.38% on agnculture, magazine, newspaper, technology,
health and history respectively. Then we compared the results
of the Maximum Matching with Rule-based by using the same
datasets. As shown in TABLE IV, the accuracy in every
article-tested increased from 2.68% to 4.76%.

TABLEIIL COoMPARION OF PRECISION, RECALL AND F-SCORE
Maximum Matching Maximum Matching
Article (MM) with Rule-based
P | R F P R F
Agriculture | 9155 | 9591 9367 | 9527 | 9591 | 9558
Magazine | 9339 | 9519 9428 | 9523 | 9615 | 9568
Newspaper | 91.02 | 9650 9367 | 9515 | 9718 | 9615
Technology | 9192 | 98.01 = 9486 | 9490 | 9867 | 96.74
Health | 9430 | 9747 9385 | 9828 | 9663 9745
History 9075 | 9581 9321 | 9421 | 9651 | 9534
Mean | 9143 | o646 | 93.87 | 95.19 | 97.00 | 96.08 |
TABLEIV. COMPARISION OF ACCURACY
| N | M
Article Matching Mlgtchng with % increase
y = . ule-based | -
Agiculwe | 88.34 92.00) — |, 368 [
Magazine 8023 9106 | 268
Newspaper | 8817, 9298 | 336 |
Technology | 2036 _ bl 9397 M p=3lbloo
Health | 0212 95.27 315
History o3, L s [ 40
Mean Vil ——T .\ 426
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V. CONCLUSION

In this paper, a new Khmer Word Segmentation technique
has been developed. This method was divided into two steps.
First, we did the segmentation based on the dictionary by using
Maximum Matching algorithm and then, the Rule-based
approach was used to solve the problem of words that does not
exist in the dictionary. There are 21 rules and they were
created based on the principle of Khmer grammar books [§]
and [9]. With the proposed solution, we got the accuracy of
88.55% 1n word segmentation based on the corpus and it
increased to 92.81% when the rules were applied.

REFERENCES

[1] Chamna Van and Wataru Kameyama, “Khmer Word Segmentation and
Out-of-Vocabulary Words Detection Using Collocation Measurement of
Repeated Characters Subsequences,” Craduste School of Global
Information and Telecommunication Studies, Waseda University, 2013.

[2] Narin Bi and Nguonly Taing, “Khmer Word Segmentation based on Bi-
Directional Maximal Matching for Plaintext and Microsoft Word
Document”™ Royal University of Phnom Penh, Cambodia, 2014.

[3] Shuhuwi Huang, Xin Yan and Qingling Lei, “Construction of Khmer
Entity Annotation Corpus Based on Constrained Conditional Fandom
Fields,” Kunming, China, 2016.

[4] Chea Sok Huor, Top Rithy, Ros Pich Hemy and Vann Navy, “Word
Bigram Vs Orthographic Syllable Bigram in Khmer Word
Segmentation,” PAN Localization Cambodia, 2006.

[3]1 Tan Yuan Lin and Kan Xu Shen, “The Word Segmentation Methods for
Chinese Information Processing Hua University Press and Guang Xi
Science and Technology Press, 1994,

[6] Channa Van and Watarn Kamevama, “Query Expansion for Khmer
Information Retrieval,” Proceedings of the 8th Workshop on Asian
Language Resources, Beijing, China, 2010.

[7]1 Tran Van Nam, Npuven Thi Hue and Phan Huy Khanh “Building a
Syllable Database to Solve the Problem of Khmer Word Segmentation,”
Department of Computer Engineering, Polytechnic University of Da
Nang, Vietnam, 2017

[8] Then Hin, “Khmer Grammar for Phumseuksa ™ Phnom Penh, Cambodia,

2011
[9] Chhomn Chheang, “Khmer Grammar for General Studies,” Phnom Penh,
Cambodia, 2002.



AUTHOR BIOGRAPHY

Author: Mr. Pakrigna Long
Degree: Master of Engineering
Date of Graduation: 17% July 2018

Date of Birth: 13" April 1993

Place of Birth: Kampong Cham, Cambodia

Undergraduate and Graduate Education:

Master of Engineering in Computing in Engineering Systems, King Mongkut’s Institute

of Technology Ladkrabang, Bangkok, 2018

Bachelor’s degree in informatics engineering, STMIK IKMI Cirebon, West Java,
Indonesia, 2015

Major: Computing in Engineering Systems

Presentations and Publications:

[1] Long, P. and Boonjing, V.“Khmer Word Segmentation and Rule-based Techniques
for Khmer Word Segmentation”, The 2018 - 10" International Conference on

Knowledge and Smart Technology, Jan 31- Feb 3, 2018,Chiang Mai, Thailand,
978-1-5386-4015-9/18/$31.00 @2018 IEEE.

40





