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ABSTRACT 

This thesis explores using phonological principles in Khmer to build a model which 

can automatically transduce orthographic native Khmer words into a phonemic 

transcription and a close phonetic transcription. The approach chosen for this research 

involves two processes: (1) converting the orthographic words into phonemic 

transcription which represents careful speech, and (2) converting the phonemic 

transcription to the phonetic transcription which represents casual speech.  

Three datasets are created to manually train the model as well as test it, and two Thrax 

grammars were written to fulfill the two processes. Dataset 01 is a list of manually 

selected 140 words which covers most spelling and pronunciation cases in native 

Khmer words. Dataset 02 and Dataset 03 serve as testing dataset. Dataset 02 is a list 

of 7,654 words drawn from the official Khmer monolingual dictionary published in 

1967. Phonemic and phonetic transcriptions of each word in Datasets 01 and 02 are 

manually created based on existing phonological principles/regularities postulated by 

previous scholars. Dataset 03 is a list of 6,492 words drawn from the Cambodian-

English dictionary together with their phonemic transcription done by Robert Headley 

published in 1997. Ruby was used to do the data preparation for Dataset 02 and 

Dataset 03 because it is easier and quicker to manipulate the data using simple syntax 

and regular expression. 
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The first Thrax grammar was written and validated to successfully convert the 

orthographic native words into phonemic transcription. This process involves 

mapping a Khmer character to an IPA character, determining syllable parsing, and 

implementing phonological regularities. The second Thrax grammar was written to 

convert the phonemic transcription into phonetic transcription by implementing some 

known phonological regularities such as: schwa and aspiration transition in the initial 

consonant clusters, pre-syllable reduction in disyllabic words, and others.  

The results show that the error generated by the first Thrax grammar is reduced from 

97.86% (using simple grapheme to phoneme mapping) to 2.14% (using the mapping 

and phonological regularities) on Dataset 01. On Datasets 02 and 03 the average error 

rates are 0.89% and 2.87% respectively. Most transcriptions errors stem from 

exceptional and irregular cases where the orthographic words are pronounced 

differently from their spelling. All error cases are fully documented.   
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GLOSSARY 

Dependent vowel a vowel that requires an initial consonant to form a 
syllable. A syllable is invalid if it starts with a 
dependent vowel.   

Diacritics orthographic marks used to change the series of 
consonants, modify the vowel quality and more  
(i.e. MUUSIKATOAN, TRIISAP, BANTOC ...etc) 

Independent vowel a vowel that does not require an initial consonant. They 
could form a syllable by themself or with a final 
consonant. 

Inherent vowel abstract vowels which have no explicit orthographic 
symbol but co-exist in each consonant 

Native (Khmer) words words that fit into the orthographic syllable structure of 
native words. The pronunciation of these words is 
different from that of Pali/Sanskrit loanwords even 
though they are written/spelled alike. 

Orthographic consonants consonant written in Khmer orthography 

Orthographic vowels vowels written in Khmer orthography 

Orthography a type of writting system (Mountford 1996), in this 
thesis, "writing system" and "orthography" are used 
interchangeably (Sproat 2000:23). 

Regular expression a system of symbols used to describe patterms with a 
string of characters either as a set of strings (regular 
language) or a set of ordered pairs of strings (regular 
relation) (Mitkov 2003:754) 

Regularity It roughly corresponds to orthographic depth (Sproat 
2000:6). An orthography is "not deep" (or regular) if it 
is generally possible to reconstruct the pronunciation of 
a word by simply looking at the string of symbols and 
applying general “letter-to-sound” rules. 

Ruby a general purpose, object-oriented programming 
language invented by Yukihiro Matsumoto (a.k.a. 
Matz) with the intension to make programming faster, 
easier and more fun 

Script a set of distinct marks conventionally used to represent 
the written form of one or more languages: crucially, 
one can speak of a script without implying its use for a 
given language. (Sproat 2000:23) 
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Series a term first referred to by Henderson (1952:151) as 
register, which is the distinction of pitch (first register 
has higher pitch than the second register). Later, Jacob 
(1968:4) had a different description whereby the first 
register is clear ('head' voice and a certain degree of 
tension), and the second register is breather ('chest' 
voice and a comparatively relaxed utterance). 
However, Huffman (1978:2) suggests that Khmer may 
never have been a register language. He added that 
term register should be reserved for a language in 
which there is a complete dichotomy of phonation type 
through out the vowel system. He then (Huffman 
1970:15) proposed the term "series" instead. Both 
orthographic vowels and consonants are divided into 
two series: first series and second series. 

Series assimilation a phenomena which Huffman (1970:43) refers to as 
Vowel Governance, for the pronunciation of a vowel 
symbol, including the invisble inherent vowel, is 
determined by the series of the initial consonant 
symbol it is attached to. 

Sonority hierarchy ranking of elements from the most sonourous (the 
highest value) to the least sonorous (the lowest value) 
(crystal 2008:442); see also Figure 5 Sonority 
Hierarchy 

Subscript a symbol representing any consonant following the first 
consonant in an orthographic syllable (Unicode 
Consortium 2015:614) 

Thrax a grammar compiler which uses regular expressions 
and context dependent rewrite rules into weighted 
Finite State Transducer archive 

Writing system  a script used to represent a particular language (Sproat 
2000:23) 
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1 The phonemic transcription represents careful speech and the phonetic transcription represents casual 
speech. 
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3 As of 2015, the population of Cambodia is 15,578,000. (http://www.ethnologue.com/country/KH) 
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4 /f/ only occurs in loanwords, especial French and English. 
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·  �� �����
�
���������+�11+ �

·  � ������
�
���������+:11+ ������
�
���

��������-�����������������������

������ �� +�+ 5� +�F+� �� +�+� 6�� +�F+� � �+:+� � � �

������� ���� �� +�+� 7� +�F+� 8 �+�+� 9� +�F+� 0 �+N+� � � �

$�*����� : ���� ;� �+H+� <� +
F+� =� �+H+� >� +
F+� �� +�+ � � � �

$�*����� ?���� @�+
+� $� +
F+� A�+
+� B��+
F+� ��� +�+� � � �

2������� ���� �� �+@+� C�+�F+� �� �+�+ � D�+�F+� 2� �+	+� � � �

-

 ���� 1� +E+� �� +�+� �� +�+� 3�+�+� �� +�+� 4� +�+ � �� +�+� �� +5+�

 �

                                                 
5 More description on Series System in Khmer is included in section 2.3.3 below. 
6 Huffman (1970:14) called these 'Retroflexes', but they are actually not retroflexes. There is no 
retroflexes in Khmer. 
7 Huffman (1970:14) called these dentals, but they actually are alveolar. 
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���������� %�����

$�������
������*��

���������� %������

�� +�+�

E�4� +�+ �

F�5� +�F+�

�� +�+� F�6� +�F+�

�� +�+� F�7� +�F+�

8� +�+� F�9� +�F+�

;� +H+� F�<� +
F+�

=� +H+� F�>� +
F+�

@�+
+� F�$� +
F+�

A�+
+� F�B� +
F+�

�� +@+� F�C�+�F+�

�� +�+ � F�D�+�F+�

�����   ��������� %������
#�!!	�����=<?".7�"�

"When two orthographic consonants are pronounced consecutively (without 
an intervening vowel) within a word, the second (and sometimes, in medial 
position, a third) consonant symbol is written in a special subscript form 
below the first symbol. [...] These subscripts are called )8-���G�� /c���  

qaqs�� / 'consonant's feet' in Cambodian [...]." 
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� � +�00+�� � � +�11+��

5� +�F00+� 6� +�F11+�

�� +�00+� 8� +�11+�

7� +�F00+� 9� +�F11+�

;� +H00+� =� +H11+�

< a� +
F00+� >� +
F11+�

@� +
00+� A� +
11+�

                                                 
8�< �and > �are usually used to write loanwords from Pali/Sanskrit. 
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���=9<" > 3�-����=9<".?*.�3��

#�!!	����=<?"�/*�73�b��
���==?"�=*.?3������??>"�?3� ������?��"�/��

��  �/�
�
�
���������
������#��������=<<"$$�*$$����

                                                 
9 There are two inherent vowels: /�� / and /�� /. 
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10 This hyphen (-) represents a placeholder for the corresponding consonant with Series Shifter, but 
they are excluded here because they are not relevant with the Series Assimilation. 
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11 This ordering is exactly the same as Unicode Standard version 4.0 through 6.0. 
12 Throughout this study, consonant shifters are referred to as 'series shifters'. 
13 See section 2.3.2 above for more on subscript. 
14 Independent vowels are {�|�}�~�•�€�•�‚�ƒ�„�…�q�† . They can stand on their own or before a 

consonant to make a word. 
15 See section 2.3.5 above for more on orthographic vowels. 
16 This character is rarely used. 
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18 Thrax is named after Dionysius Thrax, the first reputed Greek grammarian in 170-90BCE. 
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19 These include Pali/Sanskrit loanwords and other loanwords which might have been slipped through 
in the clean up process. 
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20 The URL of this source is https://code.google.com/archive/p/khmer-dictionary-tools/. 
21 In .ODS, the first numbering is for counting and another is for ordering. 
22 In the Khmer-Khmer dictionary, some words (especially Pali/Sanskrit loanwords) are hard to 
pronounce, so a simplified spelling using Khmer othography to demostrates how to pronounce them is 
given to help the user to pronounce them correctly.  
23 It is possible to convert directly from .ODS to .TXT, but there is an error (i.e. “invalid byte sequence 
in UTF-8”) when running RUBY code on it. 
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double syllable words: elaborative expressions (two and four rhyme syllables)  
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25 Note that the inherent vowels do not have orthographic symbols. 
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26 N/A denotes that this vowel does not exist in any words in the dataset. 
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27 Its unicode is 17D2. 
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28 This is a special case for � �where its series does not change when the series shifter is attached to it. It 

instead changed from the voiced bilabial implosive / �  / to voiceless bilabial plosive / p /. 
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29 Its etymological tag is P/S, but it is included here as an example in case of having alveolar implosive 
/� / in syllable final position. 
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30 A final consonant is not allowed after the 1st series of this vowel, and it is permitted to have a final 
consonant for the 2nd series (i.e. 8,� ). 
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32 /q/ is kept as the original version. It is the equivelent of /� /. 
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