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ABSTRACT

Hokkien is a dialect of Chinese spoken in many countries such as in Singapore, Taiwan and
China. For example, Minnan is spoken in Taiwan and Philippine Hokkien (lan lang oe) is
spoken in Philippine Chinese group. Hokkien spoken in different countries and even within a
country itself might vary in terms of pronunciation and vocabulary from one place to another
where dialect occurred. There are several Hokkien dialects can be found in Malaysia such as
in Johor, Penang and Kedah. In this study, Penang Hokkien (PH) is focused as it is very
distinctive. PH is a dialect spoken in Penang, Perlis, and Kedah. In this thesis, an approach to
generate pronunciation dictionary of PH is proposed. Besides, unique words of PH are
determined which include borrow words from Malay or English. The pronunciation dictionary
generated will be useful in building PH text-to-speech (TTS) system. The TTS system will be
useful for those who like to learn PH. Besides, it will help to preserve the dialect and culture
in it. The system is also useful in some different places that require TTS technologies such as
in local animation film. Last but not least, it can be a useful tool for communicating with the

local.

Keyword — Penang Hokkien, Graphene to Phoneme (G2P)
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Chapter 1: Introduction

1.1 Introduction

Hokkien is a dialect of Chinese spoken in many countries such as in Singapore,
Taiwan and China. Hokkien spoken in different countries and even within a country
itself might vary in terms of pronunciation and vocabulary from one place to another
where dialect occurred.

There are several Hokkien (PH) dialects can be found in Malaysia, and PH is one
of the dialects. This dialect mostly spoken in Penang, Perlis, and Kedah. Although it
used by many states but PH is not simple to learn as it does not have formal writing
system, pronunciation, and also it mixes much with the borrow words. All of these
cause non-native speakers hard to understand.

In this research, the unique vocabularies in PH need to be found out. Besides, the
phonemes set in PH will be identified. Finally, pronunciation dictionary for PH is

developed.

1.2 Problem Statement

Penang Hokkien is a dialect language that used in many states especially in Penang
state but there is an issue which is it does not have its own or formal writing system and
also pronunciation dictionary. As there are quite many words in PH is borrow with other
language or dialect, such as the word mata (English: police) in PH, it is a Malay word
with the meaning of eyes, but, in PH, it brings different meaning which is police. All of
the borrow words do not have formal documented pronunciation. Hence, it might be
challenging to develop pronunciation dictionary for PH as it does not have writing
system, quasi-unknown unique vocabularies and phoneme set. Furthermore, most of
the youngest are using Mandarin and English that might cause PH becoming extinct
language in future.

In short, the problem statement shows below:

Problem 1: Unidentified of unique vocabularies of Penang Hokkien
The unique vocabularies of PH are identified. This would happen because the PH
dialect is keep changing and combined with other language (Chen and Chen*, 2018).

As mentioned in (Chen and Chen*, 2018), Nowadays, there are a lot of people do not
1
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know how to speak with PH. Therefore, they will mix the PH with other languages. The
number of native speakers who speak well in PH is gradually decrease. Because of

mixture of language, it makes lot of unique vocabularies form. (Chen and Chen*, 2018)

Problem 2: Unknown phoneme set of Penang Hokkien.

The phoneme set for PH dialect is unknown as it does not have formal writing
system. It is also due to it has mixed of other language as Malaysia have some different
ethics with different spoken languages or dialects (PEOPLE, POPULATION AND
LANGUAGES OF MALAYSIA | Facts and Details, 2019). Since there are a lot of loan
words, they do not have actual phoneme set in pronunciation. As mentioned in the
research of “A Study of Penang Peranakan Hokkien” (Teoh, Lim and Lee ), PH is using
lot of Malay words and all of these words have changed to different pronunciation,
some may keep as Malay sound but some may change the tone to PH. With these
changes, it causes unknown phoneme set in PH. Some might use the similar word but

with different pronunciation and meaning.

Problem 3: Inexistence of formal pronunciation dictionary of Penang Hokkien.
There are a lot of dictionary of PH in online website (Speak Hokkien Campaign,
2017), (International Phonetic Alphabet (IPA), 2020) but each of the websites are using
different style or phoneme set. Therefore, there is no formal pronunciation dictionary
for PH. Besides, PH consists of many unique vocabularies that making the task of

developing PH pronunciation dictionary becomes more challenging.

1.3 Motivation

Penang Hokkien is a traditional dialect and recently the population of using PH in
the Penang area is reduced especially for young generation. According to The Star
Online, it has mention that used of PH is slowly disappearing and is slowly replaced by
using Mandarin and English. (Wong 2017). Currently, many of the younger generations
are not able to speech PH since most of the family, their family language are English
or Chinese and many of the newborn family their parent unable to speech Penang
Hokkien. This situation will happen is because English had become a national language
so caused most of the family to teach their child with English when they starting to
learn the language. Besides, during 20", Dr. Sun the person who started to promote and
introduce the use of Mandarin for gathering all Chinese subgroups and the purpose he

2
Bachelor of Computer Science (Hons)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



doing this is want to prevent conflict (The & Lim 2014) this causes the Chinese
language (Mandarin) gradually replaced the origin dialect such as Hokkien until today
Mandarin become a subject that must be learned in primary school and become a
language used in normal life for communication with other. So, this becomes the reason
causes missing of formal pronunciation dictionary for PH. Therefore, to let the youngest
generation learns to speak PH correctly, pronunciation modeling is needed as compared
to teach them through writing, speaking is faster and easier to learn. Besides, with

pronunciation modeling, the youngest who want to learn become much more easier.

1.4 Project Scope

The goal of this project is to develop pronunciation dictionary for Penang Hokkien
(PH). It not only can show the general PH vocabularies, it also can show the unique
vocabularies of PH such as words that borrow from Malay. Thus collecting material of
PH is required. Next, the project will focus on letting the computer understand and
recognize the unique vocabularies, the phonemes belong to. The Natural Language
Processing (NLP) have the ability to let the computer to understand human language
nor matter in text-type or speech-type and also let computer ability to determine which
word belongs to which phonemes. Speech synthesis technique is used for processing
the input and output. To make it process, there are some algorithms need to apply such

as an algorithm to recognize the phonemes.

1.5 Objectives

There are three objectives in this project.
e To identify the unique vocabularies in Penang Hokkien.
e To identify the phonemes set in Penang Hokkien.
e To develop pronunciation dictionary for Penang Hokkien.

Objectives Problem Statements

Identify the unique vocabularies in | Unidentified of unique vocabularies of
Penang Hokkien Penang Hokkien.
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Identify the phonemes set in Penang | Unknown phoneme set of Penang
Hokkien Hokkien

Develop pronunciation dictionary for | Inexistence of formal pronunciation

Penang Hokkien dictionary of Penang Hokkien

Table 1: Mapping of Objectives and Problem Statement

1.6 Impact, significance and contribution

By having the pronunciation dictionary of Penang Hokkien (PH), the dialect
becomes more complete as grapheme and phoneme that suitable for Penang Hokkien
is generated. Next, the task of learning Penang Hokkien becomes much more easier. In
this project, collecting the Penang Hokkien data, and identification of unique words and
general words in PH will be conducted. Graphene to phoneme conversion rules for
Penang Hokkien are also crafted. Finally, PH pronunciation dictionary is developed

which consists of word, pinying, and also phonemes to represent the pronunciation.

1.7 Background Information
Penang Hokkien (PH) is a dialect of Chinese (Mandarin) language, and this dialect
language are originally comes from Fujian (jii ), China. In China, it names as
Hokkien. The origin of Penang Hokkien is from Southern Min dialect of Zhangzhou
(Soon 2014; Hing 2017). The reason Hokkien language will bring into Malaysia this
country is because there are many Hokkiens (iifi & A) are left from China and the
reason to left is to search for a better place and also to left from war in China. Since
during that time, not only people need to pay expensive tax in China, they also live in
fear because war is getting nearest. Therefore to get a better life style and far away from
war, they started to move out from China and this is why they will reach in Penang and
this is why Hokkien will occur in Malaysia. During that time there is no national
language which mean heir communication is poor, therefore, most of them speak with
their own dialects such as Hokkien, Cantonese and other but not speak with Mandarin.
Compare to the old generation PH, nowadays PH is changed to become modern
language style as it mixed with different language dialect and not as pure as in old
generation. So Penang Hokkien has become a new dialect in Malaysia and it is different
4
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from China Hokkien, Taiwan Min-Nan since Penang Hokkien had to borrow with other
language or dialect such as Malay, Mandarin, and English. Penang, Johor, Malacca,
Kelantan, Terengganu, Kedah, Perlis, and Sarawak most of this state are using Hokkien
to communicate. And PH used by most people in Penang, Kedah, and Perlis. So it is
mainly in the Northern region of Malaysia (Teh & Lim 2014). A dialect is important
to be studied first is all dialect is kind of traditional next it is important as with know
well other person dialect it will make your life easier when communicate with other,
third it is important as with a complete dialect it can improve the current voice recognize
level and also can bring more benefic to other such like can help those person who
cannot speak and blind people express out what they want.

The technology that will use in this research is speech synthesis. Speech synthesis
also can know as Text-To-Speech (TTS). This research will use TTS as TTS it able to
convert the text into speech which can help it pronunciation out the word. In TTS there
has a process name as grapheme-to-phoneme (G2P) which can match word to it
phoneme so that in the end the system know how to sound the word. Example borrow
book in PH is tsioh tsheeh give the word with phoneme become /ts/ /ioh/ /tsh/ /eeh/
using this phoneme after train it able to pronouns it.

Taiwan Minnan IPA will use in this research. The main reason using Taiwan
Minnan IPA is due to Taiwan Minnan are using it for converting graphene to phoneme.
Since Taiwan Minnan is almost similar to PH therefore it is a best way to use it as a
base. To converting graphene to phoneme first need to create out suitable grapheme
and the converting rule, rule is the core in the G2P since it is the place that form correct
phoneme.

In this research, will focus on identify the unique vocabularies in PH such like the
loan word da break (stop the car), identify the phonemes set in PH such like /kha/ (leg)
the phonemes is /kh/ /a/ and last using combine it to develop pronunciation dictionary
for PH.

Although PH is used by many states, but there is no formal writing system for PH
beside this there also do not have a formal or complete pronunciation dictionary for PH.

Therefore to create a pronunciation modeling speech synthesis technology is needed.
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Chapter 2: Literature Review

2.1 Penang Hokkien

According to the Lim and Teh (2014) research, it stated that Penang Hokkien is a
dialect that speaks the most in Penang state. PH is the language that came from Fujian,
China. Because of the assimilation with the local culture PH is identified as a variant
of Minnan. This language will come to Malaysia is because during the early state in
Malaysia there a lot of Hokkiens came to Penang for trading and livelihood. Besides,
the earliest Chinese group live in Malaysia are Hokkiens and during that time many of
Chinese people in Malaysia are spoken with Hokkien since it is the biggest dialect and
also because at that time there is no national language, therefore, all people are saying
own dialect such as Hokkien, Cantonese. The first group of Chinese settlers in Malaysia
came to Georgetown, Penang.

PH language has changed because of several issues one of the issues is because
Malaysia have different race and this causes people started to borrow the other dialect
or language word one of the reason will borrow the other dialect is some word is must
easier to say compare to using the original word, as keep longest it became the new PH
which mixed with the Malay, English word and it is different with early Hokkien. PH
borrow the word from Malay and the other local language such as the word pun in
Malay the meaning of pun in Malay and PH is different. (Hing) the second reason for
PH language has changed is because nowadays the use of PH is declining and this
makes many of traditional PH word missing and this situation might keep going.
Although PH will not totally disappear in Malaysia since there still have family take
PH as family dialect, PH language will change become mixture with a lot other
language or dialect as some of the words do not know how to say or mention it with
PH.

In the research of (Teoh, Lim, and Lee 2017) they have classified certain loan words
in Penang Peranakan Hokkien (PPH). Such as in animal area, buaya for crocodile, katak
puru for the frog, kutu for lice, chacing for worm and other. Not only in the animal area,
clothing, accessories also included example anting for the earring. And this of the word
also used in PH however there also some word in PPH is not applied or used in PH such
like mosang is not used in PH as in PH word it is named as hor lay. There also Malay
word used as verbs and adjective. Such as the word laku which mean for saleable,

6
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pantang mean for superstitious and other. There also use of imagery in Malay loan word
such as haram mean as bear a grudge, kesian mean as pity, mabok mean as drunk. All
of the words have to make the PH evolve to modern PH. And because of the word is
belong to Malay it causes they are not listed in Hokkien dictionary beside that the
pronunciation of those words is also not the same as pronunciation in Malay. It using
Hokkien vowel and consonant to pronounce. Therefore, to do pronunciation modeling

for PH, the loan word must be collected and provide the PH phoneme to every word.

2.2 Way to get Data Collection for unique words

There is a lot of ways to do data collection, and the data collection is an
important part it must be reliable. Since the data is used to run the whole research if the
data wrong it means all the result become unreliable and is error. There are many ways
to collect material one of the way is to collect the data through the reliable book, article,
web, lexicon and also a dictionary (Kabir, Syed Muhammad, 2016). One of the
research the researcher get the material from The Ministry of Education launched the
online =i [ F4 35 % sl it (Taiwan Minnan dictionary), beside it also get the
material from Mandarin-Taiwanese dictionary. and there also research get the material
from LDC Iragi-Arabic Morphological Lexicon. Beside of this the material also can get
by record the conversation of two or more participant. In this research, will get the
material from the =218 [ §4 35 FH il L (Taiwan Minnan dictionary) as a base this
is because there is no official Penang Hokkien dictionary, writing system and phoneme.
To make sure the data collect is correct, four participant will be attend to record their
conversation in the conversation there will mixture of PH general word and also the
unique word. And last the !5 2K P4 s dE 1754 (Penang Hokkien Accent) will be use as
guided.
2.3 Phoneme Identification

According to the research system and method for pronunciation modeling
(LJOLJE et al. 2010). To model speech having different dialects, pronunciation
modeling is a way that can make it. There are two standard way of pronunciation
modeling in art is human linguists manually creating pronunciation dictionaries and

automatic approach creates acoustic clusters. Compare to traditional pronunciation

Bachelor of Computer Science (Hons)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



modeling techniques are not very able to address dialectal variation because it is easily
recognized and it is slow and expensive.

According to the research Dau, Ren, et al. (2005), a bi-lingual large vocabulary Speech
recognition experiment based on the idea of modeling pronunciation variations are
described. The goal of this research is to convert Taiwanese and Mandarin speech into
a Chinese character. In this research will develop one-pass, three-layer recognizer and
the performance of recognizer will be determined by three different pronunciation
models. The three models are bi-lingual acoustic model, integrated pronunciation
model, and tree-structure based searching net.

Knowledge-based and data-driven approaches are combined with an integrated
method and are used during the pronunciation model. In this paper, the experiment
result showed that if using three different pronunciation models it can improve the
character error rate. The best performance for test mandarin and test Taiwanese is
16.2% and 15.0%.

Based on Bellegarda (2016) research, state that pronunciation modeling is the
process that provides a suitable phoneme to each word in a given vocabulary. Therefore
the important thing to speech-to-text or text-to-speech is having a good pronunciation
modeling. This is because phonemic expansion is the need for the selection of the
proper Text-to-speech unit from which to generate the desired waveform.

To create a set of phonemes there is two way can be used which is the linguists manually
create each entry and the other way is automatically derive pronunciations from the
word orthography. Linguists manually create is a way that often subjects for
inconsistencies inconsistencies and inherently dependent on the language considered.
And for automatically derive pronunciation it is more on the processing of unique

vocabulary word assign with the phoneme. (Bellegarda 2006)

Traditional  pronunciation  modelling | human linguists manually creating
technique pronunciation dictionaries and automatic

approach creates acoustic cluster

Expensive and slow Less expensive and more faster

Not able to address dialectal variation Able to address dialectal variation

Table 2: compare of Traditional technique with Standard modelling technique
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Before 2010 there also research state that there got two way used to create phonemes
which is linguists manually create each entry and automatically derive pronunciation
from the word orthography. However there will have same problem in using in PH as
PH is mixed lot with other dialect this make hard to know all the PH dialect therefore

to manually create each entry it may a challenge.

2.4 Grapheme to Phoneme

Grapheme to Phoneme conversion (G2P) is a process of converting word to
phonemes, by using the G2P algorithm (Jurafsky & Martin 2009). Such like predicting
google to /gu g @ I/ (Rao, Peng, et al ) when using G2P. The phoneme is the sound
that distinguishes one word from another. Such as in PH 1 (run) is /tsau/ it has 2
phoneme which is /ts/ /au/ Grapheme is known as the spelling choice to represent the
phonemes or grapheme is the letter that represents a phoneme. In joint-sequence models
G2P it divided into 3 parts which is Aligning: aligning au -> u, Training: learning au -
> u conversions and Decoding: finding the most suitable pronunciation given the
model. (Bisani and Ney 2008).

According to (Rao, Peng, and et al 2015) research. The G2P conversion is using
based on Long Short-Term Memory (LSTM) recurrent neural network (RNN). The
contextually-aware decision is able to make by using LSTM as LSTM are able to take
more than a few graphemes before it came out any phoneme. RNNs is suited for
sequence modeling tasks as it can process the current input by using cyclic connections.

Therefore it is suitable for phoneme recognition also handwriting recognition. But
RNNs consist of some weakness which is having trouble to the vanishing gradient and
exploding gradient problem. Therefore LSTM RNNSs is used to solve the problem. To
implement LSTM based G2P, configured LSTMs by a number of graphemes and
phonemes is set to be equal to the input layer of size and the output layer of size. Output
layer with softmax activation and cross-entropy loss function is set up for unidirectional
LSTM together with 1024 memory unit. In (Rao, Peng, et al 2015) research, they using
phoneme error rate (PER) and word error rate (WER) to evaluate the performance. The
resource is using the publicly available CMU pronunciation dictionary, 2,670 words
are used to find the stopping criteria during training, and 12,000 words used as testing
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and so it is directly comparable. In conclusion, to perform G2P conversion, LSTM-
based architecture, is suggested to be used.

In Yeong and Tan (2011) research, there also have used some of the G2P methods.
In this paper it not only apply grapheme information, but it also combines with syllable
information and word sequence information to identify the language for word. Firstly
the experiment is started by using syllable structure information. Using the syllable and
sequence of the syllable in a word it can predict the language of an unknown word.
Before the word merged into syllables the words are segmented to a sequence of
graphemes. To know the presence of the unknown word is belong to Malay or English,
chain rule applies to calculate the probabilities. And because of limited training data,
n-gram will be applied to calculate. Next the language identification by using
grapheme. The only thing that needs to change is replacing the syllable sequence to
grapheme sequence. And last combine the three methods by using interpolation to do
language identification. In conclusion, it shows that the interpolation result is better to
compare to a single approach.

In research (Tan and Malancon) it also used the G2P to generate the pronunciation.
It mentioned that to identify the pronunciation of unknown words it is better to use G2P
as by apply G2P rules it can predict out the pronunciation belong to those words. In this
research, it using the G2P for generating the pronunciation dictionary for Malay
automatic speech recognition system (ASR). Since the G2P is a rule-based system,
therefore, it is flexible for adding, removing and handling. To detect the pronunciation
of a word, morphological and syllable tool can be applied and this tool is contained in
G2P. In this research eight G2P conversion rule applies the example of some rule like
general replacement rule, every grapheme is designed to Malay phoneme by default.
Duplicate grapheme rule, the same graphemes are changed to single phonemes.
Because of the Malay text also will have chance appear of an English word. Therefore
it needed to use other approaches to generate it. First, need to get know that the word
belongs to English, therefore, need to compare with the English dictionary. Next, the
nearest English phonemes to Malay phonemes will be mapped. In this research, it shows
that using G2P to generate the pronunciation dictionary it can product must better

compare to using the manually verified.
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Advantage Disadvantage

LSTM RNN LSTM make | RNN have trouble to
Contextually -aware | vanishing gradient and
decision able to make | exploding gradient

RNN can process current | problem
input by using cyclic

connections

Combine of grapheme, | Can predict language of | More suitable for short test

syllable information and | unknown word sentences

word sequence information

Table 3: advantage and disadvantage for some G2P technique

2.5 Tone Sandhi

Tone sandhi is change occurring in tonal language, so every single words will
assigned with tones. It normally used to simplify the tone, like from bidirectional to one
direction. Tone sandhi used in many language such as Taiwan Minnan, China Hokkien,
Teochew, Mandarin Chinese. Some of them will has complex system, example the
syllable will change into a different tone, and the every tone changed is depend on their
final consonant which mean almost all the word are keep changing the tone. In Taiwan
Hokkien there will have seven tone, in this seven tone there have two tone name as
checked syllables and the other five tone do not stop which will always keep changing.
In the research Jane S. Tsay (2007) they using the tone sandhi into the G2P process,
tone sandhi will acts as a core during G2P process since it is conversion rule, therefore
the rule must be correct so that the graphene can generate.

In the research (Liang, Yang, et al. 2004) research, they describes about the
Taiwanese Text-to-speech system for language learning. In the research, tone sandhi
has been used as one of the manual transcription, the reason used is the mandarin and
Taiwanese is tonal language. There are 3stage in this research which is collect new data
from internet, the next stage is select out a set to cover all Chinese characters and
minimize number of sentences. The last stage is compare the automatic transcription
with manual. In this paper, the researcher using the traditional way which is consist
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seven lexical tones. Every tones have their different pitch and name which is High-
Level, Mid-Level, Low-Falling, High-Falling, Mid-Rising, High-Stop, and Mid-Stop.
The name is started from tones 1 to tones 7. In this paper the result show the
performance in tone sandhi is 65.43% in Expertl and 62.43% in expert2. In conclusion,
the researcher successfully constructed Taiwanese TTS system, and most of the
mandarin task can successfully change into Taiwanese.

In the research (Lunn, Lau, et al. 2007), it clearly show that the purpose of taking
this research is to solve the problem happen in Taiwan Minnan tone sandhi system. In
this research, the researcher will using the Taiwan Minnan text as the source, and
translate it into Chinese word. And next, will access to the Chinese Electronic
Dictionary (CED) to get the Part-of-speech (POS) information. The purpose of taking
POS information is to use together with the tone sandhi rule to mark every syllable with
own post-sandhi tone maker. And finally, the Romanized word will take as an input
into the system and last generate out the outputs the tone makers. To complete this part,
implement the Taiwan Minnan tone sandhi processing system is needed. In this paper
result it get a high accurate with is 97.39% in training data and 88.98% in testing data.
In this paper, the tone sandhi also using the traditional way which have total seven tone.
This seven tone is name as following sequence 1: im-pia™ (high flat), 2: siang (high to
low), 3: im-khi (low), 4: im-jip (middle short), 5: iang-pia™ (low rising), 7: iang-khi
(middle flat), 8: iang-jip (high short). In this research also mention that in the world
level, basic tone are normally pronounced in the last syllable. Which mean every word
in the last syllable is not follow the tone sandhi but the other will using tone sandhi. As
an example in research: tdi (platform), tai-gi (Taiwanese language). The word that
pronounced as basic tones is the word that have underline, and without underline will
pronounced as sandhi tones. In this research also state that sandhi tone will have several
way to manifest itself. This several way is name as Normal sandhi, Following sandhi,
Neutral sandhi, Double sandhi, Pre-a sandhi, Triplicate sandhi, and the last is Rising
sandhi. By using all the tones sandhi and POS create out a suitable tone sandhi rule for
the system. As conclusion in this paper, the research is successful.

Base on the two research above, it show that tone sandhi is very suitable for

Taiwanese Minnan, since Penang Hokkien is almost same with Taiwanese Minnan.
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2.6 Speech synthesis

Speech synthesis is the computer-generated simulation of human speech. (What is
speech synthesis? - Definition from Whatls.com, 2005) Text-to-speech (TTS) system can
provide the function to convert the text to speech. And it is divided into two part which
is front-end and back-end in this paper will focus on front-end. In front-end, first is need
tokenization the text which converts the text into the equivalent of written-out words
and next will passed to do phonetic transcriptions to every single word. This process is
known as grapheme-to-phoneme (G2P).

> Text > | Intanation | o | Wave Form >
Analysis " | Generation
Text Utterance Utterance Speech
Composed Composed
of Words Linguistic of Phonemes

Analysis

Figure 1: Overview of a typical TTS system

2.7 Hidden Markov Model (HMM)

HMM known as a probabilistic method. To determine the best possible
sequence, the joint probability of a sequence of hidden state is needed, to joint
probability of a set of hidden states, HMM is allowed to do. In the research Ungian lunn
(70 5) (2009) there are using the HMM probabilistic model to train the training data
to get the most adequate Mandarin word. After selected the word Maximal Entropy
Markov Model is used to the classifier. With this, the result gets a high accuracy rate
of 91.5%.

X —states
y —possible observation
a —state transition probabilities

b —output probabilities

Figure 2: Probabilistic parameter of a

HMM (Automatic Speech recognition

system | Voice recognition | Auth&, n.d.)
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Chapter 3 Methodology

3.1 Introduction
In this research, unique vocabularies in Penang Hokkien (PH) will identified, and
the grapheme that suitable to use will be listed and the grapheme-to-phoneme (G2P)

conversion rules will crafted. Figure 3 shows the overview flow for PH pronunciation

modeling.
Unigue vocabulary of . |
Finding Material of Fenang Hokkien Of”":,q;fa:‘]ﬁg;'&?é;
unigue vocabulary Qut of Vocabulary Iigt
word
Combine of -
Unique Vocabulary Z:;T;::;ft;?,?
and General .
Vocabulary Penang Holkien
Get vowel, Phonemes set for
Detect the vowel, ) )
consonant belong ] cton_sgnant Un|qu3 gocabullar;-
to Penang Holkie IS of Fenang and General
Hokkien ‘Vocabulary

Figure 3: Basic architecture of Pronunciation Modelling for Penang Hokkien

According to the Figure 3, the whole research will begin with finding out the
material consists of a unique vocabulary of PH. And next is get the unique vocabulary
of PH the last step for this stage is listed out the unique vocabulary of PH. For the other
stage, firstly determine out the vowel, consonant of PH. After finish, will get a list for
Penang Hokkien vowel and consonant. Finally for this stage will set phonemes for
unique vocabulary and general vocabulary of PH. After completion of this two-stage,
will combine unique vocabularies and general vocabularies together with the

phonemes. Finally, the pronunciation dictionary for PH is created out.

3.2 Data collection through Conversation Recording

Penang Hokkien does not have writing system. Therefore, to collect PH text, the
most suitable way is to conduct conversation recording between 2 or more people.
Then, to find out the unique words in PH, alignment between text in Mandarin, English
and Malay is conducted. The unique words are then extracted out and included in

pronunciation dictionary of PH.
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3.3 To determine Unique vocabularies in PH

1

Collect of Data

!

Convert conversation to word

!

Prove the unique word

!

Create unique word list

1
=

Figure 4: Sub flowchart of determine unique vocabularies

Figure 4 shows the sub flowchart of the stage one which is to identify the unique
vocabularies in PH. At the beginning of this process, it is to collect of the data where
conversation recording in PH is conducted. After finish recording, the conversation in
PH is transcribe into Mandarin. Task in this task it consist of general word and also the
unique word. So to prove the unique word is borrow word so align method is taken to
compare. With this all the general word and unique word will be separate out. Last

create a list that consist of all unique word in the dialogue.
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3.4 To determine the phoneme set in PH

Create Rue

Create Phoneme of
Penang Hobiken

Figure 5: Sub flowchart of determine phoneme for PH

Figure 5 shows the sub flowchart of the stage two which is to identify the
phonemes set in PH. At the beginning of this process, it is to find the suitable graphene
for PH. Since PH is almost similar to Taiwanese Minnan, grapheme of Taiwanese
Minnan will be used. To find out the possible grapheme of PH, a website (Speak
Hokkien Campaign, 2017) is used as reference. The next process is to Romanize the
Hokkien which means it is to romanize the Mandarin words into Romanization word.
It is similar to pinyin for the Romanized process where we use the information from

Taiwanese Minnan and also the website about PH (Speak Hokkien Campaign, 2017).
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After that, phoneme to phoneme conversion rules are crafted to convert Taiwanese

Minnan pronunciation to PH pronunciation.

3.5 Pronunciation modeling for PH

1

combine the Unique and
general word

il

combine the phoneme
into unigue and general
wiord

lL

Pronunciation Dictionary

Figure 6: sub flowchart of pronunciation modelling for PH

Figure 6 shows the sub flowchart of final stage. First, all possible vocabularies
of PH are listed which include the general vocabularies and unique vocabularies. Next,
the pronunciation of those vocabularies will be generated where pronunciation
dictionary of PH is developed.

3.6 Implementation Issues and Challenges

One of the difficult issues and challenges in this project is to collect the Penang
Hokkien data. In current stage, there is lack of Penang Hokkien data set, the reason is
Penang Hokkien does not have official written word, almost all the Penang Hokkien
people are writing by using Chinese word but speak with Penang Hokkien. Therefore,

some of the words and pronunciation are totally different. Besides, there are also some
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Penang Hokkien words that totally cannot written in Chinese words. So, to solve this
problem, first is to use the Taiwan Minnan as a base since most of the general word in
Taiwan Minnan is same with PH. There is a complete Taiwan Minnan pronunciation
dictionary (ZL 7 H52 8 [ /e 75 FH 57 %% 4, 2011) can be found online. Next, to solve
the unique vocabularies that do not appear in Taiwan Minnan and Chinese word,
conversation recording among Penang Hokkien native speakers is conducted and also
extracting out from the PH official website. The next challenge is that there is almost
no proper list of grapheme and phoneme for Penang Hokkien. Hence, grapheme to be
used in Penang Hokkien need to be identified. Again, Taiwan Minnan is having almost
similar vocabularies and pronuciation with Penang Hokkien. Therefore, grapheme used
in Taiwan Minnan will be applied to Penang Hokkien with some modification. Next, to
identify the phoneme set in PH, phoneme-to-phoneme conversion rule will be crafted

from Taiwan Minnan to Penang Hokkien.
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Chapter 4: Experiment and Results

4.1 Data collection

In this research the data collect is get by recording the conversation between
people by using Penang Hokkien. To get the real conversation that will talk in Penang
so in this research, a family with 4 person is been invited to record their conversation
in their daily life. The conversation is around 16 minute and 31 seconds. And this
conversation can be categories as short daily conversation. In this conversation, it
include of some food, daily equipment, transport, and also emotion word. The language
use in this conversation is Penang Hokkien which include of the unique word. Such as
kopi (coffee), mata (polish), alamak (oh my god) all the word had occur in the
conversation. Beside collect the data by using record method, in this research also get
the unique word from the PH website, then will combine together become a set of

unique word data.

Number of participant 4
Total duration 16 min 31 sec
Category 1

Table 4: Detail of dialogue

4.2 Unique vocabularies in PH

In Penang Hokkien, it consists of general words and unique words. Those words
that are belong to unique words or borrow words will be identified. After the
conversation recording, it is transcribe into text using Chinese words. The transcription
will then translated into Malay text. Next word-based alignment is conducted in order
to find out unique words in PH. In this process, Praat is used for alignment. Figure 7
below shows the sample of alignment. The sound recorded will align with the Chinese
words. By using the Chinese words will then align to each same meaning Malay words.
Those words that same with or using Malay words will be place at same section with
Chinese words.
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Total duration 150.000000 seconds

ST BT NS D NCT AR |

Figure 7: Praat data alignment

After the word is convert to Mandarin word with unique word (Malay or English), will

save as a text file which shown as in Figure 8 diagram.
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£ sound4text - Notepad
File Edit Format View Help

File type = "ooTextFile"
Object class = "TextGrid"”

xmin = @

xmax = 15@

tiers? <exists>

size = 2

item []:

item [1]:

class = "IntervalTier”
name = "Chinese text"”
xmin = @
xmax = 350

intervals: size = 358
intervals [1]:

xmin = @
xmax = ©8.119271080836211415
text = "£0"

intervals [2]:
xmin = ©.1192716886836211415
xmax = 8.559827849380323
text = "Lesen”

intervals [3]:
xmin = ©@.559027849380323
xmax = 8.6867714799843158
text = "JL"

intervals [4]:
xmin = ©@.6867714799043158
xmax = 8.9812869769863692
text = "Bf"

intervals [5]:

El sound4text - Notepad
File Edit Format VWiew Help

xmax = 143.41776943573558
text = "bye"
intervals [358]:
xmin = 143,41776943573558
xmax = 258
text = ""
item [2]:
class = "IntervalTier"”
name = "Malay text”
xmin = @
xmax = 358
intervals: size = 262
intervals [1]:

xmin = @
xmax = 8.11927108036211415
text = "eh”

intervals [2]:
xmin ©.11927108036211415
xmax = @.5598278493808323
text "lesen”

intervals [3]:
xmin = ©@.559027849380323
xmax = @.9812869769863692
text = "bila"

intervals [4]:
xmin = @.9812869769863692
Xmax 1.5136218113954596
text = "tamat tempoh"

intervals [5]:
xmin = 1.5136218113954596
xmax = 2.334753534015218

Figure 8: Text file that save the align word

All the Chinese text in text file are selected out and save in a new file, then the new file

used to count the total word and total general words. In this research, jupyter notebook,

python is used to do data analysis. The total words, total general words, total unique

words are calculated and recorded as in Table 5 below. Percentage of unique words
used is (732/ 3390)*100 =21.59%. The formula is percentage of unique word = total

unique word / total word. So there is 21.59% is unique words.

Total number Total General Total Unique Unique
word word word word found
3390 2658 732 21.59%

Table 5: Record of word occur in dialogue
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lines4 = [line4.replace('\n', "' '}for line4 in lines4]
lines4 = [lined.replace(' ™", ' ')for line4 in lines4]
lines4 = [lined.replace(’ ', '")for line4 in lines4]
lines4 = ''.join{lines4)

line = linesl = "\n' + lines2 + "\n' + lines3 + "\n' + lines4

with open('alld g.txt’, 'w',encoding="utf-8') as f:
f.writelines{line)

line

out[48]:

In [56]:

Z at
with open(

EER TIHFE £ E &2 4niaE 4 TiT Ebat ik R M AMEE M sarongZ BHHTAEMUE SEIZ Fbatik M EMF TS L lbat ikWS R EF
X Fbat ikEH RMHE M tolong S EFM T FE MR & B 7 T EWEM R SR WLk N Ebagan MR T — T T # A5 B Hifljiokad jio
kakham {738 T & T- £ 05038 7 FI8 T T IP%] iokakham® & ¥ AL F— TR BTN PR  ioka TR MIBE T H 2 & Filtongkat EEWT R E IS
ﬁs%?lﬁﬂffﬁi#TZ:E‘E‘L‘E‘L}‘?M@%TW%TLWETM#771*:ngk=t$)2’|\1#1#32’|\zﬂ[§UJFE%(TEto gkt — Bifrtongkatid TREX TRAARARKSH

BIE) L ampan ¥ f2 3k — LERE K I R KSR £7 8 H AFIR 2R A 0 B AR ARl A SRIL K LT E I S M M iampan ¥ 2k —Lniart R NHELE BiEH

LT AT IS EE EEE RN Flalorstari Fl % — 1 LA B B RIBEE — T idpenangZairitanffZE W BIMINE &M E T A IR RS0 IET

EWEEEsofa L EEMHE—T % Fbaru iniaF—T F— TUHMEIEHE FIman ikERELE R W #bot toi B EIT2 & B I = 1B AE T M it 2 BB ies
TP EE R AN = 1B R R MR R E R R EE R T T MBI LSRR RS X pasar BEIEREE X A E EsukalT KRR
ZIRERE—ER P REE T 4 LR REERE LM E— IR TR RS1e% — ExickoMbaruit B 2 2 0 BT i frA0 3 (11— d8 5 T IR

THEEIRE 4 s izl 45 BrokokHAZE N1, £ 25 11 BA 7K 1 BA K 3 5 51 22 8 w08 1 AR AN 0P o ko k BNIE \n S 23R R IRTIGG b L, 25 12 190 22 2 i B s SS9 4,

H ] LL T EGE A i sy IRV IR 1 P B S RIS 7R & i & E RIS A blpun B 125 M 22 M = 10 #11 Tpun® 208 438 4 T FFHIRTIE-- Z ATR T
ARMBFERRE T WITE baru S35E 2R kol ik i s £F A —EFHNE EihE EfRMimisy i E T 72 MFE S E kX B EE0
B RETEE TFEREIET LA CEREBEEE+Z S TIHEbarus %W F T R5 A KR %R Ztomysmbi T 52 % Laksall R 2 Bi51aksaasam
laksa T 01115 L5 FRTTHE IR 110 H £ HESRIE 1758 = amba 100 R 45 Hdd 2 IR 8 K kopi IEFT BLHE T kopio #HIEIRIM BT L {77 28 Fkop i#HImeh Rkopi$
Bl {05 R T baruF 18kop 161 B £ b Hkopi 5% T HiHHT B 3 15 & 8 WM 1 3 A kopi fs MRS IE A Epun R IR B 45 ATRMLH #7118 kopi AT B IS HIE
HEITEE—Drojak B Elaksa AR & ST laksaEiFE AW #2682 ZEEHER 1 A tomyamBE 2 E M HE X tomyamtd RIZHIE T ARHE—0
W tomyamEE T M EHIME T ffR feiritanll = MO ZTHERETHEREE AR PDEsianleksstG sianlaksa E— SRR H
B ihAHHbaru F 1 2 MLEFIEFH 2 W BE R F R 28 A P2 5 MR 2% — T 5 & S W W B R Laksa 8 R X B X EXREFHAA
EEW T aunty BE— DM lumpandan i /57 [ = R8T I218 2 ) FH2 18 ML IR 7048 B i 840 of 7 58 R AR 1 — Jealanh BB R0 i e agdf = 7o i B
TEEE 4B & 7 00 3 E1sE B #E A chack it 7 BT 484 & 1 4 £ EB5 40 55 FR 06 0BT 136 BB 4018 M1 56 B — Fr A 4 i alB S2 88 PSR IR B — TR E £ o SERT dE i I

print('length of s
print(‘length of
print('length of str{len(lines3
print(‘length of : str(len(lines4
print(‘total word: ' + str(len(line)))

3 " str{len{lines1
str(len(lines2

+ o+ 4

™

3
J
&
)
3
J
3
J

3
)
3
J
)]
J
3
)

length of soundl: 724
length of sound2: 1311
length of sound3: 313
length of sound4: 534
total word: 3398

Figure 9: Calculate length of total word

1Data.txt sencoding= Jas f:

1st=[]
dt = f. rcadllne()
while dt != '*

word =
word_lst

1st. append(dt)
dt = f.readline()

.join{map(str,1st}))
= word.split()

def replac e _content(dict_replace, target):

for

sed on dict, replaces key with the value on the target.™""

check, replacer in list(dict replace.items()):
target = re.sub(check, replacer, target)

return target

Figure 10° Function of remove the unigue word
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wordlength [wordlen.replace('\n', "' ")for wordlen in wordlength]

wordlength = [wordlen.replace('"',"')for wordlen in wordlength]
wordlength = [wordlen.replace(’ ','')for wordlen in wordlength]
wordlength = ''.join(wordlength)
wordlength

finish

out[54]: 'EIEETIHTEEEE PR AT LML RN LB LN LB HERENESREEREMIMEEr 2R S T EEE X RIS R
T EEHR E WA T SRR B R AN E - T T R A RN TE T EWAETHE THF TR E2 RTINS~
TR INAET 2 S T Ee S MEe SR E b SRS BT 7 T A A MIEE T S TR TR 2R wE T R AR E—
Eﬁﬁ?WiTﬁkkﬁkﬂkéwﬂmxi% “W%Wzﬁﬁhﬁﬁﬁﬁi%ﬁﬁﬂkﬁmWﬁéﬂ@7KWl%ﬁmﬁﬁ£M%xﬁ%—§$ﬁ
el B ARG 2 T P MR S R B REE I e = R R RIS D SIS IEE — T id & R E R NN S kM F T A IR (R IR SR AT BT
EELFEMNE T EZEABFE-—TE-—THRRIEEDRLLDERHEERTES B = HRE 2R M1 AMEHE TR BR MRS = A1
ﬁﬂﬂ@ﬁﬁ?ﬁm%zﬁE%&ﬁ%ﬁﬁ?Wﬁﬂﬂﬂjﬁﬁ%i&ﬂﬁ%é%ﬁ§§§£7§£1&W%%WE**M¢Eﬁ&§£&HZ?Ek
EXEOBE AR THADEE BN EE O EEE I RN — S R R T B E 4 LR B L BT
i&%ﬂ?ﬂﬁWTmtﬁW%EQix%ﬁﬁt&%ﬁﬁ%%WEETﬂﬁmmﬁﬂﬁjHT%EWW%%%W%WWAEQEEQW1ﬁ%ﬂﬂ%
2100 ] L 1 £ W 2R =8 NS S0 MR i T AR AR R TE SRS T W R T ST R R EIE A £ A — L Ak
FEMEERME LWL 7oA SMAEHLE— A%Em1£@WHET%WT¢§%§EH£EEE}W@k§§+ 2 IIHEERHTETRE AR
By 22 S M T 22 AR IR 805 T R S8 PR LR M0 L0215 IR SRR 28 304 IR 8 154T B30T S0 Bk IN ] UL 0T 295 S a3 4
FEEETEBRESINEER THHITEX S S SMER R X B4 SIS TR iRk B iy Aeill (RNELGT B IZR R T E % k.
AEEHETEFAHMER EXEREI 4 ATEEARERTMRZEET AR —SWEETFETRRMIESNE—T 50 L
B ERT AT FHY E ol 2 R BRI £ — Az%z%ﬁﬂmﬁﬁmﬁﬁﬁEMﬁ%TﬁTkmmxmﬁEMTﬁMZAWZﬁMﬁﬂﬂﬁfTEE%M
HFEENEREE DR EERA RS T e S EEEEL ENMREEEEHREMER M REEEM S TR E—x
B EHEA RHS T EEEA AT TN EEENEED TR SIS EAREEEEEEN —FRER R WL RTRE-—TER
SEHRTRIAEAESEREN A EE TREIHER - T AT USEEEEEN— AW ERERA THES L XRBENENTHEERIEE ~

In [60]: print('total general word: ' + str(len(wordlength)))

total word: 3390
total general word: 2658

In [65]: totalword = 3330
totalGeneralkiord = 2658
totalUniquebiord = totalWord - totalGeneralliord
print('total general word: ' + str(totalUniqueliord))

e word = total unigue word / t "
= (totalumlquehord / tctaluordj'laa
unique word: ' + str(PercentageUniqueliord))

P:Pcentageun1qu
print('Percentage o

total general word: 732
Percentage of unique word: 21.5929203539823

Figure 11: Calculate length of total general word, total unique word and percentage
unique word

The Table 6 below shows unique vocabulary list. Which have 69 words without

redundancy.
Air Itam Alamak Alorstar
Asam Aunty Bagan
Baru Batik Batu
Belacan Bottoi Bulk
Bye Check Cincai
Coupon Daddy Galo (penutup sayur)
Garing Hana (ya la) lampan
Jagung Jamban Jambu
Jari Jiokakham Jioka
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Karipok Khawin Kopi

Laksa Lesen Lum Pandan
Manik Mata Misy (nurse)
Motor Pasar Penang
Coupun Kalu Pun

Ringgit Rojak Roti

Sabun Sambai Sampah
Sampai Sarong Paliah (cheap thing)
Size Siam Sofa

Sotong Suka Tahan

Test Tolong Tomyam
Tongkat Tapi Nia

Meh Ok Ko

Pun Kari 0

Table 6: List of unique word

4.3 Determine Phoneme Set of PH

In this process, the information on pronunciation from Taiwan Minnan Dictionary ({
B 5021 B M A5 R F s BE i, 2011) and Penang Hokkien learning website (Speak

Hokkien Campaign, 2017) are extracted out. After collecting the information,

Romanization process is conducted.

Since Mandarin words will make the whole process becomes more complicated, all the
Mandarin words will be romanized. To Romanise all the Mandarin words, it will change

to PH sound pinyin. With this, it becomes much easier. Below are the short example of

Mandarin words and PH pinyin.
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Mandarin word PH pinyin
ARV AT R b ez, ELEE | kin jit bo tsu a am mee tshut khi jiah a.
Bz ia khi toh ui jiah?

ZE— T it penang % airitam fREEJ: teng tsit ee kue pi neng khi aitam luia
k2 khi 0?

Table 7: Example of mandarin word convert to PH word

In this research, the data used is not only single word. As using only single word may
hard to show the meaning out. And, to make it clearer on each pinying meaning, the
Chinese word will be added inside the documentation. But during generaton of
phoneme process the Chinese words will be temporally removed. Figure 12 below

shows the output of Romanization process.

T2

JHRIT abusho
B8~ aham
{I4E— ahbo
g ahe
{&¥ — ahloh
BEHP— ahnui
RERR— ahpuinn
FERRATIR ahthuimisuann
g~ ahu
&R~ ahun
M aia
EH-—~aibin
EM® aibinkui
E|,—~ aihau
Ei—ailah
EMh|-aileh
EMpailim
EIF - ailo
B ailui
EWE aimal
E-aimail
EE . aioh
=R vaitsenn
ENEaiwo
hER— akpuinn
X8 akthng
i v aktsang
TREE - aktshai
IoRE

aluno

Figure 12: Data of Penang Hokkien
The next step is to standardize the grapheme used in PH. PH does not have own general
or formal grapheme. Therefore, Taiwanese Minnan pinying will be used to generate
pinying for Penang because both are them are almost similar. Table 8 below shows the
graphene of Taiwan Minnan (IPA) and PH.

IPA [p p B m h T n ts tsh

PH p ph b m h t ng ts tsh
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IPA g dz S
PH g J S d f r sh w y
IPA a 9 ) I U e e
PH a 0 00 y i u e ee
IPA
m n ) i P t h K
PH m n ng nn p t h

Table 8: Show the IPA and PH grapheme

For the following step, it is to craft the grapheme to grapheme rules for PH. To
standardize the grapheme used in PH, there are some rules crafted from the PH learning
website (Speak Hokkien Campaign, 2017). One of the rule is adding loanword
grapheme that not occur in Taiwan Minnan. Such as d, f, r, sh, w, y into the graphene
set. The next rule is, changing certain grapheme to other grapheme as they are not
pronounced same as the Taiwan Minnan. For instance, changing e become ee, example:
te (4%) become tee (#%). Those grapheme that need to be modified are shown in Table
9:

Original | Changed | Original | Changed
e ee bian mian
iunn ionn mue muai

ue ua ik ek

ing eng gua wa

nng noo

Table 9: Show the original and changed word or grapheme
The following rules are the simplification of some grapheme in PH. The purpose of
these grapheme to grapheme conversion rules is to make it easier when generating

grapheme to phoneme conversion rules. Below is the graphene that will simplifies:

Original | Simplifies | Original | Simplifies
tsh Q kh K
ts q 00 0]
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ph P er
sh S ee
th T nn
ng N

Table 10: Show the original and simplies grapheme

The final step in this process is to generate out the pronunciation of PH.
- Grapheme to grapheme conversion
- Simplification grapheme

- Adding loanword

- All grapheme is categories into two category Consonant and Vowel
- Category Vowel is categories to i)k (head),#IE (middle),i#) & (tail)

- Notall the pinying start with consonant it may also start in vowel head or middle

In this step, the vocabularies are divided into three categories. First, it is unique words

which obtained from the recoding and also the PH website (Speak Hokkien Campaign,

2017). The second category is those vocabularies that do no need to apply grapheme to

grapheme conversion rules. And, the third category is those vocabularies that involve

grapheme to grapheme conversion. The second category will direct move to process

generate phonemes. The process of generating pronunciation of PH is shown from

Figure 13 to Figure 26.
View Insert Cell Kemel Widgets Help

E E + ¥ MRun B C M  code v =B

tw = pd.read_csv( NormalWord.txt', sep="%t", names=["Word","Pinying"], encoding="utf-8")

tw.sort_wvalues(by=["'Pinying'], inplace=True)

tw

with open("NormalData.txt", 'w', encoding='utf-8') as f:
f.write(tw.to_string(header = True, index = False))

tw=tw.drop(columns="kord"}

tw.rename(columns={"'Pinying ' :" '}, inplace=True)

tw

with open("NormalbordPY.txt”, "w',encoding="utf-8") as f:
f.write(tw.to_string(header = True, index = False))

""rnarmal wand fdatas that ant chanoine aranhamat '

Figure 13: Remove Chinese word
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Vienu = Menu = Menu

2] Word pinying a

JEFRNF - abueho 7] a abueho
548 +aham BENT abueho aham
1% ahbo 1B4E aham ahbo
& ahe iniE ahbo ahe
{%7% v ahloh FlE=) ahe ahloh
BBHA-— ahnui & ahloh ahnui
BE#R »ahpuinn REap ahnui ahpuinn
FERRAHLR ahthuimisuann 1Edn ahpuinn ahthuimisuann
}Eﬂ‘ﬁ ahu RERRATL ahthuimisuann ahu
{F2g—~ahun > ing ahu ahun
EM— aia L] ahun aia
EH -~ aibin I aia aibin
EEEaibinkui BH aibin aibinkui
ﬁﬂ}L aihau EHR aibinkui aihau
Elf +ailah = aihau ailah
|-+ aileh i) ailah aileh
M ailim | aileh ailim
EIF v ailo = ailim ailo
EE vailui EIE aile ailui
EWE aimai BT ailui aimai
ﬁf‘)] aimail EAE aimai aimail
EE . aich =m aimail aioh
%ﬁ? aitsenn g aioh aitsenn

Figure 14: Changing of file from beginning to generate phoneme type

Make changing of the file is to make easier for the later combination of the phoneme
together with the word and pinying. The changing process is the original data will be
save into table form data and last will remove the Chinese word columns and left only
pinying columns and using this latest text file put in the code to generate the phonemes

out.

"''simplifies consonants and wvowels'''

dict_replace = {
"tsh':'Q",
'ts':'q’
"ph*:
"sh':
"th':
"kh':t
‘oo’
ter':
=10
‘nn':
‘ng":

= mom oM = oD

=

¥

new_content
new_content

= replace_content(dict_replace, s)
= new_content.split()
"' "grapheme of Penang Hokkien'''
''consonants’ "’
consenants = ["p*, 'P', 'm’, 'b’, 't', 'T', 'n', 1", "k', "K', 'N°, 'g', 'gq", 'Q", 's', 'j', "h']
"' loanword """
added_c = ['d', 'f', 'r', 'S", ‘w', 'y','x','z"]
consonants = consonants + added_c

"“vowels and loanword vowel'"'

EAEE]

BEA - [0, u']
BHE - ['2, ‘e, 'A%, 0%, u, m, W, ot 7]
BR = ['17, 'w, m, N, pt, th, kT, R, Tty RYEN, W]

Figure 15: Simplifies and add consonant and vowels
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B 4 % MRun B C » cCods =

"' 'generate phonemes”

def seg(new_content):
news = new_content[:]
res = " "

while len(news) != @:
for ¢ in consonants:
if news.startswith(c):

res = res + C

news = news[len{c):]

if len(news) != @:
res = res + "|EF "

else:
res = res + '|&F ' #+ s5[-1]

if len{news) != B:
for vi in &Yg&:
if news.startswith(vi):
res = res + vl
news = news[len({vl}):]
if len(news) != &:
res = res + "|E8 "
else:
res = res + '|EA ' #+ s[-1]

if len{news) != B:
for v2 in E9RE:
if news.startswith(v2):

res = res + v2
ri a1 1

Figure 16: Function to generate phonemes for non-changing general word

1 data = pd.read_csv( 'NormalData.txt' ,encoding="utf-g8')
2 data2 = pd.read_csv('NormalWordDict.txt', sep=",", names=["Pin¥ing","Phonemes"], encoding="utf-8")
3 data2 = data2.drop(columns="Pin¥ing')

5 df = pd.concat([data,data2], axis=1)

df

with open("NormalWordphoneme.txt”, 'w', encoding='utf-8') as f:
f.write(df.to_string(header = True, index = False))

18 print('finish")

finish

Figure 17: Save as into text file
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Word Pinying Phonemes
] a alfg
BEFIT abueho alfE b|E ulEE e|fE h|E ol fE
RE4E aham alf® h|E alRE m|RE
P ahbo alf® h|E b|Z ol
g ahe a|ff h|E e|fE
L ahloh alfg h|E 112 olff h|E
REHR ahnui alfE h|E n|E u|ZE 1|8
BEAR ahpuinn alfg h|E p|E ulsE 1|08 VIR
HE BRETEE ahthuimisuann alfE h|E 7|8 u|58 i|BE m|fE i|R =& u|ZE a|fE VIE
ma ahu 2|BE h|E ulEE
Eiiz- ahun alfE h|E ul3E n|E
B aia a|lBg 1|BE a|fE
EH aibin alff ilfE v|E 1|38 n|E
EHR aibinkui alfg ilfE b2 128 n|E k|Z ulE i|HE
=, aihau alff ilfE n|E alfE ulfE
E=y ailah alff ilfE 1/E ol h|E
=] aileh alff ilfE 1/E e|fE h|E
E ailim alfE ilfF 1|2 i|28 m|fE
BIF ailo alf® i[fE 1|2 olfE
i ailui alff i|RE 1|E u|EE 1|08
ERE aimai alBE i|BE m|fE 2R i|RE
= aimail a|fE i|RE m|BE a|BE iR
B aich alf8 i[FE olRE n|E
=R aitsenn a|fE i|BE q|E =|BE Vv|E
g aiwo a|fE i|BE w|E ol|fE
r’?fﬁnﬁ akpuinn alfE K|IE .E‘J:g I'-Izll;'ﬁ .E:LHE I\-;LE

Figure 18: PH phonemes for second set data (non-changing general word)

The next step is handle third category of vocabularies. First, it is to apply grapheme to

grapheme conversion rules. After that, the vocabularies from category 2 and 3 are

combined to generate the pronunciation in PH. Finally, pronunciation dictionary of PH

that contains vocabularies from category 2 and 3 is developed.

A/ B4+ % [MRun B/ C » | Code v e

"''gua,nng,mue,ue,ik"""
with open('ChghirdPY.txt", 'r", encoding = "utf-8')as f:
byte_lst = []

byte = f.readline()

while byte != "':
byte_lst.append(byte)
byte = f.readline()

s = "'.join(map(str,byte_lst))
char_1st = s.split()

def replace_content(dict_replace, target):
"""Based on dict, replaces key with the value on the target.”""

for check, replacer in list(dict_replace.items()):
target = re.sub(check, replacer, target)

return target

''changing graphens’""'
dict_replace = {
‘gua':'wa’,
‘nng’:"noo’,
‘mue’:'muai’,
fus':'ua’,
“iktrtek’

Figure 19: Function of changing the grapheme
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tor Key, val 1n res.items():
writer.writerow([key.encode( 'utf-8'), val])

print("finished™)

ished
Chgdt = pd.read_csv( ChglirdDatad.txt', encoding="utf-8")
#create a table Like file

Chgdt4 = pd.read_csv('CWPY_all.txt',sep=",",names=["
Chgdt4=Chgdt4.drop(columns="py") #remove py columns

y", 'Changed Pinying'],encoding="utf-8")

#combine data

datad4 = pd.concat([Chgdt,Chgdt4], axis=1)
datad

"''duplicate the data for generate phonemes’ "’
ChgH = Chgdt4

ChgH

#save completed changing pinying into file

with open("ChangedPinying_all.txt", 'w', encoding="utf-8") as f:
f.write(datad.to_string(header = True, index = False))

#save only pinying use for generate phonemes

with open("ChangedPinying_onlyPY.txt", 'w', encoding="utf-8') as f:
f.write(ChgH.to_string(header = False, index = False))

Figure 20: Saving all changed data in a file and prepare data for generate phonemes

— Jupyter ChangedPinying_all.txtv a day ago

File Edit View Language
Word Pinying Changed Pinying
i aimee aimee
i aitseng aitseng
EiEdE aitsengphe aitsengphe
At akhua akhua
RERE ammee ammee
RERET ammeekang ammeekang
RSASYE ammeetuinn ammeetuinn
RS amsek amsek
FILE] anghee anghee
TELTR angkongatshesh angkongatsheeh
TER angkongkang angkongkeng
TEE angmoopeng angmoopeng
iTEE angmootee angmootee
iTEM angmootsheeh angmootshezh
iTER angmooua angmooua
i angsek angsek
s angtee angtee
T ankee ankee
1BAE anmeeh anmeeh
1R annee annee
FROEES anneskhuan anneskhuan
Eh anteng anteng
=l antseng antseng
HES antsuanniunn antsuannionn
iy = apeeh apeeh
B8 appek appek
pa st atiunn ationn
g atsek atsek

Figure 21: Changed all grapheme text file
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Jupyter ChangedPinying_onlyPY.txtv

ile Edit View Language

aimee
ailtseng
aitsengphe
akhua
ammee
ammeekang
ammeetuinn
amsek
anghee
angkongatsheeh
angkongkang
angmoopeng
angmootee
angmootsheeh
angmooua
angsek
angtee
ankee
anmaeh
annee

Figure 22: Changed grapheme file that only have pinying use to generate phonemes

After complete changing the grapheme will move to next step which is generate it own
phoneme. The next step process is similar as previous show in the second set data (non-

changing grapheme).

e e g —— ey e

"""Based on dict, reElaces key with the wvalue on the target.™""

for check, replacer in list(dict_replace.items(}):
target = re.sub(check, replacer, target)

return target

#simplifies the graphene Llist

dict_replace = {

"tsh':'Q’,
"ts'i'q’,
‘ph*:"P",
‘sh*:"'s",
"th':'T’,
"kh':itKT,
‘oo':'0",
‘er':'R',
‘ee't'E",
‘nn'itve,
‘ng":'N’

¥

new_content = replace_content(dict_replace, s)
new_content = new_content.split()

#print(new_content)

#consonant and vowels

consonants = ['p’, 'P', 'm’, 'b’, 't’, 'T', 'n’, 1", k', 'K', 'N', 'g', 'g', '@, 's', '§', 'h']
#added_c is Lloanword consonant

added_c = ['d", "f', 'r’, 'S5", "w, 'y','x','z"]

consonants = consonants + added_c

'ﬂ_

#vowe
Rl
IR

[
[
[

i, o', 'u’, 'm', 'N', ‘o', 'Z']
‘N°, p', "t', k', 'h', n’,'y','R','E','V']

LU
Heomo
= =]
[P

=2

Figure 23: Function of simplifies grapheme and add consonant and vowel
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Insert Ce Kemel Widgets H

[1:]
=]

1 + + MRun W C M | Code v =

#function of genmerate phonemes
def seg(new_content):
news = new_content[:]

res = " "

while len({news) != @:
for ¢ in consonants:
if news.startswith(c):
res = res + ¢
news = news[len(c):]

if len(news) != B:
res = res + "|&
else:
res = res + '|E ' # 5[-1]

if len(news) != 8:
for v1 in &JEE:
if news.startswith(vil):
res = res + vl
news = news[len(vl}:]
if len(news) != @:
res = res + "|B8 "
else:
res = res + '|B§ ' #+ 5[-1]

if len(news) != &:
for v2 in Z3RE:
if news.startswith(v2):
res = res 4 v2

maaer - maar T TAan Ao 1

Figure 24: Generate phonemes for changed pinying (grapheme)

upyter ChangedPYphoneme.txtv adayago

Edit View Language
Word Pinying Phonemes
B aimes alRE 1|BE m|RE E|E
BEiE aitseng alfE ilfE q|%E <|RE n|fE
EiEt aitsengphe alfE 1|88 q|E o[B8 N[iE PIEE o|fE
ik akhua alBE K2 ulEE a|fE
AT annce 2B nlfE 0B £|R
BERE T ammeekang alff mlfE m|E EIE k| a|fE N|AE
BZAELE ammeatuinn alfE m|fE n|E E|E |2 ul5E i|ff VIR
ji=1s) amsek a|BE m|fE s|E 2|18 k| B
AL anghes alBE NIBE h|E EIE
TELTH angkongatshesh alfE nIBE K|E ol BB n|E alfE E E|B
JELR angkongkeng a|BE NIRE k|E olBE N|E k|E =|BE N|fE
HEE angmoopeng alBE N|fE m|E O|FF plE e|fE N|EE
TER angnootes 2|88 NIBE m|% OIfE t|R EIE
HEM angmootsheeh alBE n|fE m|E O|fF Q|2 E|E n|2
ER angmooua alfE nBE m|E O|FE ulff alfE
& angsek a|BE NIRE s|E =|fE kIR
1K angtes alBE NIEE t|E EIE
= ankes alif n|E kIE E[R
1R anmeaeh alfE n|E m|E E|E h|E
1R annee alfE VIE E|E
1HREr anneekhuan alfE V|E E|E K|E ulEE 2|E n|B
=E anteng a|BE n|E t|E =|fE n(kE
e antseng alif nlE o2 o|ff n[BE
HEE antsuannionn alfE n|E qlZ ulZE alBE VIE 1|38 ol VIR
fafa apeeh alf plE EIE h|E
B8 appek allE plE p|E o|& KIE
s ationn a|fE t|E 1|58 ol fF VIE
faan atsek alfE q|Z e|fR k|E
JEFEE avhnana alBE IRE hIEE |58 ~|RE IRE A IRE

Figure 25: Result for the changed pinying phonemes
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W—a—al|fE

#BF4F abusho—a|fEb|EFu|58e | f8h | Eo| 8

B5AE —~aham——a|f§h|Ea|fEm|FE

M4~ ahbo a|fEh| Eb|Zo|fE

& ~aheva|fEh| Be iR

%7 »ahloh —~a|fEh|E1| 2o |fEn| B

BEAP— ahnui——a|f8h|En| Eu|5Ei| i

B8R — ahpuinn-a|fEh| Ep|Zu|BBi|fEV|E

RERREEIR ahthuimisuann—a|fEh|E T2 |81 | fEm |fF1 | Es [ZulsEa V| E
g —~ahuz|f8h| Eu|=E

P88~ ahun alfEh|Rul®En|E

B aiava|fE1|fEa|fE

EH vaibin—a|ffi|fEb|EFi|EEn| B

EH® aibinkui a|fE1i|REb |21 |28n | Bk |EFu| 281 |fE
E,—~aihau—a|REi|A8h| Ea|REu|E
EMi—ailah—a|BELi|AEL| =z |kEn | B
EW|-~aileh—a|fEi|fEL| e |fEn| B

EW - ailim—a|fEi|A81 |21 | %Em| iR

EIF ailo a|fEi|HE1| o fE

EiE vailui al|fRi|AEL|=Fu|BE| B8

Figure 26: Result of combined changed pinying phonemes and non-changed pinying
phonemes

4.4 Generate Pronunciation modeling of PH

The last process is combining of the unique vocabularies and general vocabularies in
pronunciation dictionary. As the rules included the loanword grapheme, the unique
vocabularies from category one will be using the same function in the code to generate
their pronunciation. Finally, a pronunciation dictionary in PH is developed which

includes general vocabularies and unique vocabularies found in this research.

Uw = pd.read_csv('Uniquelord.txt",sep="\t"',names=[ "Uniguekord', "UniquewWrd Pinying'],encoding="utf-58'}
Uw = Uw.drop({celumns="Uniquekord"}

with open("uUnigquedord_py.txt", 'w"', encoding="utf-8") as f:
f.urite{Uw.to_string{header = False, index = False))
'unigueword

with open('Unigquenord_py.txt','r", enceding = 'utf-8')as f:

byte_lst = []

byte = f.readline()
while byte != g

byte_lst.append{byte)
byte = f.readline()
s = '"".join{map(str,byte_1st))

char_ls 1it
#function simplifies
def replace_centent{dict_replace, target):

"""Based on dict, replaces key with the wvalue on the target."""

s grapheme

for check, replacer in list{dict_replace.items{}):
target = re.sub{check, replacer, target)

return target

Figure 27: Read unique word file and apply simplified rule
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res = res + '|8 ' # s[-31]

if len(news) !=
for v3 in =E:
if news.startswith(v3):
res = res + v3
news = news[len{v3}:]

if len(news) != @:
res = res + "|E "
else:
res =res + '|E ' # s[-1]

return res

res = {}

for i in range(®, len{char_lst)}:
phenemes = new_content[i]
res[char_lst[i]] = seg(phonemes)

#sgve the result 1
with open("uniqu
writer = csv. urlter(F\
for key, val in res.items():
writer.writerow([key.encede( 'utf-g'}), wval])

‘'w', enceding="utf-8") as f:

print({"finiched")

ished

''"Uresult is data with chi

uWresult = pd.read_csv('U - nanes ["word"," ng"], enceding:

uWresult2 = pd.read_csv('uUnigue - ,sep- » 'y names=["Pinving","Phonemes"], encudlnﬂ— 'utf-8")

Ukiresult2 = Ulresult2.drop{coclumns= P1| ing')

''*combine the two data'''

UkiresultDT = pd.concat([UWresult,UWresult2], axis=1)

UkiresultDT

''*save the final result in data’

with cpen("uUniquewrdPhonems.txt", "w', encoding='utf-8') as f:
f.write(UWresultDT. to_string{header = True, index = False)})

the file of result] generate

Figure 28: Generate phonemes and save final result in text file

I}Jy Ll Felalgnunnisnlic niwnsinessuiseuunian y. LAY a aay ago

Edit Wiew Language
Word Pinying FPhonemes
L] a al g
JEFLT abueho 2|RE b|E u|EE elfif h|E o|fE
HE4E aham alfg h|E alkE m[fE
I ahbo alfg h|E b|E olfE
e ahe aIHE h|E elB
157 ahloh alfE hlE 112 olff n|E
REap ahnui alfE h|E n|E u|BE i8]
REER ahpuinn alfE h|E p|Z ulzE 1B VIR
TERRAELR ahthuimisuann alfE h|E TIE u[2E 1§ m|BE i|E S| u|E8 a|fE VIR
g ahu alfg h|E ulEE
198 ahun alfE h|E u[E n|R
B aia alfE ilRE alf®
EH aibin alfE 1[B8 b2 1|58 n|E
EER aibinkui alff ilHR b2 1138 n|E k|Z ul5E iR
= aihau alfg 1108 h|E alfE ulfE
il ailah alff 1108 1% alff h|E
=] ailsh alfE 108 1|2 <|fE n|E
En ailim alfE i|f8 1% 1|38 m|fR
EIE aile a|fE 1|88 1|5 o|fE
BT ailui alfg 1|B8 1% u|3B i|E
ERE aimai alfE ilRE m|§E a|RE ilRE
=) aimail alfE 1|08 m|fE a|fE 1A%
B2 aioh alRE ilRE olRE h| &
5 aitsenn alBf ilfR q|E =|BF VIR
EZ aiwo alfE i|AE w|E olfE
AR akpuinn alff kIR p|Z ulEE i|ff VIR
b=t akthng alff k|E T|E n|E
PEx aktsang alfE k|E ql2 a|fE n|iR
JEEE aktshai alBE kIF nlEE A |RE 1 |RE

Figure 29: Penang Hokkien Pronunciation Dictionary
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Chapter 5: Data Analysis
In this chapter, data analysis will be discussed. First, 10 set of testing samples are
generated. Each set consists of 100 vocabularies. The accuracy, in term of word

accuracy and phonemes accuracy are evaluated.

import random

""'sample' "’

PH = pd.read_csv('PH_word.txt',sep="\t', names=["Word","Pinying”,"Phonemes"], encoding="utf-8"})
sampled_listl = PH.sample(n = 18@)
sampled_list2 = PH.sample(n = 18@)
sampled_list3 = PH.sample(n = 18@)
sampled_list4 = PH.sample(n = 18@)
sampled_list5 = PH.sample(n = 18@)
sampled_list6 = PH.sample(n = 18@)
sampled_list7 = PH.sample(n = 18@)
sampled_l1ist8 = PH.sample(n = 188@)
sampled_1ist9 = PH.sample(n = 1@@)

sampled_listl1@ = PH.sample(n = 1@8)

sampled_listl

with open("samplel.txt", 'w', encoding="utf-8') as f:
f.write(sampled_listl.to_string(header = True, index = False))

sampled_list2

with open("sample2.txt", 'w', encoding="utf-8') as f:
f.write(sampled_list2.to_string(header = True, index = False))

sampled_list3

with open("sample3.txt", 'w', encoding="utf-8') as f:

Figure 30: Generate 10 set of testing sample with each 100 pronunciation

A B C D E F G

72 |l o S 1Ei|58n | Ea | Eel BN ES BAR tsojintseng alolililnlaleln| o o
79 |b| e | i BRo BN E ] beiong blelilolN] 0 o
20 |kIZBulEEa | BEn| EkIBEI B BE kuankee2 klulalnlk|El 0 0
81 |t12Bu|5BalBEa | Bu|5EI 1R Fak tuatsui tlulalglulil o 1]
82 |m|Ea|BEh I EolBE T maho mlalhlo] 0 0
23 |p|EE1Eh | Eb| o | B8k En | Ei|5E EARE peehbokni plElh|BlolkIn]i] 0 0
2 |bIRu|EI s | BN 1B i 1B ] bulangsai blulllalnislalil o o
35 |jI=BiI5Ep | BIRuIE B MNE jiplui ililplilulil 0 [}
26 |u|5Ea | BBV BulEa | BBV Br 1B EEi uannuannkhi ulalViulalVv]kli] [} (1]
87 |pl e BEN RN Eo| R F#l penghol plelnhol 0 o
28 |h|=Ba | BEm | BEs | 280 | BEp | E R hamsap hlalmls|alpl 1] 0
20 |12y |5Ei |G Ei| 5o | BN E Eirh tuitiong tluliltlilelN] (1] 0
90 |11%8a|BHul I BuIE ER lautshu Ialulajul 0 0
91 |t1=elBENIBEKIRuIEE VIR 1B tengkuinn tlelNlklulilv] 0 0
92 Q%8| | Bk e Bm |2 | R HFEE tshinkeema alilnlklElm]al o 0
93 |q|2Bu|FEa|BEn1Es 128158 1 BRu|BE = tsuansiau glulaln|slilalul [} (1]
9 |t]22i|58a B | g |22 | 5501 51 1550 | VIR ErE wbere T ety 0 0
95 5| EBi 155t b Be | BBNIEE =il sitheng sliltlblelN] 0 o
9% |12y |58a| BEs | %8| fEp | Be | BN BE FEH tuasepeng tlulalslelplelN] [} 1]
97 1158|580 | Ep 1 B8E | B = linpee IilnlplEl o o
98 |PIEe1fBKIE B phek3 Plelkl] 0 0
99 |q|=Bu |58t Bo | BN | Bm 1B 5B | BBV | B EEify tsutongmuinn qlultloNImlulilv] o 1]
100 |s| N | Bk Ea | BRKIE 5] sngkak s|Nlklalk] 0 o
101 |i|58o | BAN| EQIBu | RB&E iongtshu ilo|N|Q]ul 0 0
102| word = 100| 1] 0256081946
103 phoneme = 781

Figure 31: Sample of PH Vocabularies with Pronunciation

The formula for word accuracy is (total correct words / total words)*100%, and the

formula for phoneme accuracy is (total correct phonemes/ total phonemes)*100%.
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Sample Word Phoneme Word Phoneme | Word Phoneme
(characters) | error error accuracy(%) | accuracy
(%)
Samplel | 100 756 0 0 100 100
Sample2 | 100 745 0 0 100 100
Sample3 | 100 781 1 2 99 99.74
Sample4 | 100 773 1 2 99 99.74
Sample5 | 100 772 0 0 100 100
Sample6 | 100 776 0 0 100 100
Sample7 | 100 789 2 4 98 99.49
Sample8 | 100 771 2 4 98 99.42
Sample9 | 100 781 1 2 99 99.75
Samplel0 | 100 785 1 2 99 99.75

Table 11: Show the percentage of each sample WER and PER

From the table, it show that the highest error rate of word is 2% and highest error rate

of phonemes is 0.58%. The average word accuracy achieves 99.2% while phoneme

accuracy give 99.79%. Therefore, the accuracy of the pronunciation dictionary

developed is high.
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Chapter 6: Conclusion

In the nutshell, this project is Pronunciation modelling for Penang Hokkien (PH).
The objectives in this project are to identify the unique vocabularies in PH, to identify
the phonemes set in PH and to develop pronunciation dictionary for PH. The motivation
to this project is let the youngest generation learns to speak and understand PH in order
to prevent PH becomes extinct language in future.

The contribution of this project is to develop PH pronunciation dictionary,
which may useful for speech recognition system or text-to-speech synthesis system. For
the future work, by applying the PH pronunciation dictionary developed, acoustic
model in PH can be trained in order to synthesize speech in PH. It will be useful for

those who like to learn PH and also to help preserving the dialect and culture in it.
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2 PRONUNCIATION MODELLING FOR
UTRR PENANG HOKKIEN

Introduction:

Hokkien is a dialect of Chinese. There are several Hokkien dialect in Malaysia, Penang
Hokkien (PH) is one of the dialects. Used the most in Penang, Perlis, and Kedah. PH use
by many state but it does not have formal pronunciation and also writing system, unlike
Taiwan. This project is to develop pronunciation dictionary for PH. Pronunciation
dictionary generated will helpful in building PH text-to-speech (TTS) system.

Objectives:
- Toidentify the unique vocabularies in Penang Hokkien.

- Toidentify the phonemes set in Penang Hokkien.
- To develop pronunciation dictionarv for Penana Hokkien.

/ Methodology \

Unique vocabulary of
Finding Material of Penang Hokkien
unique vocabulary Out of Vocabulary
word
Combine of -
Unique Vocabulary Flonunciation
and General Penang Hokkien
Vocabulary
Detect the vowel, Sﬂsﬁg?{
consonant belong lst of Penang —>
\ to Penang Hokkien, Hokkien

nique Vocabulary
of Penang Hokkien
list

Phonemes set for
Unique Vocabulary
and General
Vocabulary

W

RESULT:
Sample Word | Phoneme | Word Phoneme
error | error accuracy accuracy Conclusion:
(%) (%) This project is Pronunciation
modelling for Penang
lel 1 1 : . .
Sample 0 0 00 00 Hokkien. In this project the
Sample2 0 0 100 100 Penang Hokkien
Sample3 | 1 2 99 99.74 Pronunciation Dictionary is
Sampled | 1 > % 9972 completed and there is 10 set
of sample used for check
Sample5 | 0 0 100 100 accuracy. The error rate in this
Sample6 | 0 0 100 100 10 set sample test is low. The
Sample7 | 2 4 93 99.49 motivation to this project is let
| the youngest generation learn to
Sampleg | 2 4 % 99.42 speech PH correctly and prevent
Sample9 | 1 2 99 99.75 the PH missing.
Samplel0 | 1 2 99 99.75
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