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ABSTRACT

This is academic research about pronunciation modelling of Penang Hokkien for
Text-to-Speech System which is under field of study, Speech Synthesis. It is widely
known that there are majority of unwritten languages are gradually forgotten by
younger generations due to domination of written languages in education and the most
significant factor is lack of documentation of the languages. Hence, these hindrances
prevent or increase the effort of revitalization on those unwritten languages by
implementing current technologies. Penang Hokkien Language, a likely unwritten
language spoke in Northern of Southern Peninsular Malaysia is selected as case study
of this research where its linguistic resources are partially documented. In order to
develop an TTS System for Penang Hokkien, this research project is the first steps to
familiarize with this high complexity language. Since this project is part of the effort
in revitalizing Penang Hokkien Language, Traditional Chinese Character is opted as
standard of writing system and Penang Hokkien Spelling System which created by
Hokkien Association of Penang is selected as standard of pronunciation orthography.
Listing of phonemes with categorizing them into initials and finals are taken as
Penang Hokkien is a tonal language. Moreover, nine tones are marked with the use of
diacritics based on Penang Hokkien Spelling System according to the tone marking
rules. Tone sandhi rules are also created in orthography standardization phase. The
contributions of this project are (1) finding the possible combinations of initials and
finals and tones, (2) collect possible graphemes, (3) map graphemes with morphemes,
(4) design database to store the processed data and (5) standardizing the tones and

tone sandhi rules.
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CHAPTER 1

CHAPTER 1 Introduction

1.1  Introduction

Text-to-speech Synthesis (TTS) Technology literally means technology that realizes
conversion process of normal language text into speech or in other words — “a talking
machine or a talking computer” [1], [2]. TTS has similar technology which is
Automatic Speech Recognition (ASR) which realizes conversion process of human
speeches into text and both of these technologies are under a field of study, Speech
Synthesis [1]. There are vast applications of TTS but the first intention of inventors to
develop TTS was to use it in reading system (convert text from book into speech) for
visually impaired persons [1], [3], [4]. This can be proven by the first commercial
TTS system — Kurzweil reading machine for blind was invented and produced in 1976
[5]. Other than that, [1] stressed that TTS technologies are also used in call-centre
automation and news stories reading, weather reporting, and others. Additionally, well
known physicist Stephen Hawking used TTS as speech prosthesis which developed
by Intel [4], [6]. Moreover, verification of orthography correctness of written word
and listening of personalized text which contains unknown pronunciation in second-
language learning as well as automated audio books and computer games narratives
are also implementing TTS technologies [4]. These applications manifest the high
implementation and significance of TTS in human daily life. However, such

manifesting and useful technology must have various of tedious requirements.

In order to build a speech synthesis for a language, identification of language
type is vital to ensure the best approaches used in the speech synthesis development
towards its quality. There are few major types of languages; for instance, tonal
language, intonation language, pitch-accent language which are language type of
Chinese Mandarin, English, and Japanese respectively. Google’s paper that
introduced WaveNet — a deep neural network (DNN) technology that generate raw
audio waveform made comparison of voice quality between DNN, concatenative
technique, parametric technique and human speech by using Mean Opinion Score
(MOS) towards US English and Mandarin Chinese. By only comparing the results
using concatenative technique and parametric technique, US English showed
advantageous results on concatenative whereas Mandarin Chinese shows
advantageous results on parametric technique [7]. As mentioned previously, before

1
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CHAPTER 1

opting the best speech synthesis approach, identification of language type should be
done to ensure its quality. On the other hand, a well-developed TTS synthesizer
postulate a numerous type of resources. As instances. Text and speech databases,
linguistic analysing tools, dictionaries, signal processing, and grammars are needed
during the development process [4]. Resources selection placed the most important
part as it directly affects the accuracy and the quality of the speech synthesis; hence,
[4] suggested that during the corpus construction, professional speakers or voice
talents should be invited during the recording of natural speech. Moreover, text
resources should be obtained from the assorted text genres representable sources to
ensure obtainable of the target language’s optimal statistical distribution coverage [4].
Futhermore, language’s pronunciation dictionary, lexical stress, syllable boudaries as
well as morphological structure are also required in the development progress [4]. [4]
also asserted that languages with nonalphabetical writing systems require systematic
transcription (standardized romanization in orthography) for further realizing TTS
conversion, Mandarin Chinese with Pinyin is one of the successful examples.
However, there are lots of unwritten languages that exist only in verbal, entire culture
without writers in entire globe; there are only 3,982 languages have developed writing
system and approximately 3,135 are likely unwritten [8]. Without developed writing
system with well documentation, it is impossible to convert text to speech. This
makes TTS in an awkward and unsatisfying state as there are only few languages and

dialects are supported by TTS [4].

In this research, a likely unwritten language in Malaysia, Penang Hokkien is
taken as case study for this research. The most obvious problems for Penang Hokkien
which are caused by weak documentation. Although the language exists since few
hundred years ago in Malaysia, the language is lack of documentation on the tones,
texts, phrases, idioms, and others. Moreover, Penang Hokkien is lack of literatures
where Hokkien Language Association of Penang had dug up old books and
documents to prove that Penang Hokkien is a language not a dialect of Mandarin [9].
These would be the main factors that causing the corpora is not complete.
Unstandardized writing system and pronunciation system would be another problem
that currently faced by Penang Hokkien. Thence, this research will standardize the

orthography and pronunciation of Penang Hokkien by collecting resources from high
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CHAPTER 1

mutual intelligibility documented languages that has same progenitor with Penang
Hokkien as a first step before proceeding into future construction of Text Corpora and

Speech Corpora for Penang Hokkien.

1.2 Problem Statement
1. No standard orthography in Penang Hokkien. There 2 writing system
and 2 romanization system in Penang Hokkien Language. Traditional Chinese
character as graphemes of the language is suggested by Hokkien Association
of Penang with its Romanised using Penang Hokkien Spelling System that
modified and referred to Tai-16 (Tai-udn L6-ma-ji Phing-im Hong-an) [10].
Timothy Tye suggests fully Romanised writing system as graphemes for

Penang Hokkien which is called Taiji System [11].

2. Lack of formal pronunciation dictionary in Penang Hokkien. Timothy
Tye developed an online dictionary for Penang Hokkien with Taiji System as
main listed entries followed by definitions in English, Malay, et cetera [12].
However, the Taiji System is developed only by Timothy Tye himself without
any other linguistic experts involved during the developing process and
criticized by an Southern Min expert towards Tye’s unprofessional

transliteration and romanization on Penang Hokkien pronunciation [13].

1.3  Motivation

The motivation of this project is to model pronunciation of Penang Hokkien Language
for Text-to_Speech System by standardize the written text for Penang Hokkien Script
and the romanization of the text and collect audio guidelines of each phoneme as first
step of TTS system development of Penang Hokkien. The standardization methods
will be discussed in the Chapter 3. Since the language is facing extinction in future 40
years as [9] reported prediction of a language expert, Catherine Churchman, palliation
of the threat of extinction should be taken for rescuing the language; hence, this

project is vital as one part of the processes of rescuing Penang Hokkien Language.
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1.4  Research Objectives

1. To collect large number of phrases and words of Penang Hokkien for text corpus
construction and standardising the language orthographies including the romanization
and Chinese characters and collect each morphemes audio sample as pronunciation

guidelines.

2. To collect large number of sentences and articles that similar to Penang Hokkien as
a future resource in selecting the most suitable sentences for studio recording in future

research project.

1.5  Research Background
1.5.1 Speech Synthesis Techniques

Text-to-Speech Synthesis System as mentioned in the introduction could be one of the
approaches to rescuing the endangered unwritten languages. It converts language text
into speech. There are several techniques currently exist in this world which are
Concatenative TTS, Formant Synthesis, Parametric TTS, Articulatory Synthesis,
HMM-based Synthesis, Sinewave Synthesis and Hybrid (Deep Learning) Approaches.
TTS synthesis system is evaluated in aspects of intelligibility, naturalness, preference,

and comprehensibility [14].

Concatenative TTS required high-quality of audio recordings for combination to form
the speeches. Labelling and segmentations of the range of speech units that recorded
from the voice actors are done by the linguists from phones to phrases and sentences
to build a gigantic database. When synthesizing the speech, Text-to-Speech engine
concatenates the speech units that matches with the inputted text to produce an audio

file by searching them from the databases [14].

Formant Synthesis techniques generates artificial signals based on a set of specified
rules imitating the formant structure and other unique properties of natural speech to
produce speech segments. It produces the synthesized speech by using an additive
synthesis and an acoustic model that include parameters such as voicing, fundamental

frequency, noise level and others [14].

Parametric TTS was invented to address the limitations of the concatenative TTS by

combining the parameters such as fundamental frequency, magnitude spectrum and
4
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others to process them into speech. In this method, extraction of linguistic features
like phonemes, duration and others from the texts is required then will be moving into
the next steps which is extraction of vocoder features (human speech characteristics):
spectrogram, cepstra, fundamental frequency and others to use in audio processing in
the future. Vocoder will be involved in this technique by transforming the features of

the generated waveform and estimating the parameters of speech [14].

1.5.2 Min Languages Origin
Yue Retreated to Min, Fusion of Min and Yue, Min Languages Progenitors

The earliest recorded history of Fujian Province was after the Spring and Autumn
Warring States period, royal family of Yue States retreated to Fujian area that had
mountainous and riverine terrains, integrated with the natives, and founded Minyue
where the relics and ruins of the royal family can be found in Northern Min region. In
the consensus of the linguistics world, ancient Minyue Language family have certain
blood relationships with Kra-Dai Language family and its lexical elements are

reserved in various modern Min Languages [15].

Han Annexed Minyue, Huge Migration to North, Garrisoned Mother Tongues as
High-Influencing Progenitors

Huge migration from Minyue to Yangtze occurred with result of the successful
invasion of Han Dynasty towards Minyue in 110 BC. Han militaries from Jiangdong
(Wu people) and Jiangxi (Chu people) brought their mother tongues, Ancient Wu and
Ancient Chu Languages respectively integrated with Min Yue Language and became
Proto-Min Language during their garrisoning period in Fujian; In the modern Min
Languages, the lexical elements of Ancient Wu and Ancient Chu Languages are

preserved [15].
Fall of Jin, Chaos Caused Migration into Min, Shaping of Min Languages

There were two main events that has huge influence on the shaping of the Min
Languages. “Chaos of Yongjia”, was the first event that was a result from the event of
Five Barbarians Upheaving in northern China during Western Jin Dynasty. The chaos
forces huge migration from northern China to Fujian where the mother tongues were
brought into the region too, this second event named as “Eight Great Surnames
Entering Min” [15].
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Two Waves of Migrations, Phonology System Influences, Shaped and Distinctive Min

Languages

During Tang Dynasty, there were two waves of migrations from Central Plains to
Fujian. The first migration was occurred in Early Tang where peoples were mainly
arrived at Zhangzhou and Quanzhou. The noticeable events after their arrival were
Tan brothers’ achievements: (1) Pacified She Rebellions, (2) Developed Zhangzhou,
and (3) Increased Quanzhou Population. These events shaped the Southern Min
Languages that are predecessors of Malaysian Hokkien, Amoy Hokkien, Taiwanese
Hokkien et cetera. While the second waves of the migration occurred during the Late
Tang where peoples mainly migrated to Fuzhou. The noticeable event after their
arrival was Uong father and son successfully occupied Fuzhou by military and
founded Min State. Min Languages were fully shaped during Tang Dynasty with
contribution of imperial examination system that brought Qieyun phonology system
into Fujian. Moreover, the languages in Fujian had distinction due to the huge
migrations and mountainous and riverine terrains which finally categorized Min
Languages mainly into Puxian Min, Northern Min, Eastern Min, Southern Min, and

Central Min [15].

153 Penang Hokkien Language

Penang Hokkien Language is the mother-tongue of the initial group of Chinese
settlers in Malaysia came to Georgetown, Penang during 1786, which was the year of
British Port establishment in Georgetown by Francis Light. After that, Hokkien
community started to develop in Georgetown in 1800s. Penang Hokkien Language
has been used as the major teaching language among the native Chinese Hokkien for
more than a century even before Francis Light founded Penang. Unfortunately, during
20" century, Dr. Sun Yat-sen initialized Chinese Revolution for promoting Mandarin
to gathering all Chinese subethnic [16]. Research in 2009 proved that Chinese
education system has been influenced by the Chinese Revolution by establishing new
school and reading clubs in big cities and small towns replacing small-scale private
education; the first modern school was established in Penang in 1904 [17]. Enclosed
with Malaysianization and Globalization, Penang Hokkien boasted with multi-lingual

by speaking British English, Mandarin, varieties of Chinese Provincial Dialects
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(Cantonese, Teochew, Hock chew, Hakka, Hainanese et cetera.), and Bahasa

Malaysia [16].

1.54 Penang Hokkien Facing Extinction

Mok (2016) reported that a language expert, Catherine Churchman said that Penang
Hokkien Language will face extinction if Penangites keep replacing it with English or
Mandarin. The Penang Hokkien communities is now facing a huge problem which is
fractured communities due to language barrier, and this key problem for this is
majority of younger generation of Penangites are not cognizant and not conversant in
Penang Hokkien [9]. This could be proved with the research result towards the
Penang Chinese teenagers in 2020 where the Penang Hokkien vitality falls at
Expanded Graded Intergenerational Disruption Scale (EGIDS) Level 6b [18]. EGIDS
estimate languages’ overall development against endangerment [8], [19]; EGIDS
Level 6b, the result of Ting and Teng (2021) research means Penang Hokkien
Language currently is threatened and it is only used during face-to-face
communication by all generation with losing users. Mok (2020) also reported that the
Hokkien Language Association of Penang is chronicling the slow decline of Southern
Chinese languages by holding an exhibition in attempt to revive the use of languages
among the varieties of sub-ethnic Chinese groups. Sim Tze Wei, President of Hokkien
Language Association of Penang said that they dug up old documents and books to
prove that Penang Hokkien is a language not a dialect of Mandarin [20]. These could
show that the weaken of Penang Hokkien Language in communities could be affected
by weak documentation on the corpus, dictionary, and speaking system. Moreover,
the domination of Mandarin enclosed with globalization causes rapid improvement on
complexity of the written text and adapting technologies such as Artificial
Intelligence (Al), TTS, and others. Thus, other Chinese languages which could not
catch up with new technologies would facing extinction. These problems should be
tackled to palliate the extinction of Penang Hokkien and have a higher chance to

develop and spread the language globally.

1.6 Project Scope
The title of this project is Pronunciation Modelling of Penang Hokkien Dialect for
Text-To-Speech System. The scope for this project is to model the Penang Hokkien

pronunciation that act as the first step that contributes to future development of
7
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Penang Hokkien Speech Synthesis System. The project will be collecting a large
amount of lexical resource of Penang Hokkien Language included: 1.
Phonemes/Morphemes, 2. Tone Rules, 3. Graphemes, 4. Transcriptions, 5. Phrases 6.
Penang Hokkien Written Sentences, 7. Most Similar Language Articles, and 8. Audio
Guideline Generated by Most Similar Language TTS System. After the collection of
the lexical resources, the Phonemes/Morphemes and Graphemes will be further
arranged into designed database. The rest of the collected resources will be needed in

the future research towards the Penang Hokkien TTS System.

1.7 Contributions

This research is placed at higher vitality towards the efforts of Penang Hokkien
Language revitalization. Since Penang Hokkien had weakened due to domination of
Chinese Mandarin via education and other channels, problem palliation should be
taken to avoid extinction of the language. With the current available resources,
ongoing revitalization efforts of Penang Hokkien communities as well as the
sophisticated technologies, this research is significant to standardize the orthographies
and pronunciations of Penang Hokkien as well as gathering the resources that will be
needed in the future developments. Whereby this project act as the first step that
contributes to the effort of developing Penang Hokkien Synthesis System in part of

revitalization of Penang Hokkien Language.

1.8  Report Organization

The details of the research are sectioned into following chapters. Chapter 2 reviews
related orthography systems and corpora constructions. Furthermore, flow of the
research, Database design, Database construction flow, and dictionaries and software
used are categorized in Chapter 3. Chapter 4 presents phonemes, tones of Penang
Hokkien, database construction with problem faced and article as well as audio
guidelines in this research. Chapter 5 evaluate the Chapter 4 pre-implementation of
tables in the database and presents simple data analysis towards the processed data
tables. Moreover, solutions to tackle problem faced in Chapter 4, redesign of ERD
and Data Dictionaries and Reimplementation of the Database are also presented in

Chapter 5. Lastly, Chapter 6 concludes the entire report of this research.
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CHAPTER 2 Literature Reviews

This literature review will be separated into Current Existing Penang Hokkien
Language Writing and Pronunciation System, Non-Similar Language Corpus

Construction Review, and Similar Language Corpus Construction Review.

2.1 Penang Hokkien Language Writing and Pronunciation System

2.1.1 Traditional Chinese Characters with 9 Tones

Hokkien Language Association of Penang promotes Traditional Chinese Characters
as writing system for Penang Hokkien which is recommended by the Ministry of
Education of Republic of China [21]. Moreover, they proposed Penang Hokkien
Spelling System as the romanization system for Penang Hokkien Language as the
system is referenced from the 7di-I6 — official romanization system for Taiwanese
Hokkien that is also promoted by the Ministry of Education of Republic of China [10].
This system consists of 9 tones where the second and sixth tones have no difference,
and the third and seventh tones are also having no difference leaving the tones

become seven; sixth tone and ninth tone are used on the loanwords [10].

Table: SEF AP EEEERERY | Recommended Characters for the Hokkien Language

1 53 a e

2 [ a-kim 515

3 faltg a-m BE

447 a . F

5 BE ah-pa 5E

65 ah fa/a. B
7 M2 ah-st iah-si/ah-si/a-si/iah-sT HE. HE
8 & ai =g 8= =B
9 f ainn iang = (A

10 % ak =N
13 am By, K5

Figure 2.1 Traditional Chinese Character and Romanized Form

Figure 2.1 shows example of Traditional Chinese Character and Romanized form that
suggested by the Ministry of Education of Republic of China to use in writing
Hokkien Language which currently adapted by Hokkien Language Association of

Penang.
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2.1.2 Taiji System with 4 Tones

Timothy Tye, a Penang Hokkien native speaker promotes Romanized form of writing
system called Taiji System or TJ System [22]. In dealing with varieties of
pronunciation of the Penang Hokkien, he simplified it and create Taiji Romanization
for Hokkien Speakers which is used as the writing system; there are total only 4 tones
proposed in this romanization system which are 1, 2, 3 or 33 and 4 and these tones are

corresponded to the four tones in Mandarin [11].

This article in Penang Hokkien explains how to use Taiji Romanisation for writing
Penang Hokkien. It is written in Penang Hokkien in Taiji Romanisation, with audio
output to assist in following the text.

Uh33 cin3 ce33 pan3huat3 sia4 Penang Hokkien wa33. 4 Lu1 e33 yong33 Tng3lang3 Ji33,
Paek3wa33ji33 a33si33 pun4 Tai3wan2 Lo3ma1ji33. « . A33si33 lu4 uh33 ki3hoay3 ok1 cit1-
leh1ji33, lu1 ciaut ok1. 4 Eng3goay33 boh3 si1pun4 ok1 sin1-eh3 mi3knial. o

Ta3pi1, a33si33 lu1 boek3 te33-it1 eng2-eh3 pan3huat3 sia4 Penang Hokkien wa33, lu1
eng3kai1 ok3 Tai3-ji33. 4 . Halmik1 si33 Tai3-ji33 ni4? « Tai3-ji33 si33 wah1 co3 chut3 lai2-
eh3 lo3ma1ji33 hor33 Penang Lang2 eng3 sia4 Hokkien wa33. f . Tai3-ji33 cin3 eng2 ok1.
4 . Cui33-cui33 punite4 ethiau4 Penang Hokkien eh2, khnua3_5i633, tok33 thark1 e33 chut3
liaud. o

Figure 2.2 Taiji Writing and Romanized System

Figure 2.2 shows article written in Taiji Writing and Romanized System which
created and promoted by Timothy Tye by combining tone numbers with Romanized

form.

2.1.3 Comparison of Both Systems

Penang Hokkien Language which under Southern Min family has Chinese as
macrolanguage as stated in ISO 639-3 [8]. Hence, romanization of the text of the
language should be avoided to preserve the culture of Chinese elements. But the
romanization should be using as a transliteration not as main writing system of the
language. On the other hands, the 9 tones from the Penang Hokkien Spelling System
are most suitable to use as it will increase the accuracy of the speech in the future TTS

system developing research.
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2.2 Non-Similar Language Corpus Construction Review

2.2.1 Cantonese Corpora Construction

Cantonese is one of the Southern Chinese Languages which is one of the major
languages used in Southern China, Hong Kong, and others. Few researchers proposed
that Cantonese is a monosyllabic language as the meaningful words, sentences and
phrases are constructed from the inventory of 1600 syllables, and this scenario was
perplexing as same syllable might referred to different characters which carrying

totally different meaning [23].

The research from [23] explained that Cantonese is also a tonal language which
means that each tone carry a lexical function. For instance, syllables are constructed
from fusion of varieties of phonological segments, and these syllables mean
differently and corresponded to different of characters which carrying different tones.
Cantonese have 9 lexical tones, and they are classified into six main tones as three of
them is entering tones (Law et al., 2017). Lo, Lee and Ching [23] implemented six-
tone system in Cantonese phonemic transcriptions; they had also separated the speech
data by different linguistic levels into corpora: syllable — CUSYL, word — CUWORD,
sentence — CUSENT, and passage — CUPASS. Moreover, CUDIGIT — continuous
Cantonese digit strings read speech corpus and CUCMD - small task specific word

corpus was also included in the research [23].

The data collection for the Cantonese corpora by [23] was performed in a closed silent
recording room for good quality data collection. Moreover, high quality microphones
were used in the recording process. Throughout the corpora verification process, two
stages were done by trained assistant (first stage in verifying syllabus corpus; second
stage in verifying CUDIGIT and CUCMD) and phonetics experts (second stage in
verifying word, sentence, passage corpora) to resolve all the highlighted problems and
mistakes. The data organization were done by allocating the obtained data from same
speaker within a same corpus will be placed under the same directory and the

directory name was determined using corpus code, speaker code and gender [23].

By highlighting the weaknesses and the strengths of this Cantonese corpora

construction, they could be summarized as below:
Weaknesses:
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The data collection for speech using recording was costly as this method was using
high quality microphones, and the venue taken for the process was performed in a
closed silent recording room. These might increase the cost of researching. Moreover,
during the stages of verification process, trained assistants and phonetics experts were

involved and this might increase the cost of research.
Strengths:

The data were classified precisely and specifically into different corpora which made
retrieving process of data easier. Furthermore, implementing tones system of the
language had increased the accurate rate of each phrase during recording process. The
involvement of expertise in the corpora verification processes ensured the quality of
the corpora. Lastly, the obtained data were organized appropriately according to the

speakers’ directories which determined using gender, speaker code, and corpus code.

2.2.2 Czech Corpora Construction

In the text collection process, [24] selected phonetically rich text sentences as it
follows the desired distribution of phonetic units which their algorithm obeyed that
strategy. For instance, sentences that containing all phonetic events with maximum
occurrence of uniform distribution will be selected as it corresponded with another
strategy which is naturally balanced sentences selection that contain phonetics events

corresponded with the frequency in natural speech [24].

After the researchers collected the text materials, they were ready to be recorded; a
special environment which was based on SoundForge digital editing software was
built for the recording purposes [24]. During the recording phase, recording session
management took a very important responsibility to control the quality of the
recording. [24] reported that the entire recording for the corpora usually takes several
weeks with several thousand sentences. When dealing with non-professional speakers,
it was understandable that they could unconsciously vary their speech style or voice
which might causing unnatural glitches during concatenation of speech units
sequences varying in voice colour or temp; thus, before the recording phases start, the
speakers should experience three stages (warming stage, tune-training stage, and tune-

checking stage) to ensure the quality of the recordings [24].
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Checking module will be taken after the recording phase was done. [24] reported that
“pluggable check module architecture” were equipped on the special environment that
stated previously was used for checking the recorded audio data and rejecting them if

the signals did not match the expected conditions.

[24] also reported that two annotation methods were used after the checking module
was accomplished. The first annotation method used was orthographic annotation by
using the software — Transcriber with assistance of two skilled annotators. During
orthographic annotation, two phases were done: 1% phase — transcribe of all
recordings; 2™ phase — revise the transcription and do correction if found error [24].
Phonetic annotation was the second method used, it was done in fully automated way
based on the acoustic signals and revised annotations of the recordings; then, HMM-
based speech segmentation process was used to supplement every recorded speech

signal with predictions of boundaries between phone [24].

By highlighting the weaknesses and the strengths of this Czech corpora construction,

they could be summarized as below:
Weaknesses:

Before the recording started, this corpus construction method needs to build a special
environment to record and manage the recording which is time-wasting and costly.
Besides, during annotation of the recording, skilled annotators were required to
transcribe although third party software was involved; thus, this corpus construction

was demand high cost and expertise.
Strengths:

The built of special environment could decrease the workloads of recording
individuals as it managed the recording phases and handle the checking module after
recording phases ended. Besides, two annotations methods were used during the

corpora construction for maintaining the quality and accuracy of the recordings.
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2.3 Similar Language Corpus Construction Review

2.3.1 Singapore Hokkien Corpus Construction

[25] reported that Singapore Hokkien did not have speech corpora during their effort
in building limited-vocabulary speech recognition for conversational voice agent in
Singapore Hokkien. They also pointed out that Singapore Hokkien is much different
than Mandarin and Minnan so that these languages of corpora could not be directly

used as it borrows words from other languages [25].

During the construction of corpora, [25] proposed 37 token phoneset with 19
consonants and 19 vowels for Singapore Hokkien but they abandoned tone markings
for speeding up lexicon construction. Furthermore, in construction of lexical resources
for Singapore Hokkien, a dictionary for common words has built which each lexical
entry includes: 1. Romanized Orthography, 2. Equivalent English Meaning, 3.
Equivalent Chinese Meaning, and 4. Phonetic Spelling [25]. ASCII phoneset symbols
was used to concatenate with Romanized orthography for each phoneme in a syllable
[25]. In order to expand lexicon, two methods were used; 1. Expanding from lists of
English lexical entries; 2. Transcribe elicited natural spoken translations of English to
Hokkien sentences from Singapore Hokkien speakers following with new lexical

entries mining.

In speech collection, two phases were performed by [25]. First phase was conducted
by generation and collection of 300 sentences 100 of them were obtained from
Chinese language newspapers, another 100 of them were obtained from generation of
date/time and sequence grammar, and the last 100 of them were elicited naturally
from day-to-day uses of language in Singapore by imagination; in this phase language
experts were recruited in assistance of Singapore Hokkien transliteration [25]. In the
next phase, 52 speakers aged between 18 and 55 were recruited for recording session

of the sentences and this phase collected 44.6 hours of speeches [25].

By highlighting the weaknesses and the strengths of this Singapore Hokkien corpora

construction, they could be summarized as below:
Weaknesses:

Singapore Hokkien as a tonal language most likely required tome marking for getting
more accurate results. However, this corpora construction did not perform it, this
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might affect the result of the orthography romanization. Moreover, language experts

were involved in this construction which increase the cost.
Strengths:

The concatenation of ASCII phoneset symbols with Romanized Orthography for each
phenome in syllable might give better results on the romanization of the language.
Transliteration processes performed by the language experts would give the better
results as accuracy would increase by excluding the worse cases during the recording

sessions.

2.3.2 Minnan Child Speech Corpus Construction

[26] reported that data collection for the Minnan Corpus took around three years
between August 1997 and July 2000 under assistance and supports from National
Science Council in Taiwan. As this corpus is mainly for children, participants in the
speech recording were aged between 1 year 2 months and approximately 6 years old
[26]. The recording sessions were done by visiting the participants’ home regularly
every two/three weeks and each recording sessions took 40 — 60 minutes; recorded

sound files were separated according to the recording session [26].

Transcription of the sound files were into text files using orthographic transcription
and phonetic transcription in International Phonetic Alphabet (IPA) [26]. [26] also
proposed that under orthographic transcription, logographic orthography and spelling-
based romanization system for Minnan were used; hence, the transcription of the texts
was divided into Hanzi (Chinese Character) text file and Minnan text file.
Orthographic transcription in Chinese Characters had performed first as this written
form was the closest to majority of the native speakers’ intuition [26]. Minnan do not
have conventionalized orthography which Mandarin has; thus, there are no consistent
way to write several words in Minnan [26]. Therefore, 7 Minnan dictionaries were
consulted during the transcription process [26]. After the previous transcription was
done, orthographic transcription in Minnan Pinyin was continued by selecting Taiwan
Southern Min Phonetic Alphabetic as Minan Pinyin System [26]. [26] had used part

of speech (POS) annotations and discourse annotations in construction process.
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Lexical Bank was constructed during the corpus construction, and it contains
logographic orthography, spelling-based orthography, part-of-speech, and alternative
forms [26].

By highlighting the weaknesses and the strengths of this Minnan Child Speech

Corpora construction, they could be summarized as below:
Strengths:

This corpora construction method would be the most suitable method among the
reviewed methods as 2 orthography transcriptions were done for separating the

character and the romanization effectively with higher accuracy.
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CHAPTER 3 System Model

3.1 Research Flow Chart

Design ERD

|

Contruct Database
for Orthographies

|

Create Phrases Table

v

Create Tones Table
for Tone Sandhi
Guideline

¥

—  Collect Articles

Collect Audio
—{ Guideline of each
phonemes

A

End

Figure 3.1 Flow Chart of Research

In Figure 3.1, this research started with ER-Diagram design for the Penang Hokkien
Database that store the Phonemes, Graphemes, and the Mapped Phonemes and
Graphemes. Next, Phrases table was created that gather phrases of Penang Hokkien
from Speak Hokkien Campaign Facebook Page. After that, tones table was created by
standardizing the researched tones and tone sandhi. Articles that have high mutual
intelligibility with Penang Hokkien were collected was the next steps and continued
with audio guideline collection for phonemes from the database. The research

progress was ended with end of audio guideline collection.
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3.2 Penang Hokkien Database Design
3.2.1 ER Diagram

morphemes_phonemes maps_graphs_morphs graphemes

PK | phonemes_id H PK | maps_no PK | graphemes_id

initials FK | graphemes_no alJ—H graphemes

finals e FK | morphemes_no

tones map_types

phonemes_diacritics chinese_remarks

phonemes_tone_num

final_types

Figure 3.2 Penang Hokkien ER Diagram

The ER diagram in the Figure 3.2.1-1 shows relations between three tables:
morphemes_phonemes, maps_graphs_morphs, and graphemes. The
maps_graphs morphs is the table that solves many-to-many relations between
morphemes_phonemes and graphemes tables, and it also act as the mapping table for
both tables. Foreign key “graphemes _no” in maps_graphs_morphs table is referencing
graphemes id in graphemes table and morphemes no table is referencing morphemes

_id in morphemes table.

3.2.2 Data Dictionary

morphemes_phonemes

Field Name Data Type | Nullable | Description

phonemes_id Integer N Unique ID number for each
phoneme of initial and final
combination.

initials Text N Initial of  Penang  Hokkien
Romanized phoneme.

finals Text N Finals of Penang  Hokkien
Romanized phoneme.

tones Integer N Tones numbers of Penang Hokkien.

phonemes_diacritics | Text N Romanized phonemes with
diacritics symbol on the Latin
alphabets. Contain Special
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characters.

phonemes_tone num | Text N Romanized phonemes with tone
number.

final types Text N Abbreviation of the final types.

Table 3.1 Data Dictionary for morphemes phonemes

graphemes

Field Name Data Type | Nullable | Description

graphemes_id Integer N Unique ID number for each
grapheme.

graphemes Text N Chinese Japanese Korean (CJK)

Unified Ideographs Extensions

texts.

Table 3.2 Data Dictionary for graphemes

maps_graphs_morphs

Field Name Data Type | Nullable | Description

maps_no Integer N Unique ID number for each mapped
graphemes, morphemes, and map
types.

graphemes_no Integer N ID number for each grapheme.

morphemes_no Interger N ID number for each morpheme.

map_types Text N Abbreviation of the map types.

chinese remarks Text N Abbreviation of the map types in

Chinese.

Table 3.3 Data Dictionary for maps_graphs morphs
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33 Penang Hokkien Database Construction

3.3.1 Database Cosntruction Flow Chart

Start
Creating Generating Possible Checking Availability of
Phonemes/Morphemes » Phonemes » Phonemes Available?
Table Combination Combinations
Creating Graphemes .| Collecting Possible Filling Up Phonemes Filling Up the
Table | Chinese Characters Details as "NaN" Phonemes Details
v
. . . |Checking Graphemes
Creating Mapping Table > Pronunciation
—>
Available in No Updating
Phoneme/Morpheme Phonemes/Morphemes
Table? Table
” Checking Unmapped
. < Unmapped
Creating Database |« Mapping Graphemes .| Phonemes Possible Phonemes has
and Phonemes | Graphemes from raphemes?
External Sources
Create Relations between the Updating Graphemes

Tables Table

End

Figure 3.3 Flow Chart of Database Construction

In Figure 3.3.1-1, the database construction process for this research started by
creating multiple tables that stores different types of data. The first table is
Phonemes/Morphemes Table, where after this table was created, possible phonemes
combination will be generated. After that, the availability of the combinations was
checked with dictionaries by manually. The phonemes details were filled up in the
table if the phonemes combinations are available, else all the details filled up became
“NaN”. From the second created table — Graphemes, literally stores graphemes of the
Penang Hokkien which are Chinese Characters. Possible Chinese Characters were

collected and stored in the tables.
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The third created table is mapping table that maps the graphemes and
phonemes. After Mapping Table was created, the pronunciations of graphemes from
the Graphemes Table were checked using dictionaries by manually. If the
pronunciations of the graphemes were available in the Phonemes/Morphemes Table,
the graphemes and phonemes were mapped by filling up the information needed in
the mapping table; else, the Phonemes/Morphemes Table was updated by adding the
phonemes that were checked as unavailable. After that, mapping processes were

continued.

During the mapping process, when there were phonemes that were unmapped,
the phonemes were checked in dictionaries to investigate the missed-out graphemes
during the data collection and they were updated in the Graphemes Table when the
graphemes were available, else, the phonemes that checked has no graphemes were
updated in the Phonemes/Morphemes Table with all the details filled up became
“NaN”. The mapping processes were stopped until all the graphemes and phonemes
were all mapped, then a database was created. The database construction progress

ended with created relations between the 3 tables that stated in the Figure 3.3.1-1.

34 Software and Dictionaries Used

1. Amoy Hokkien Dictionary by Scottish Missionary - Carstairs Douglas [27]
2. Taiwanese Hokkien Dictionary by Ministry of Education, R.O.C. [28]

3. zdic.net Online Chinese Dictionary

4. Microsoft Excel

5. MySQL

6. BabelStone Han [29]
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CHAPTER 4 EXPERIMENT

4.1 Phonemes of Penang Hokkien
There are total of 118 phonemes in Penang Hokkien Language, and it is categorized
into initials and finals. Finals phonemes are further categorized into normal, nasals,

and stops.

4.1.1 Initials
Table 4.1 Penang Hokkien Initials Phonemes

- | |
h- k- d-
ph- kh- f-
b- g- r-
m- ng- sh-
t- ts- W-
th- tsh- y-
n- §- NaN

e Total Initials = 23 + 1, as there are phonemes without initials

e Loanwords Initials (Highlighted in Grey) = 8

4.1.2 Finals
Table 4.2 Penang Hokkien Finals Phonemes

Normal Nasals Stops

-a -y -oi -m -uinn | -eng | -ern -ah -ioh -at
-e -ai -ou -ann | -iaunn | -eeng | -in -eh -uah -et
-ee -au -ua -enn | -uainn | -ing -on -ech | -ueh -ert
-er -ei -ue -inn -am | -ong -un -erh -ak -it
-1 -1a -ui -onn | -em | -ung -yn -ith -ek -ot
-0 -i0 -eol || -ainn | -im | -iang | -ian -oh -eek -ut
-00 -i0o -iau || -iann | -om | -iong | -uan || -ooh -ik -iat
-u -iu -uai || -ionn | -um | -uang | -ng -uh -ok -uat
-oinn | -iam -an -aih -uk -ap
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-auh

-1ah

-uann -iak -ip

-iok

-ang -en

-iap

e Total Finals =95
o Normal Finals = 24
o Nasals Finals = 38
o Stops Finals = 33
e Total Loanwords Finals (Highlighted in Grey) = 16
o Normal Loanwords Finals = 2
o Nasal Loanwords Finals = 10

o Stop Loanwords Finals = 4

4.2 Tones of Penang Hokkien

4.2.1 Nine Tones of Penang Hokkien
Table 4.3 Tones and Diacritic Marks of Penang Hokkien
Tone 18t 2nd 3 rd 4th 5th 7th 8th 9th
Diacritic & 5
Table 4.4 Tone Naming
Level Rising Departing Entering
Dark 1 2 3 4
Light 5 6 7 8
9

As mentioned in previous chapters, there are nine tones in Penang Hokkien due to
increase of loanwords. By referring to Table 4.3 and Table 4.4, First tone is Dark
Level tone with no diacritic mark, second tone is a Dark Rising tone with Acute
diacritic mark, third tone is Dark Departing tone with Grave diacritic mark, fourth
tone named as Dark Entering tone with no diacritic mark, fifth tone named as Light
Level tone with Circumflex diacritic mark, sixth tone is Light Rising tone with Caron
diacritic mark, seventh tone named as Light Departing tone with Macron diacritic
mark, eighth tone is Light Entering tone with Vertical Line Above diacritic mark, and

the ninth tone is High Entering tone with Double Acute mark [30]. From both Table
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4.3 and Table 4.4, the first tone and fourth tone do not have diacritic marks. In order
to differentiate the first and fourth tones, Table 4.4 had explained all, fourth tone is an
entering tone so it only appears on stop finals which can be referred in Table 4.2.
Moreover, the sixth tone and ninth tone which are in bold, and italic means they are
tones for loanwords. Sixth tone from Table 4.3, sixth tone that highlighted in black
means, this tone is not applicable in Penang Hokkien where during the research, there

were no phrases found with sixth tones.

4.2.2 Tones Letter and Tones Contour

Table 4.5 Tones Letter and Tones Contour Table

Tones Number Tones Name Tones Letter Contours Number
1 Dark Level 1 1 33 44
2 Dark Rising 1 y \ 445 53 51
3 Dark Departing { B 21 22
4 Dark Entering 1? 3
5 Light Level 1 1 23 24
6 Light Rising - -
7 Light Departing { 21
8 Light Entering 1? 4
9 High Entering ? 32

The Table 4.5 shows each tone number with their corresponded tone name, tone letter
and contour numbers. Tone letters are represented by using IPA Tone Letter invented
by Yuan Ren Chao [31]. According to research results of [32] in late 2013, older
generations have different tones as compared with younger generations pf Penang
Hokkien Speakers, [10] has summarized the tone sandhi of the tones, but the tone
letters and tone contours for each tone is not specify. The details on different tone

contours of the 1%, 2" 37 and 4" tones will be discussed on 4.2.5 Tone Sandhi.
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4.2.3 Tones Graph
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Figure 4.1 Tones Graph with examples of Graphemes and Romanizations

The Figure 4.1 shows graph marking on 3 five-line staff for each of the nine tones in
ascending order from first tone to ninth tone. First two five-line staffs are the alternate
tone contours of the third. Detailed explanation will be explained in 4.2.5 Tone
Sandhi. Word examples are presented at below of the five-line staff with its
pronunciation orthography. The translation of each word from left to right are clothes,

short, pants, wide, person, short, nose, straight, congee.

4.2.4 Tones Marking Rules
Table 4.6 Tone Marking Priority

High Priority Low Priority

v

Table 4.6 shows priority of tone marking with high priority start from left to low
priority end to right. By referring the rules in Penang Hokkien Spelling System
created by Hokkien Association of Penang in the appendix, ‘i’ and ‘u’ have same
priority but if both of these vowels appeared in the same final like ‘iu’ and ‘ui’, the
last vowel will be tone marked. The rules from the appendix also stressed that if ‘00’,

‘ee’ and ‘ng’ are finals, first vowels will be tone marked.
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4.2.5 Tone Sandhi

1 8
Contour Contour
4

Eey
SN

Figure 4.2 60 to 80 Age Group Penang Hokkien Speaker Tone Sandhi

8
Contour Contour
44 4

2
Contour
MAJ 53
MIN 445

Figure 4.3 40 to 60 Age Group Penang Hokkien Speaker Tone Sandhi
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8
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Figure 4.4 20 to 40 Age Group Penang Hokkien Speaker Tone Sandhi

By conducting the research on the Penang Hokkien tone sandhi towards [32], Penang
Hokkien users mainly categorized into 60 to 80, 40 to 80 and 20 to 40 age groups as
of 2013. Figure 4.2, 4.3, 4.4, are the tone sandhi that summarized from [32] research
results. By referring to the Figure 4.2, age group 60 to 80 has very different tone
sandhi than the younger generation. The most obvious one is the tone 3 and tone 7,
tone 3 is sandhied to Contour 53 which is not tone contour any original tones of 60 to
80 group age, but it became tone contour of tone 2 of younger generations as referring
to Figure 4.3 and 4.4; for tone 7, it is not sandhied, so it remains at 7% tone. This gave
a foreshadowing of younger generation tone sandhi of tone 7 to tone 3 where both
tones have same tone contour which is Contour 21. For the ton sandhi from tone 2
(Contour 51) to tone 1(Contour 44) also gave a foreshadowing of younger generation
tone sandhi from tone 2 to Contour 44 where their contour of tone 1 is Contour 33.

Tone sandhi of tone 4 and tone 8 are same throughout the generations.

By referring to Figure 4.3, tone 2 of age group 40 to 60 has two tone contours
which are Contour 53 for majorities and Contour 445 for minorities. The tone 7 is

sandhied to tone 3 which has same tone contour as stated previously and the tone 3
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sandhied to Contour 44 which is the tone 1 of the older generation but Contour 33

born in younger generations.

In Figure 4.4, there are distinction from previous older generations where tone 3 can
be sandhied in two ways, tone 3 to Contour 44 for majorities and tone 3 to tone 2 with
Contour 5 for minorities. Apart from that, the group age 20 to 40 have two tone
contours for tone 2, Contour 445 for majorities and Contour 53 for minorities.
Moreover, this group age has their tone 5 contour changed from Contour 24 to
Contour 23. These explained why in the previous sub chapters tone contours and tone
letters for tone 1, tone2, tone 3 and tone 5 have more than one and explained how [10]
standardized the Penang Hokkien tone sandhi. The standardization for the Penang

Hokkien tone sandhi is visualized in Figure 4.5 below.

2
Contour Minority 8
51 Contour

53 4
445

Figure 4.5 Standardized Penang Hokkien Tone Sandhi with Tone Contours
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4.2.6 Tone Table Creation as Guidelines for Future Research

A tone table that referred to Figure 4.5 was created in Workbench Excel file during
the research.

The attributes in the tables are listed at below with description:
1. tones_id: Tone number of each tone.

. tones_name zh: Tone Name in Chinese Characters.

. tones_name_en: Tones Name in English.

. tones_letter: IPA Tone letters for each tone.

. alt tones_letterl: First alternate tone letter for each tone.

2
3
4
5
6. alt_tones_letter2: Second alternate tone letter for each tone.
7. contours_no: Tone contours for each tone.

8. alt_contours nol: First alternate tone contours for each tone.

9. alt_contours_no2: Second alternate tone contours for each tone.
10. sdh_tones_id: Sandhied tone number for each tone.

11. alt sdh tones id: Alternate sandhied tone number for each tone.
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4.3 Database Construction for Penang Hokkien Morphemes and Phonemes

4.3.1 Morphemes Phonemes Table Creation
Based on the previous sub chapters, 4.1.1 Initials and 4.1.2 Finals, and 4.2.1 Nine
Tones of Penang Hokkien, possible combination of initials, finals and tones can be

calculated.

The equation is very simple, all we need is just multiply them as below:
I X F X T = Possible Phonemes

I = Total initials

F = Total Finals

T = Total Tones

Total Initials = 24 (Included NaN)

Total Finals = 95

Total Tones =9

24 *95* 9 =20520

Possible Phonemes Combination = 20520

Table 4.7 Sample Phoneme Morpheme Table from Excel

No Initial | Final | Tones Phoneme | Phoneme Tone | Final
Diacritics | Num Types
1 p a 1 pa pal OPS
2 2 pa pa2 OPS
20520 | NaN iap 9 NaN NaN NaN

Table 4.7 shows sample Phoneme Morpheme table taken from the Excel file. “No” in
the table above is represented as the table primary key in the database where the

values are unique. These values were created by using simple function “=ROW-1".
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The initials were taken from Table 4.1 which starts with “p” and ends with “NaN”
where “NaN” is to represent the phonemes that only have finals. Each initial has
1*95*9 records, total of 855 records. The finals were taken from Table 4.2 which
starts by “a” and ends with “iap” for each initial. The tones in the table are
represented in integer from 1 to 9. Values in Phoneme Diacritics are represented by
combination of initials and finals with the diacritics as shown in Table 4.3 while
values in Phoneme ToneNum are represented by combining initials and finals as well
as the tone number that shown in sample from Excel in Table 4.7 above. These two
attributes have value “NaN” to represent records that have no combination of initials,
finals and tones. Final Types is the attributes that restrict the value entered to ensure

the consistency of value types.
The value that allowed in Final Types are:

1. OPS — Open Syllables. Eg: Finals without consonants except -er to differentiate

with -e and -ee.

2. NAC — Nasal Consonants. Eg: Finals end with -n and -m.

3. STC — Stop Consonants. Eg: Finals end with -p, -t, -k, -h.

4. NAV — Nasal Vowels. Eg: Finals end with nn, -ann, -enn.

5. NaN — Used this when Phonemes Diacritics and Phonemes ToneNum is NaN.

The possible combinations of the data were determined by checking with the two
dictionaries mentioned in 3.4 and phrases collected from Speak Hokkien Campaign
Facebook Posts as well as Wiktionary that the phonemes were rechecked with the

dictionaries to ensure the data reliability.
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Figure 4.6 Phonemes and Tones Indexing of Online Taiwanese Dictionary
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tek 223

eating and getting fat, said of lazy man,
teh hun<4, to inspect the documents ex-
changed by familiesof brideand bridegroom,
khia ta teh-toe, to remain dwelling in a
house without rent if the landlord fails to
return the money advanced. -

teh chhi?, to plant a clip, as of orange
tree. teh ki, id. phoe-lii teh chhi®, to | |
adopt a child, said of childless man.

tek (r. id,), virtue. tsoe si® kong-tek,
to perform these rites during lifetime; to he
efficacious death must follow within three
years. kong-tek tsoe ti chhdu--nih®, !:
rites inefficacious hecause grass was hurned
along with the paper house; said gen. of an
effort ending 1n failure. tsée-chek tsoe

Figure 4.7 Amoy Hokkien Dictionary Page 223 Cropped Image

By referring to Figure 4.6, the Online Taiwanese Hokkien Dictionary provides
indexing by initials, finals, and tones. The listed-out indexes of possible combination
of initials, finals and tones were taken as data in the Morphemes Phonemes Table.
There are distinctions of finals used in Penang Hokkien and Taiwanese Hokkien, “-ik”
and “-ek” are the examples from lots of finals distinctions in both languages.
Taiwanese Hokkien uses “-ik” but Penang Hokkien and Amoy Hokkien use “-ek’[10],
[27], [28]. In order to utilize both dictionaries, a basic knowledge of Tai-16 and Péh-
o€-j1 are needed to distinct both romanization system. Both systems look similar, but
the finals vowels used are different and the diacritics marking priority on the vowels.

3

As an example, for final vowel, Tai-16 prefer “-ua” but Peh-o0&-ji prefer “-oa”.
Moreover, the nasal vowels are Romanised differently, Tai-16 prefer “-(vowel)nn” but
Peh-0é-ji prefer “-(vowel)™. As an instance of distinction of both romanization

(1344
1

system, when a diphthong only exists “i” and “u”, Peh-0&-ji will choose to mark on “u”
but Téi-16 will choose to mark on last vowel which can be referred in subchapter 4.2.4

as Penang Hokkien use Téi-16 as romanization system.

4.3.2 Graphemes Table Creation

The Graphemes or Chinese Characters were taken from dictionaries that mentioned in

previous subchapters which are Online Taiwanese Hokkien Dictionary by Ministry of

Education Republic of China and Amoy Hokkien Dictionary by Scottish Missionary,
32

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 4

Carstairs Douglas, to create the Graphemes Table. Apart from that, Wiktionary on
Southern Min Languages was also taken as sources with evaluation by checking with
two dictionaries as mentioned above. Moreover, the graphemes are also taken from
Speak Hokkien Campaign Facebook posts and from its previous Facebook page

“Write Penang Hokkien” Facebook posts.

Table 4.8 Sample Graphemes Table from Excel

No Grapheme
1 -
4137 il
4138 i

Table 4.8 is a sample from the excel file that contains the graphemes or CJK Unified
Ideographs. “No” in the table above is also represented as the table primary key in the
database where the values are unique which were also created by using simple excel
function “=ROW-1”. The Graphemes on each record are unique with the usage of
data validation “=COUNTIF(INDIRECT("Graphemes[Graphemes]"),B2)<2” which

prevents redundancies of the graphemes.

4.3.3 Mapping Table Creation

After creation of the Phonemes Morphemes Table and Graphemes Table, Mapping
Table was created. The table meant to map the Phonemes/Morphemes with
Graphemes and classify them. A grapheme could have more than one phoneme or
morpheme, so the in the previous subchapter, this mapping table is created to solve
the many-to-many relations between Phonemes Morphemes table and Graphemes

Table.
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Table 4.9 Sample Mapping Table from Excel

No Grapheme No Morpheme No | Map Type Chinese Remarks
1 1 20452 UCT "
2 1 11906 KYM Bl

Table 4.9 shows a sample Mapping Table from Excel with 5 attributes. “No” same as
previous tables were also using the same function to generate the values and the
“Grapheme No” was restricted to input values “No” from
Reference Table Grapheme Table that duplicated from Graphemes Table to save as
backup during the evaluation that need to edit the original table. While
“Morpheme No”  was restricted  to input  values “No” from
Reference Table Morpheme Table that duplicated from Morpheme Phonemes Table
that excluding “NaN” Records to save as backup during the evaluation that need to

edit the original table.
The data validation for both attributes are shown below:
1. Grapheme No:
=Reference Table Morpheme!$A$2:5A$2111
2. Morpheme No:
=Reference Table Grapheme!$A$2:$B$4251

“Map_Type” that shown in the Table 4.9 restricts the values that only can be chosen

from the selection list:

e LTR (Literary Pronunciation): Literary pronunciations were brought from
Tang Dynasty when imperial examination system introduced Qieyun
phonology system into Fujian as well as mother-tongue brought from Central
Plain of China during that dynasty as previously mentioned in the subchapter
1.5.2 Min Languages Origin [15]. According to [33], the Literary
pronunciations of Southern Min are found by using Fanqgie method towards

Middle Chinese pronunciations that frequently used in writing during Middle
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Chinese. The pronunciations could also be found in orally and it corresponded
neatly with Middle Chinese pronunciations.

e CLQ (Colloquial Pronunciation): Colloquial pronunciations were also
brought from Central Plains during the Tang Dynasty and can also be founded
using Fangie methods towards the Middle Chinese pronunciations [15], [33].
However, according to [33], there has differences in different phonetics level
overlapping that increases the complexity level in the language and different
areas have different colloquial pronunciation towards the same grapheme.

e KYM (Kunyomi Pronunciation): Kunyomi pronunciation is derived from
Japanese which means Japanese native reading on the Chinese character that
have same meaning with the Japanese native pronunciation [34]. In Southern
Min, there already have similar categorization system towards the graphemes
which are LTR and CLQ. However, by understanding the history of the Min
Languages that mentioned in the previous subchapter, the Min language have
a basic level of the lexical elements from Minyue Language and integrated
with Old Wu and Old Chu Languages, and then integrated with Old Chinese
Language. In Tang Dynasty, the Middle Chinese with phonology system were
brought to Fujian and integrated with the language and became the current
modern Min Languages. With these integrations of lots of languages, there is a
huge problem in Southern Min Languages which is morphemes without
graphemes. In order to solve this problem, KYM is introduced to categorize
the graphemes that pronounced in natively as a temporarily solution for
linguists and archeolinguists for them to trace back the actual word for the
forgotten graphemes.

e ATJ (Ateji Pronunciation): Ateji pronunciation is also derived from
Japanese which means the Chinese character is used only to represent the
sound but not the meaning of the character. In Southern Min languages have
lots of phonetic-loaned graphemes that are not standardized due the same
problem as explained in the KYM. Hence, this categorization is introduced in
this research to categorize the graphemes that used for representing the sound
but not for its meaning. The categorization is introduced to solve the weak
graphemes categorization of Online Taiwanese Hokkien Dictionary by

Ministry of Education that suggested newly created graphemes and phonetic-
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loaned graphemes are categorized into alternate words category. This
categorization is problematic as the KYM graphemes are also categorized into
the alternate words category by that dictionary. This will confuse the users
whether the graphemes used for the morphemes are based on the graphemes
meaning or based on the phonemes of the graphemes. Thence, ATJ is
introduced as one of the categorization methods for the Penang Hokkien
mapped graphemes.

UCT (Uncategorized Pronunciation): According to [33], if there are
graphemes that are categorized neither in LTR nor CLQ and only has one
morpheme, those graphemes are uncategorized. Hence, the graphemes that
mapped with morphemes that has no categorization are marked with UCT as
these mapped graphemes could be taken from contemporary Mandarin; hence,

those graphemes should remain uncategorized.

The Chinese Remarks are Penang Hokkien Translation of the abbreviations above

which written in one Traditional Chinese Character for each abbreviation. Table

4.10 below shows the Penang Hokkien Translation towards the Abbreviation used

in the Mapping Table.

Table 4.10 Map Types Abbreviation and Penang Hokkien Translation

Abbreviation Penang Hokkien Translation in Tai-16
LTR Biin-thak-im

CLQ Peeh-thak-im

KYM Hun-thak-im

ATIJ Uan-ji-im

UCT Bo-kui-lut

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

36




CHAPTER 4

4.3.4 Implementation of Tables into the Database

=

Workbench xlsx

a:pcla e

A4

|
N

morphemes_phonemes xlsx graphemes xlsx  maps_graphs_morphs xlsx

Convert Conven Convert

l l
D R

morphemes_phonemes.csv graphemes csv  maps_graphs_morphs.csv

lmpor'

MySQL DB Instance

Figure 4.8 Database Tables Importing Process Diagram

By referring to Figure 4.8, the tables are needed to be separated into the different files.
There are totals of 3 tables needed in the database, morphemes phonemes, graphemes,
and maps_graphs morphs, which corresponded with Morpheme Phonemes Table,
Graphemes Table, and Mapping Table in the Workbench Excel file that gathered all
needed data. The separated excel files were needed to change the attributes names and
files names according to the ER Diagram design in subchapter 3.2.1. After the naming
progress was done, the files were converted into the .csv file UTF-8 due to special

characters in the table which the default .csv file is not supported.
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! Apply SQL Script to Database 1

REvicw SCL SCipt Applying SQL script to the database

Apply SQL Script

The following tasks will now be executed. Please monitor the execution.
Press Show Logs to see the execution logs.

) Execute SQL Statements

SQL script was successfully applied to the database.

Message Log
Executing:
CREATE SCHEMA " fyp_png_hokkien® ;

SQL saript was successfully applied to the database.

Hide Logs Back Finish Cancel

Figure 4.9 Step1: SQL Script Creation

First steps as shown in Figure 4.9, an empty SQL Script was created into the database.
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Select File to Import

Table Data Import allows you to easily import CSV, JSON datafiles.
You can also create destination table on the fly.

File Path: Browse...

A W@ Users > ASUS > Desktop > Tables

Organize v New folder
Name File ownership Date modified
v I This PC

| graphemes.csv 0 )22 20:27 Microsoff]
B Desktop

8| maps_graphs_morphs.csv 0 )22 20:26 Microsoff]

! Documents

l] morphemes_phonemes.csv 8/09/2022 Microsoff]
I Downloads

® Music
& Pictures
¥ Videos

= 0S(C)

5 File name: | morphemes_phonemes.csv Comma Separated Values (*.cs\
P P P

Open Cancel

Figure 4.10 Step 2: Import Selected File

Figure 4.10 shows second steps of the implementation where file was selected to

import into the database.
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Table Data Import = [m] X

Select Destination

Select destination table and additional options.
(O Use existing table:
© Create new table: fyp_png_hokkien . morphemes_phonemes

(") Drop table if exists

Next > Cancel

Figure 4.11 Step 3: Select Import Destination

Since the script file was newly created, the all the tables that need to import in the
database were newly created. From Figure 4.11, radio button “Create new table” was
selected and the import destination was selected as “fyp png hokkien” with table
name that previously set before the table importing which made the import process

easier.
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Table Data Import - (] X

Configure Import Settings

Detected file format: csv g
Encoding: utf-8

Columns:

Source Column Field Type

»émaps_no int

grapheme_no int

morpheme_no int

map_type text

chinese_remarks | text

i»émaps_no  grapheme... morpheme_no map_type chinese_remarks

1 20452 uct
11906 KYM
4672 ucT
12757 ucT
4570 cLQ

Nob W e
bW N e
Qe Qo0
$ :

< Back Next > Cancel

Figure 4.12 Step 4: Select Encoding Type and Attributes Field Type

Figure 4.12 shows the step 4 of the tables implementation, in this step, encoding type
for the table values was selected, however, the preview showed that the
chinese remarks value which should be in Chinese characters became unreadable
texts, further details are discussed in 4.3.5 Implementation Issues and Challenges.
Moreover, in this step, the Field Types of the attributes were selected according to the
Data Dictionaries in subchapter 3.2.2. After that, pressed next button to proceed to
data import process. The implementation process is not over yet due to the errors were
found. The further implementation processes will be discussed in Chapter 5 System

Evaluation and Discussion.

4.3.5 Database Implementation Issues
As mentioned in previous subchapter 4.3.4, errors were encountered during the

implementation process. The implementation errors snapshots were attached at below:
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Configure Import Settings

Detected file format: csv ¥

Encoding: utf-8

Columns:

0 Error

Unhandled exception: ‘charmap' codec can't decode
byte 0x81 in position 208: character maps to
<undefined>

Check the log for more details.

< Back Next > Cancel

Figure 4.13 Error Snapshot 1: morphemes phonemes.csv

Configure Import Settings

Detected file format: csv
Encoding: utf-8 e s
Columns:
° Error
Unhandled exception: ‘charmap' codec can't decode
byte 0x81 in position 38: character maps to
<undefined>
Check the log for more details.
OK

< Back Next > Cancel

Figure 4.14 Error Snapshot 2: graphemes.csv
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By combining the issues that encountered during the implementation process, the root
of the problems could be the Chinese Texts and Romanization Diacritics used as

values in the tables.
Table Data Import

|  Configure Import Settings

Detected file format: csv g~

Encoding: ’ utf-8 M
cp1250 (windows-1250)
latin2 (is08859-2)
latin1 (is08859-1)

(]
morpheme_no int
map_type text

chinese_remarks text

Figure 4.15 Encoding Types in MySQL

By referring to Figure 4.15, MySQL only have 5 encoding types; hence, the Chinese
Characters and Romanization Diacritics could not be decoded in MySQL. Moreover,
there is a Chinese Character are included in the CJK Unified Ideographs Extension E
where not many fonts that can support this character, BabelStone Han font type used
in this project during the graphemes table creation was to solve this problem. It was
very disappointing that current technologies are not friendly to utilize when
researching languages that are not using Latin characters as their written scripts. The

solution for these errors will be discussed in Chapter 5.
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4.4  Articles and Sentences Collection

4.4.1 Taiwanese Hokkien Articles

The Taiwanese Hokkien articles were taken from R.O.C Ministry of Education
Language Achievement Network which were published on past e-Newsletter named
“Reading to understand Hakka and Hokkien languages”. The articles taken were
published in Year 102 until Year 104 of R.O.C Calendar (2013 - 2015). Due to
limited time of this research, articles until latest year were not taken. These articles
were written in Taiwanese Hokkien with graphemes that suggested by their Ministry
of Education which increased the source reliability for future research on the Penang
Hokkien as Penang Hokkien and Taiwanese Hokkien have same language progenitors;
hence both languages have higher mutual intelligibility. There is another articles
source which known as Taiwanese Hokkien Communication BONG Newspaper,
however the articles from this source were not taken as the articles were written with

mixing of Chinese Characters and romanization with diacritics.

Total 150 of articles were collected from the R.O.C Ministry of Education Language

Achievement Network as shown in Figure 4.16 below:

Articles Properties X

General  Sharing Security Previous Versions Customize

Articles
Type: File folder
Location: C:\Users\ASUS\Desktop\Data
Size: 34.4 MB (36,123,671 bytes)

Size ondisk:  34.7 MB (36.438.016 bytes)

Contains: 150 Files, 0 Folders
Created: 07 September 2022, 21:13:17
Attributes: B Read-only (Only applies to files in folder)
(JHidden Advanced...
1 OK ‘ Cancel A

Figure 4.16 Article Folder Properties Window
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Moreover, file naming standardization was suggested and implemented when

renaming the file due to unreadable file name as shown in Figure 4.17 below:

B -3 22023{4(; 4).pdf 31/10/2014 09:10 Adobe Acrobat D...
B 4-; 1750024{ (5 b).pdf 31/10/2014 09:10 Adobe Acrobat D...
! 43 E/20025{ L(3 k).pdf 31/10/2014 09:10 Adobe Acrobat D...
B +-3 42802611 V).pdf 31/10/2014 09:10 Adobe Acrobat D..
! 43 E/20027{ L(3 k).pdf 31/10/2014 09:10 Adobe Acrobat D...

B -5 1:2028]L( b).pdf 31/10/2014 09:10 Adobe Acrobat D...

B -5 1:2029{ (3 b).pdf 31/10/2014 09:10 Adobe Acrobat D...

B +-3 £/200304 L(3 ¥).pdf 31/10/2014 09:10 Adobe Acrobat D... 159 KB
B +-9 F/200314L( ¥).pdf 31/10/2014 09:10 Adobe Acrobat D... 230 KB
B 4-q £120032{ L(3 ¥).pdf 31/10/2014 09:10 Adobe Acrobat D... 156 KB

] +-9 £/20033{ L(3 ¥).pdf 31/10/2014 09:10 Adobe Acrobat D... 148 KB

Figure 4.17 Articles Unreadable Filename Lists

The only recognizable text in the filenames were the number which are representing
the Special Column Number the articles published in the e-Newsletter as stated

previously with Figure4.18 as evidence.

102 |# 5 — a4 & #Hinoki RER| M #i 4o 2 567 023
102 | BAPIEAFY IR 4] mAE 1 568 024
102 | &172 & 485k xdn| M &4 2 569 025
102 |#hASHF Eim| M & 2 570 026
102 |[FEARE RER| M S &4 1 571 027
102 (kR Z B Him EEE| M A 1 572 028
102 | BN\ x4y | M &4 1 573 029
102 | AF R ASERAF R EA 4] X% 3 574 030
102 | B4 bp R &8 5 3 RER| M Ath 1 575 031
102 |(@AK EEE| M A 1 576 032
102 |Akdpi8 A .SBA B X 45 4] ®mAa 2 577 033

Figure 4.18 Article Lists Snapshot

With the list provided in the Figure 4.18, 1%, 2", 3™ 5% and last columns data were
taken to rename the file. The list was moved to excel file and create a new column for

the file name. The filename format was standardized as below:
Excel Function (Translated into English):

=[@e-Newsletter Special Column Number]&"-"&[@Year]&"-"&[@Article
Title]&"-"&[@Author]&"-"&[@Theme]
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Outputs:

2-102-FE KRl zR—/\BE—-[FERE-AY
3-102-FHR-EEHFIn-XE
4-102-PA] ik 85 4} R -ER XX £5- XX 52
6-102-RH-F FR-E1E
7-102-Ef-EHIH-RE

8-102-:5 8 NEME-ER 3 857-3C &

10-102-FA & -EFA-RE

11-1102-FHER, #EX—3-REE-RE
12-102- KT IL-BEHIn- = 2k
14-102-f B X B-EFB-1EE
15-102-77 {F B TE -5 735 B - 37 &0

4.4.2 Penang Hokkien Sentences
The Penang Hokkien Sentences were collected from two Facebook Pages, Speak

Hokkien Campaign, and its predecessor page, Write Penang Hokkien.

E Speak Hokkien Campaign.txt - Notepad - O X

File Edit Format View Help

Ht+/\mie—FXEEE, BE—HRENX
&,

BEEVERMESS T, FHERET, &6
B o

CEMHHEN AR, ERM ERE L
B TEREE, EaEE AR AR

P+ AR B HOE, RS EEA T, &
S BAGERE

FARC NI, JIRBBE, NBELT
F—igE, 78 7| |

Ln 395, Col 30 100%  Windows (CRLF) UTF-8

Figure 4.19 Sentences Collected from Speak Hokkien Campaign Facebook Page
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5 Write Penang Hokkien.txt - Notepad - (m] X

File Edit Format View Help

B AN EERE,
HAEME T EZHEBAMNE, BMLEEE,
MERERAL, BABLLET.,
HEBREHIEE—T, BEMEEE.
MEBEKX, K ERESEES,

R BH B4 22 = f&Komtarsz A .
BB LLS EEER.
BEHRSEEHEESES.
EAFERET, XEWHEBITE?
HEMA, FEIERE Z2EEERE,
BEEXRE A5 EBRERE,
SEEBEBIRBE, REIUENRRE,|

Ln 36, Col 18 100%  Windows (CRLF) UTF-8

Figure 4.20 Sentences Collected from Write Penang Hokkien Facebook Page

From Figure 4.19 and Figure 4.20 above, 395 sentences were collected from Speak
Hokkien Campaign Facebook Page and 36 Sentences Collected from Write Penang
Hokkien Facebook Page.
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4.5  Audio Guidelines Collection

The collection of audio guidelines was meant to decrease the load of the future
research. These collected audio files are suggested to be used as guideline for future
research when especially when encountering absents of linguist expert. The audio
files were taken from Taiwanese Online TTS System that developed by National
Yang Ming Chiao Tung University and National Taipei University of Technology.
However, due to limited time for this research, only 60 audio files were collected and

renamed as shown in Figure 4.21.

Guideline Audios Properties X

General  Sharing Security Previous Versions Customize

Guideline Audios

Type: File folder
Location: C:\Users\ASUS\Desktop\Data
Size: 2.02 MB (2.126.416 bytes)

Size ondisk:  2.14 MB (2.248.704 bytes)

Contains: 60 Files, 0 Folders
Created: 07 September 2022, 21:13:23
Attributes: @ Read-only (Only applies to files in folder)
(JHidden Advanced...
[ oK ‘ Cancel A

Figure 4.21 Guideline Audios Folder Properties
The audio files were named with the format below:
“phonemes_id”-“phonemes tone num”-“Speaker Region”-“Speaker Gender”
Results:

B 1-pa1-Kaohsiung-female.wav 05/09/2022 22:57 WAV File

o] 2-pa2-Kaohsiung-female.wav 05/09/2022 23:07 WAV File

o] 3-pa3-Kaohsiung-female.wav 05/09/2022 23:10 WAV File

Figure 4.22 Phonemes Guideline Audios Filename Lists
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4.6 Concluding Remarks

As a summarization of this chapter, three tables: (1) Morpheme Phonemes Table, (2)
Graphemes Table, and (3) Mapping Table were created for implementation into the
database; however, due to the encoding problem on the diacritics and Chinese
characters, the implementation of table into the database was failed. The solution will
be discussed in the next chapter. Moreover, tone sandhi rules had been researched and
standardized with given tone letters and tone contours for each tone except the tone 6
that diachronically merged with tone 2 and tone 7 [32]. The 150 Taiwanese Hokkien
articles and 431 Penang Hokkien sentences were collected. Finally, due to limited
research time, only 60 audio guidelines that generated by Taiwanese Hokkien TTS

System for Penang Hokkien were collected.
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CHAPTER S SYSTEM EVALUATION AND
DISCUSSION

5.1 Data Refining on Pre-Implementation Database Tables

5.1.1 Tables of Pre-refining Process

The checking process towards the Morpheme Phonemes Table and Graphemes Table

was taken during the mapping process of the phonemes or morphemes with

graphemes from respective tables in Mapping Table. Before the mapping process was

taken, there were total of 2102 records in Morpheme Phonemes Table as shown in

Figure 5.1, and total of 4138 records in Graphemes Table as shown in Figure 5.2.

20493 20492 NaN uat 8 uat
20498 20497 NaN ap 4 ap
20502 20501 NaN ap 8 ap
20507 20506 NaN ip 4 ip
20520 20519 NaN iap 8 iap
20522
» Template_Vowels | Morpheme_Phonemes | Graphemes | Sugg

Ready 2102 of 20520 records found T;.’)Q Accessibility: Investigate

Figure 5.1 Total Number of Phonemes Before Mapping

4135 4134
4136 4135 %
4137 4136 14
4138 4137
4139 4138 iH
p ... | Graphemes [ Suggestion1 | Suggestion2 | Refe

Figure 5.2 Total Number of Graphemes Before Mapping
5.1.2 Data Mapping and Refining Process

The refining process of data was taken along with mapping of phonemes with
graphemes. The mapping and refining process were supported by dictionaries
mentioned in the previous subchapter 3.4. Graphemes were the main data that focused
during the mapping process. When the graphemes mapped with phonemes, map types

were selected from the list. As previously mentioned on the abbreviation of the map
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types, Taiwanese Hokkien Online Dictionary categorized the phonetic-loaned
graphemes and KYM graphemes as “Alternate Words”. In order to differentiate these
while select the map types for the mapping results, Online Chinese Dictionary was
used to check on the graphemes meaning. If the searched grapheme meaning is same
with Taiwanese Hokkien Dictionary but in Taiwanese Hokkien Online Dictionary
marked it as “Alternate words”, then that grapheme is categorized as KYM. If a
grapheme in the Taiwanese Hokkien Online Dictionary marked as “Alternate words”
and searched in Online Chinese Dictionary has different meaning, it is marked as
“ATJ”. These rules applied to the graphemes collected from Speak Hokkien
Campaign and Write Penang Hokkien Facebook posts as these graphemes provided
come along with its meaning. This mapping process had tracked graphemes and
phonemes that missed out and extra phonemes that added in the corresponded tables.

The logs are attached at Appendix B.

5.1.3 Results

& Become NaN.txt - Notepad — O X

File Edit Format View Help

kue

‘kénn

'kenn

'kuinn

'kam

'khuilnn

khiam I
'gu

Ln 127, Col6 100%  Windows (CRLF) UTF-8

Figure 5.3 Total Number of Extra Phonemes
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| 5 Added.txt - Notepad

| Eile Edit Format View Help

3769 [& sé& KYM

3782 & khiah UCT

3906 €8 ann UCT

3981 fiF jia UCT

4057 &F konn KYM

4072 1 gu KYM

4081 % tsann UCT

4085 J§ ng KYM

4099 i hann ATJ| l

IV
VY
V¥
N,
NV
NN,
VY
VY
NV

Ln 156, Col 19 100%

Windows (CRLF)

UTF-8

Figure 5.4 Total Numbers of Unadded Graphemes and Phonemes

4246 4245 fii
4247 4246 i
4248 4247 T
4249 4248 [
4250 4249 Z
4251 4250 %

4

.| Template_Vowels Morpheme_Phonemes ([EIETIENESM Tone_Sandhi

Figure 5.5 Total Numbers of Graphemes after Data Refining

51 50 p o] 5 pd
53 52 p 0 7 po
56 55p 00 1 poo
57 56 p 00 2 péo

4

Template_Vowels

Ready 2110 of 20520 records found

Morpheme_Phonemes

ﬁ’( Accessibility: Investigate

Figure 5.6 Total Numbers of Phonemes after Data Refining

From Figure 5.3, there were 127 phonemes added as extra that were not available in
Penang Hokkien and were removed from the Morpheme Phonemes Table. From 5.4,
there were 156 unmapped graphemes due to phonemes were not added in phonemes
tables. By comparing the total graphemes from Pre-Refining Graphemes Table with
the total graphemes from Post-Refining Graphemes Table, there are total of 4250 —
4138 = 112 graphemes that added into the Post-Refining Graphemes Table as shown
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in Figure and 5.5. The refined Morpheme Phonemes table has its records increased

from 2102 to 2110 as shown in Figure 5.1 and 5.6.

5759 5758 4246 13522 UCT e
5760 5759 4247 13522 UCT it
5761 5760 4248 13526 UCT S
5762 5761 4249 3481 UCT S
5763 5762 4250 3481 KYM H

Figure 5.7 Total Mapped Records

Lastly, there were total of 5,762 records mapped in Mapping Table as shown in
Figure 5.7.

5.2 Simple Data Analysis Towards Pre-Implementation Database Tables

5.21 Morphemes_Phonemes Table

Count of Initial Column Labels ~!

Row Labels ~ | NaN OPS NAC STC NAV Grand Total
b 779 33 25 18 855
d 854 1 855
f 854 1 855
g 782 30 28 15 855
h 691 63 50 32 19 855
j 815 16 15 9 855
k 677 68 56 29 25 855
kh 729 49 43 27 7 855
| 731 49 48 27 855
m 811 32 5 7 855
n 821 29 3 2 855
NaN 667 66 62 34 26 855
ng 835 15 2 3 855
p 717 53 39 29 17 855
ph 758 40 26 19 12 855
r 854 1 855
s 677 64 57 36 21 855
sh 854 1 855
t 667 62 62 35 29 855
th 743 43 34 23 12 855
ts 667 65 60 37 26 855
tsh 720 50 48 22 15 855
w 853 1 1 855
y 854 1 855
Grand Total 18410 829 668 404 209 20520

Figure 5.8 Initials and Final Types Analysis
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£
3

% distribution of 'Final_Types' L. . .
Percentage distribution of 'Final_Types'

Row Labels T | Count of Final_Types

NAC 31.66%

STC 19.15% o

g NAC

NAV 9.91% =
Grand Total 100.00% =

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00% 45.00%

Final_Types

Figure 5.9 Percentage Distribution of Final Types

Figure 5.7 showed 18,410/20,520 possible phenomes combinations are invalid. There
are 829 OPS, 668 NAC, 404 STC, and 209 NAV which give the total sum of 2,110

valid phonemes combinations for the Penang Hokkien. Among the 2,110 valid

phonemes combinations, 39.29% are OPS, 31.66% are NAC, 19.15% are STC and

9.91% are NAV as shown in Figure 5.8.

5.2.2 Mapping Table

Percentage Distribution of 'Map_Type'.

222, 4%
/. 381,7%

/- 996, 17%
f

3142, 54%

- 1021, 18%

Figure 5.10 Percentage Distribution of Map Type

BUCT

mcLa

ELTR
KYM

BAT)

From the Figure 5.9, with Grand Total of 5,762 Mapped Graphemes and Phonemes,
3,142 are UCT with distribution of 54%, 1,021 and 996 are CLQ and LTR
respectively with distribution of 18% and 17% in the Map Type. Moreover, KYM
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has 381 records with 7% distributed and ATJ is the least distributed map type with
only 222 records and 4% of distribution.

5.3 Solutions on Errors During Database Implementation

5.3.1 morphemes_phonemes.xlsx
In morphemes phonemes.xlsx, the solution was deleting the phoneme diacritics
column as the special diacritics were the root problems of importing the table into the

database.

5.3.2 graphemes.xlsx

In graphemes.xlsx, the solution was creating two new attributes that represent the
Chinese characters as they are the root problem of importing the table into the
database. The first attribute created was unicodes _dec, which means Unicode number
of the Chinese characters in decimal format. The excel function used was
“=UNICODE([@][graphemes_chars]])”. The second attribute created was
unicodes_cjk hex, which means unicodes in CJK Ideographs Hex format. The excel
function used was “="U+"&DEC2HEX([@[unicodes_dec]])”. After that, this excel

file was saved as .csv file then the column “graphemes” was deleted.

533 maps_graphs_morphs.xlsx
In maps_graphs morphs.xlsx, the solution was deleting the chinese remarks column
as the Chinese characters were the root problems of importing the table into the

database.

534 ER Diagram Redesign with Data Dictionaries

morphemes_phonemes maps_graphs_morphs graphemes
PK | phonemes _id + PK | maps_no PK | graphemes_id
initials FK | graphemes_no >0—|—“ unicodes_dec
finals #q FK | morphemes_no unicodes_cjk
tones map_types
phonemes_tone_num
final_types

Figure 5.11 Redesigned ER Diagram for Penang Hokkien
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Table 5.1 Redesigned Data Dictionary for morphemes phonemes

morphemes_phonemes

Field Name Data Type | Nullable | Description

phonemes_id Integer N Unique ID number for each
phoneme of initial and final
combination.

initials Text N Initial of  Penang  Hokkien
Romanized phoneme.

finals Text N Finals of Penang  Hokkien
Romanized phoneme.

tones Integer N Tones numbers of Penang Hokkien.

phonemes_diacritics | Text N Romanized phonemes with
diacritics symbol on the Latin
alphabets. Contain Special
characters.

phonemes tone num | Text N Romanized phonemes with tone
number.

final types Text N Abbreviation of the final types.

Table 5.2 Redesigned Data Dictionary for graphemes

graphemes

Field Name Data Type | Nullable | Description

graphemes_id Integer N Unique ID number for each
grapheme.

graphemes Text N Chinese Japanese Korean (CJK)
Unified Ideographs Extensions
texts.
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Table 5.3 Redesigned Data Dictionary for maps_graphs morphs

maps_graphs _morphs

Field Name Data Type | Nullable | Description

maps_no Integer N Unique ID number for each mapped
graphemes, morphemes, and map
types.

graphemes no Integer N ID number for each grapheme.

morphemes_no Interger N ID number for each morpheme.

map_types Text N Abbreviation of the map types.

chinese remarks Text N Abbreviation of the map types in
Chinese.

5.3.5 Reimplementation of Tables in Database

The steps for importing the tables into the database were same as in the previous

subchapter 4.3.4.

Table Data Import

Import Data

The following tasks will now be performed. Please monitor the execution.

¥ Prepare Import
& Import data file

Finished performing tasks. Click [Next >] to continue.

Message Log
- Data import
- Data import
-Data import
- Data import
- Data import
- Data import
- Data import
- Data import
- Data import
-Data import
-Data import
- Data import
- Import finished
Import data file finished
Finished performing tasks.

| Hidelogs |

< Back Next >

Figure 5.12 Successful Import Logs
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After the tables were successfully imported into the database where their successful
import logs were similar as shown in Figure 5.11, the next step was to set up the
primary keys and foreign keys in the tables by following the redesigned ER Diagram
and Data Dictionaries in the previous chapter 5.3.4 as shown in Figure 5.12, 5.13, and
5.14. Next, the foreign keys were set up in maps_graphs_morphs as shown in Figure

5.15 with successful set up result shown in Figure 5.16 below.

Reverse Engineer Function in MySQL were used to visualize the Entity Relation of
the Tables as shown in Figure 5.17 below which is same as the Redesigned ER

Diagram in subchapter 5.3.4.

| Apply SQL Script to Database n:

Review SQL Script

Review the SQL Script to be Applied on the Database

Online DDL

Algorithm: ’ Default v | Lock Type: Default v

ALTER TABLE "fyp_png_hokkien'." graphemes”

CHANGE COLUMN " graphemes_id" "graphemes_id" INT NOT NULL ,

CHANGE COLUMN " unicodes_dec” "unicodes_dec’ INT NOT NULL ,

CHANGE COLUMN " unicodes_cjk_hex" "unicodes_cjk_hex" TEXT NOT NULL ,
ADD PRIMARY KEY (' graphemes_id"),

ADD UNIQUE INDEX " graphemes_id_UNIQUE" (' graphemes_id" ASC) VISIBLE;

W NN B WN e

Figure 5.13 Primary Key and Not Null Set Up for graphemes
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[ Apply SQL Script to Database 1

Review SQL Script

Review the SQL Script to be Applied on the Database

Online DDL

- e

ALTER TABLE "fyp_png_hokkien"." maps_graphs_morphs”

CHANGE COLUMN “maps_no’ “maps_no’ INT NOT NULL ,

CHANGE COLUMN " graphemes_no" "graphemes_no’ INT NOT NULL ,
CHANGE COLUMN "“morphemes_no’ “morphemes_no" INT NOT NULL ,
CHANGE COLUMN “map_types® “map_types’ TEXT NOT NULL ,

ADD PRIMARY KEY ("maps_no"),

ADD UNIQUE INDEX "maps_no_UNIQUE" ("maps_no" ASC) VISIBLE;

H

O W NN B WN e

Back Apply Cancel ‘

Figure 5.14 Primary Key and Not Null Set Up for maps_graphs morphs

l Apply SQL Script to Database ‘

REvicl 1. Sorpt Review the SQL Script to be Applied on the Database

Online DDL

Algorithm: Default v Lock Type: Default v

ALTER TABLE " fyp_png_hokkien"." morphemes_phonemes”

CHANGE COLUMN " phonemes_id" “phonemes_id" INT NOT NULL ,

CHANGE COLUMN ‘initials® "initials’ TEXT NOT NULL ,

CHANGE COLUMN " finals® “finals® TEXT NOT NULL ,

CHANGE COLUMN “tones” “tones”™ INT NOT NULL ,

CHANGE COLUMN " phonemes_tone_num’ " phonemes_tone_num’ TEXT NOT NULL ,
CHANGE COLUMN " final_types™ "final_types® TEXT NOT NULL ,

ADD PRIMARY KEY (' phonemes_id");

O W N N B WN e

[
[=]

Figure 5.15 Primary Key and Not Null Set Up for morphemes_phonemes
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Rpply SQL Script to Database

Review SQL Script

Review the SQL Script to be Applied on the Database

Online DDL

b sk

1 ALTER TABLE 'fyp_png_hokkien'." maps_graphs_morphs’
2 ADD INDEX "graphemes_no_idx" (" graphemes_no" ASC) VISIBLE,
3 ADD INDEX “morphemes_no_idx" (*morphemes_no" ASC) VISIBLE;
4 ;
5 ALTER TABLE "fyp_png_hokkien'." maps_graphs_morphs’
6 ADD CONSTRAINT "graphemes_no’
7 FOREIGN KEY (" graphemes_no")
8 REFERENCES ' fyp_png_hokkien"." graphemes’ (' graphemes_id")
9 ON DELETE NO ACTION
10 ON UPDATE NO ACTION,
11 ADD CONSTRAINT “morphemes_no’
12 FOREIGN KEY (" morphemes_no")
13 REFERENCES " fyp_png_hokkien’." morphemes_phonemes” (" phonemes_id")
14 ON DELETE NO ACTION
15 ON UPDATE NO ACTION;
16

Figure 5.16 Foreign Keys Set Up for maps_graphs morphs

| Apply SQL Script to Database
v Sapt Applying SQL script to the database
Apply SQL Script

The following tasks will now be executed. Please monitor the execution.
Press Show Logs to see the execution logs.

) Execute SQL Statements

SQL script was successfully applied to the database.

Message Log

Executing:
ALTER TABLE " fyp_png_hokkien". maps

_graphs_morphs’
ADD INDEX graphemes_no_idx" ("graphemes_no’ ASC) VISIBLE,
ADD INDEX “morphemes_no_idx" (“morphemes_no" ASC) VISIBLE;

ALTER TABLE ‘fyp_png_holdden‘.‘!naps_waphs_mphs‘
_no

ON UPDATE NO ACTION;
SQL script was successfully applied to the database.

Back Firish

Cancel

Figure 5.17 Foreign Keys Set Up Results for maps_graphs _morphs
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Reverse Engineer Database

Connection Options

Select Schemas to Reverse Engineer ‘
Connect to DBMS

Select Schemas 3
g Select the schemas you want to include:

@ fyp_png_hokkien

Back Next Cancel

' maps_no INT ! phonemes_id INT
@ graphemes_no INT initials TEXT
' graphemes_id INT )
@ morphemes_no INT < finals TEXT
> unicodes_dec INT
A < map_types TEXT < tones INT
0 unicodes_cjk_hex TEXT |# — —— >—— — — 1
= v » phonemes_tone_num TEXT
PRIMARY 2 final_types TEXT
PRIMARY
maps_no_UNIQUE v
graphemes_id_UNIQUE .
graphemes_no_idx PRIMARY
morphemes_no_idx phonemes_id_UNIQUE
U . 4

Figure 5.18 ERD Visualization with Reverse Engineering

5.4  Project Challenges

The challenges in this research project were the limited time given and resources as
well as limited human sources. I had contacted with the Speak Hokkien Campaign
authority to request on the data that needed in the research; however, no replies were
received. Hence, I decided to collect the data all by myself and spent several months
to rush on the research. When I further contact the Speak Hokkien Campaign
authority to ask on the diacritics symbol used, they replied to me and answered my
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questions and from that conversation, I found that there are only two persons that
managing on the Speak Hokkien Campaign Facebook page although they are under

the Persatuan Bahasa Hokkien Pulau Pinang.

The most disappointed challenge was the current technologies that could not support

the written scripts that are not written in English alphabet or Latin alphabets.

5.5  Concluding Remarks

As a summary in this chapter, data refining process was conducted correspondingly
with graphemes and morphemes mapping progress in the Mapping Table. Simply data
analysis that summarized the total number of data collected and distributions by Final
Types and Map Types were visualized in graphs. Moreover, solutions to tackle the
database importing errors were given and conducted by eliminating the special
characters that database could not decoded. Hence, ER-diagram was redesigned
together with the related data dictionaries. Re-implementation of the tables into the
database was successful and using the MySQL Re-engineering function to generate

ER Diagram of the tables in the database is the same with the redesigned ER Diagram.
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CHAPTER 6 Conclusion and Recommendation

6.1  Conclusion
As an encapsulation for the entire research report, the title of this research is
Pronunciation Modelling of Penang Hokkien Dialect for Text-to-Speech System. The
scope of this project to model the Penang Hokkien pronunciation that act as the first
step that contributes to future development of Penang Hokkien Speech Synthesis
System. Penang Hokkien have potential to be developed into speech synthesis
however, this language has obvious problems which are unstandardized orthography,
unstandardized text, et cetera due to poor documentation of lexical resources as
mentioned previously that Hokkien Association of Penang dug up the old documents
and books to prove Penang Hokkien is a language not a dialect [20]. These reasons
hinder Penang Hokkien in effort of develop a speech synthesis system for it. Hence,
this research has a responsibility 1. to collect large number of phrases and words of
Penang Hokkien for text corpus construction and standardising the language
orthographies including the romanization and Chinese characters and collect each
morphemes audio sample as pronunciation guidelines., and 2. collect large number of
sentences and articles that similar to Penang Hokkien as a future resource in selecting
the most suitable sentences for studio recording in future research project. As stressed
in previous chapters, Penang Hokkien currently is being threatened and would be
extinct approximately 40 years from now; thence, this gives motivation on this project
to take part in efforts of revitalizing Penang Hokkien Language with implementation
of current technologies. After reviewing numerous related resources, Penang Hokkien
Spelling System that created by Hokkien Association of Penang and Traditional
Chinese Characters are selected as standards of the pronunciation and orthography for
Penang Hokkien Language. During the research, an ER Diagram along with related
Data Dictionaries were designed. Three dictionaries were involved in this research
with the assistance of MySQL Database and Microsoft Excel as well as BabelStone
Han font style throughout the research progress. There are three tables were created to
implemented into the database however due to special characters in the tables, the
implementation was failed. Apart from that, tone sandhi rules had been standardized
during the research. Taiwanese Hokkien articles and Penang Hokkien sentences was
collected for contributing to future research purpose. Audio guidelines that planned to
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collect from Taiwanese Hokkien TTS System was halted due to limited time of the
research progress. Data refining process was taken correspondingly with Mapping
Table creation process and a simple data analysis was conducted. Furthermore,
solution by eliminating special characters in the tables solved the implementation
problems. The research was ended with successful Re-implementation of tables into

database that match with the redesigned ERD and Data Dictionaries.

6.2 Recommendations

This research project was the first steps of TTS System Development of Penang
Hokkien. Due to limited time and scarcity of human resources, lots of early planned
research objectives were halted and abandoned. The high complexity of Penang
Hokkien Dialects under categorization of Southern Min Language was one of the
obstacles in this research project. However, this research increased the sanity capacity
of the researchers. As first recommendation towards the future research of related
research, knowledge of different romanization of Southern Min Languages must be
acquired due to current unstandardized romanization methods were invented. This
could assist in the data obtaining process where more data can be acquired.
Furthermore, expertise of old and middle Chinese phonology and graphemes should
be participated in the research to trace the forbidden graphemes. Due to unsuitable
graphemes used to replace the forbidden graphemes by Taiwanese Ministry of
Education in their Online Dictionaries, there are lots of controversies towards the
Ministry, the graphemes taken from them are needed to compare with other Southern

Min linguists that are not working under Taiwanese Ministry of Education.
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APPENDIX

APPENDIX A Penang Hokkien Spelling System

Penang Hokkien Spelling System

|| FERETRERHERE ovuov e

Persatuan Bahasa Hokkien Pulau Pinang

spelling p- * h- ph- b- m-? t- i th- n- _ I- k- kh- g- ng-? ts- tsh- s- J-
meaning fat good scent none | porridge | (a surname) listen egg you dog leg cow hard run hand three word
example | pui ho phang bo muai tan thiann nui [V} kau kha gl ngée tsau tshiu sann ji
d-* f-b r-b sh-b w-b 7 y-* _
midwife sofa ringgit cushion we/ us affection 3 used in loanwords.
bi-dan s6o-fa ring-git ku-shérn wa-lang sa-yang b aiso used in Finals. See below.

. ¢ a variant of -io, used only with n- and h-.
—” — 3 m — m 9 a Final borrowed from Cantonese /eoy/, steal Chee Cheong Fun
pronounced by some as -ue. sér--khi tsy-tshidng-fan

package non sequitur ] invi bottle ‘easy-peasy’ obedient
pau mou-léi-thau bot-toi i sdp--sdp--séoi kuai

nn | -uin unn uainn

b
m"° 7 -ann

¢ a variant of -ionn. mem_ i -enn i C ] - -
Fassimilated diphthongs: (negation) | dress | fight sky (interjection) |  finger fear hill bright incense lock up
.“m”. >-en m sann | tsenn [ thinn hénn tsainn kiann suann | kuinn hiaunn kuainn
-iat > -et
-um? i -lam _ -ang -eng

chat
sém-bing

greed
tham

! n ! | -iang -iong |
‘plop’ (sound) | dislike dream success ringgit i village same hurt
tam tsit-siann bang séng ring-git kdm-pung siang siong
5 = 3 T

-an _ 1) yn 1an

1. @ /e/ is pronounced ee /¢/ if followed by -m, -n, -nn, -t
2.0 /o/ is pronounced 00 /o/ if followed by -m, -n, -nn, -ng, -k, -t, -i unneeded cushion dry-tossed noodles build bottle
3. u/u is prorounced o /of if followed by -m, -ng, -k. mén ku-shérn kén-lo-mi mou-tyn--tyn | kian kuan
-ah -eh -eeh -erh -ih -oh -ooh -uh -aih -auh -iah -ioh Level Rising Departing Entering
hit eight book burp fold rope oh pierce | water pipe | plump wall borrow i 1 2 / 3 \° i 4
phah peh tsheeh phah-erh | tsih soh ooh tuh tsui-paih | phauh piah tsioh Dakk | dress short trousers wide
-uah -ueh -ak -ek -eek® -ik? -ok -uk? -iak sann té khoo
Tone Mark Placement Rules: -
1. Priority:a>e>0>y>i,u cut blood horn | provoke cheque Tic-Tac luck congee smash S A 7 =9
2.ifmis a final, place on m. kuah hueh kak kek tséek tik tiak hok tslik siak ight | person | short/meh | nose straight
3. if i and u appear together, place at the back. -iok -at -et?f -ert? lang é 7 phinn tit 7
4. if oo, ee, ng are finals, place at the front. mk_..o_“um bless Kill set salad !
tsiok sat sét sée-lért 93 and 7 are identical before sandhi. |_|O Nes | congee
it ot? ut iat uat ap ip iap " Some speakers change from 3 to 1. tsiik
faint electrocute bone great | prosper | pigeon urgent connect 16 and 9 are loan syllables therefore do not change tones.
sit sot-tian kut kiat huat kap kip tsiap Sandhi Rules: 5> 7> 3> 2"> 1> 7 48
According to the sandhi rules, a syllable in the spoken language generally changes its tone if it precedes kiann®» kiann’-160’ » 160°-kué* > ‘600 _rr.vv..vn_..
another syllable. However, in the written language, syllables are marked in their original tones. Hyphens (-) . kué?'-kang® > kang'-too' > too’-tshi’ 160" pah*”®-lak®
connect syllables to form words. No diacritic mark is needed for tones 1 and 4. g.nﬁ&ﬂk}%*t&?b* G i
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APPENDIX

APPENDIX B EVUALATION LOGS

Phonemes Needed to be NaN

pe puann | mé sen hén tshén | ham tha lam khiam
pé puann | k& en phén | sén hiah thénn | lim gu
pé png uinn | hén 1én én phiann | thiann | I[im gio
pu pén tsng | bén kén pén phek | nitl liam geng
piann | peh thuinn | tén gen hén bui nah lin gln
puann | pueh | hen 1én sén tén biau ngeh | liah tsinn
puann | ne phen | kén en lén bong |jiam | kia tsiann
png le ten khén | hén kén bén a kue tsuann
pe mé then gén bén gtn beh inn kénn | tsuann
pé ngé ken tshén | tén sén bak iann | kénn | tsam
pé mé khen | sén 1€n hia meh iaunn | kuinn | tsha
pu khé pen én khén | hainn | tooh |iam kam tshoo
piann | gé tshen | pén gén huann | tiap uch khuinn | tshéeh
tshuh | sau si0 sdng | siang
Phonemes and Graphemes Needed to be Added
vV 92 1A phek V'V 2203 & pée vV 4102 88 phué¢ | Vv 2009  tid
V'V 204 15 tsée Vv 2216 3 bée V'V 4102 % phé V'V 2132 K tiap
Vv 404 X tshee Vv 2411 ®b see vV 4149 B8 phek | vV 2159 Bk gin
KYM
vV 504 1 so V'V 2438 Z phek | vV 4150 BE phek | vV 2170 & ngidu
KYM
vV 505 & tin V'V 2443 ff§ bée vV 4151 B phek | vV 2235 & bot
change to KYM
vV 521 B mut V'V 2664 % see vV 4152 B phek | V'V 2268 & ua
vV 528 Bk tshiunn | vV 2771 E mée V'V 575 I ngiau V'V 2290 & tsek
-> tshiu KYM UCT
v/ 529 IR ué VvV 2810 3E pée V'V 596 1] bué V'V 2319 £5 khué
vV 542 14 16 VvV 2810 3B pee vV 653 15 tidunn | V'V 2436 HE tiap
vV 543 Igi ju V'V 3163 g hée vV 749 @} rh V'V 2652 § thio
Vv 711 3 ngeeh | V'V 3226 % see Vv 852 I tsek vV 2874 B
UCT tshuinn KYM
vV 712 3§ phann | V'V 3470 i phin vV 890 i tsil VvV 2899 & modoh
UCT
V'V 750 T tsé V'V 3492 §& nng Vv 909 Ef ban vV 2952 ¥ ngai
vV 1224 )\ pee VV 3527 #pinn | vV 945 )| tshuinn | V'V 2964 & khng
KYM
V'V 1224 #\ pée V'V 3723 § tsuinn | vV 1008 B khng | vV 3112 25 ai
vV 1244 3B pée vV 3793 HEngée | vV 1018 B V'V 3166 B tiap
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tshidng LTR

vV 1270 #A phek

vV 3820 E& hée

vV 1038 5 tiaunn

vV 3189 8 lun

vV 1615 #E pée

V'V 3832 EE pée

vV 1238 #% 16

V'V 3223 %8 gun
KYM

vV 1629 # kée

V/+/ 3885 EA phiau

vV 1297 #k thio

vV 3295 Ff ua

vV 1741 £ phiau | v'v/ 3886 #f, phiau | vV 1321 #i kak V'V 3325 3§ tiap
ATJ
V'V 1866 i see vV 3916 5 bée vV 1382 18 V'V 3407 B tsék
tshiang LTR LTR
vV 1866 b sée vV 4060 ZE tsee vV 1403 3 nua VvV 3460 & séh
UCT
vV 1879 8 phek | vV 4074 #F khée | vV 1407 #E ngidu | vV 3475 B8
KYM tshiang KYM
V'V 1947 /& tsee vV 4102 %8 phué | vV 1554 BZ juan V'V 3489 8K 10
KYM
vV 1988 & phiau | vV 4102 %8 phé V'V 1684 # kai V'V 3586 I jia
UTC UCT

Vv 2117 JIE pée

V'V 4149 {8 phek

Vv 1718 #2 énn
CLQ

v/ 3606 BF nfig
CLQ

vV 2122 £ pée

V'V 4150 B phek

V'V 1941 ;% khin

V'V 3674 $k giap
KYM

vV 2161 3F mée

V'V 4151 & phek

vV 1976 75 ko
AT]

vV 3726 £ tidunn

vV 3902 £Z lué VYV 964 M phée | Vv 1720 # jit vV 3348 & hooh
UCT UCT UCT KYM

Vv 3943 88 tshué | vV 980 1€ mua VY 1857 3 tshim | v/ 3441 3 tio
CLQ KYM UCT UCT

vV 3995 & ngidu
ATIJ

V'V 1202 7 luang
KYM

V'V 1977 7% tsainn
UCT

V'V 3537 izt hann
ATJ

vV 4128 Bt khia | vV 1272 # khinn | V'V 2326 5 tio vV 3603 %R sio

ATJ UCT KYM UCT

vV 4133 JZ gan vV 1354 #jid VYV 2427 F hinn | V'V 3648 £5 tid

UCT UCT UCT CLQ

vV 4183 fE lek vV 1364 #] tshih | V'V 2653 4L khin | vV 3660 $f khinn
ATJ ATJ CLQ

VV 4212 8 tsek | vV 13753 khin | vV 2685 43 ki vV 3728 [

UCT ATJ ATJ tshuann UCT

VV 4217 # tshia | vV 1440 $i tshih | V'V 2728 45 gue vV 3769 B sé

CLQ KYM ATJ KYM

V'V 4227 iE sa
UCT

vV 1497 & tsann
CLQ

vV 2812 HE hinn

V'V 3782 g khiah
UCT

V'V 844 = tsai
UCT

vV 1528 BT hin
UCT

vV 2961 3 min
ATJ

vV 3906 £4 ann
UCT

B-2
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vV 864 §Z it ATJ

vV 1637 & jid
UCT

Vv 3073 5%
tsiaunn UCT

vV 3981 f jit
UCT

vV 3981 # jit
UCT

Vv 4072 18 eu
KYM

vV 4085 J5 fg
KYM

vV 4057 EF konn
KYM

Vv 4081 ZE tsann
UCT

Vv 4099 B hann
ATJ
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