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Mandarin syllables represented by three phonetic

systems: Pinyin, Chan's and Spen's; have heen studied and

implemented to Qecompqge'-Pipyin words into syllables ané

I O . R . . .t
- convert them into Chan's Chinese Phonetic Codes and Suen's
4 . >

a

pﬁonetic symbols. * This algorithm has been tested with a

large database consisting of 24,271 spoken words. The
) . B

frequency distributions of syllables and phonetic symbols

have been tabulated. N-gradm - . statistics  of Mandarin

A

‘syllables have alsq'bqen analyzed and presented.

~?nalyzed7——%fsegmentation aigortthmvhas~been—"&evefoped—Land-~————————§—;
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Chapter 1

4

Introduction

Since Qritten Chinese characters are.very complicated fo
be processed by computer, speech can be an important mode of : 4
man-machine communication. In ths past ten years, many
researchers have tried to analyze End synthesize the Chinese
official langdage; Mandarin, with the aid'of a computer. ,A
good representation o? Mandarin in input/output‘of computer

processing.- can be an important tool for research in this

area. In this thesis, a segmentation algorithm has been
developed.and implemented'to decompose P§nyin words into
syllables and convert them into Chan's Chinese Phonetic o
Codes ;nd Suen's phonetic symbols., The properties of the o
. three phonetic systems: Pinyin, Chan's, and Suen's; are
analyzed and compared. The algorithm has been tested with
three sets of data consisting of 54,271 spoken words. Also,
the frequency d%stributions and n-gram statistics of
syllables and phonemes have been computed. 'It is hoped thaé
the re#uits will be ' useful to computér input/output of

spoken and written Mandarin.

1.1 Speech Analysis

v
e MR WL aledien en o eI D . LA - / Wae e s L Lt mam o oW o -
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‘ . f .
The ~” most common mqode of human communication is speech.

,JHuman speech is produced through the specialized movement s
{
of vocal organs, such as wvocal cords, lips, etc. Once

Apr‘oduced,‘ the speech signal mfght be received by the
P S

i listenet's ears ,and understood. A listener does not only-
‘ e

understand the meaning of speech, but also can identify. the

speaker 's accent without seéing the speaker. : r

In man-machine communication by voice, a lot of research
and studied_are in progress with the aim to develop systems,

\

that can séeak, hear, identify and understand human voice.
There are two major categories <;f man-machine communication
systems {12]. The first one is from man to macbine. In this
system, it is ’composgd of twq parts[19]; £1) Speaker
recognition, which is to—verify a speaker ident}ty or to
identify the speaker fiom some kr;own ensemble, (2) . Speech
recognition and“’understanding, which is to recognize and
[understand the entire spoken utterance. To recognize,
verify and understfujd. speech signal, a set of pre-determined
"references from t'r;e analysis'stage must be stored in the
computer first; In .t‘he stage of analysis,'some‘ speech
signal will be extracted and processed according to
intensity, duration, pitch and intonation, as well as
frequency distribution of the signal. Based on the analysis
of the acoustic features described above, the/ph'onetic

features of the input speech signal are determined, and some

quantized information is generated.. All quantized

()
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information 'is storéd in computér memory as referénce

patterns, if it is in the learning mode. ©Otherwise, the
. . ‘ '

recognition mode is assumed, all informatién will be matched

with the pretstored references in the memory./ Once the

P

sounds are matched; thé“identity of the speech sound .can be

sent to the next stage for further procegsing, such as

[
~

speech understaﬁding[lB]ﬂ
o

t - : .

The second mode of -communication is from machine to man,

i -

. »
which 1is also called the "synthesiB\system". It is simple
and economical to é&nqheaize speech, by concatenation of

phonemes. It requires a simulation-of the vocal cords for

1

sound generation, and a set of phonetic rules to interpret
the input te;t inéo'a phoneme string. To make synthesized
speech sound natural, "it is important to . take ~into
considerafioné the various chhfhcteé&stics of. thnemes and

\ C, ’
+  their combinations: of progodic features, stress , and

.

intonatién[Z],[24Ja For example, English pronunciation is
based on spelling, but the letters may be pronounced

differently in different cases, such as the letter 's' which

t

is pronounced differently ydas/ (as /z/), /sum/ - (as /s/) -or

- /sure/ (as /sh/). etc. - o o :

¥
.

" Therefore; - speech analysis is a significant and

fundamental ingrédient of all the 'important  technicaL

~

problems of speeqﬁ ¢ommunication by machine. It is also
"involved in many aids to the hgndicapped suéh as adjusting

speech speéd for the blind and visual training for teaching

i . -
o
-y -
.

. :

. a4 . . .

- x . »
:

« -
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the deaf to spenw. In addition, it can also enhance the

-~ quality of speech signals that have- been degradéd by noise,
: N .

reverberationy or sound produced in an unusual _atmospheré,

s

.for - instance, driver's speech.

-

/

N

In general, speech analysis cart be classified into four
& . . @

different areas as follows:

(A) detection and processing of the speech 'signa

. R .

-+ (B) extraction of acoustic and phonetic features .

——

(C) display®’ and examination of the acoustic’wavqforh

- (DL}text analysis and phonetic transcription.

.
- 2 . N
.

' - In this thesis, the text -analysis and phonetic

- S

transcription is considered in detail\on Mandarin.

> -

N 4 -
D" .
Q A )

1.2 Chinese Language And Mandarin

o

B 'Chinese, a hieroglyphic language, is very different from
. " & Western language. The pronunciation of Western 1anguag§
Jis 'based on the a}phabetic phonetic system. So the spoken
word*can be speﬂied accordingiy. But this is not true in
Chinese. The written pa#t " of Ching§e, namely character,
does not always relate to its pronunciation. And all 3he
Chinese characters were invented accdrding to the following'
criterial26],127]: ' B
(1) the shapes of objects ' ' . N

(2) phonetic combinat fons

‘(3) logical combinations o ' o
. . . .

§ o



(4) indicating to situation\ r indirect symbols
(5) mutually interpretative §>mbols . , B

(6) false borrowing.

. Chinese characters were unified about two thousand years
ago. After many years of improvement and modification, éli
characters could be-derived from about 220 basic - radicals.
But, there are more than fifty dialects in Ckina, none of
them have a complete phonétic system to indicate the
pronunciation of characters before this century. After the
'19i1 revolu£ion, althéﬁgh the Mandarin diaiect has been\
chosen ag the Ghihese official language, yet the shapes of .
charaéters and their proﬁunciations are still.independent‘of
Ieach other. Therefore, it is very difficult to establisﬁ
phénetié rules between the character and its souﬁd. Hence
to implément a Mandar in speech .system in compute;, it would
be easfer to find a set of phonetic symbols.as input/output,

Q -

rather than using characters directly. 1Ih other words, a

. set of phonetic symbolshis required by computer to , perform

speech processing. However, several phonetic systems have

been developed in this century. They will ‘be introduced in

the following_chapter. v

-

.

"l.3 Criteria For The Ideal Phonetic System .

In order to haye an ideal phonetic system to serve as

input/output in speech processing by computef; there are

several essential criteria. that we should look into[8):

[ ~




(1)

(2)

P

(3)

(4)

(5)

(6)

Consistency -

Lt - \ .
The phonetic representations must 5é‘unique. There
« oy T -
should not be any confusion in. usage in the
Ld

ES

representations.

Easy recognition

The representations should be simple enough to be

recognized not only by human beings, but alsc Sj'the

computer. . -
) , ' N
Accuracy ' .

a a

Every phonetic representatibn can be accurately!and

*

easily pronounced by human beings. .

Easy for computer ihput/output

From a computer implementation point of view, easy

to enter 'throughu key-board’ and display ~from a;

computer are th% essential criteria.
Flexibility

L} . : ! .
The set of phonetic representations can be easily

expanded to build a new syllable. - o

Length of syllable

‘From the -economic . point of view, the shorter the

’average’syllable length is, the less the cost is in

7,

the printing process, . T~
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CHAPTER II- ~ .

>

Characteristics Of Mandarin And Its Phonétic~Systemé"°
. NN . . "

Vs

2.1 Characteristics Of,Mandarin~

.~

. In order to set u;\a system.which can proceés Mandarin

speech directly, a detailed study of the following

T

e characfgristicé of Mandarin is7neces§ary[7],[16].

v . [

(A) The soqus of all Chinese characters are 'monosyllables. .

s »

Each Chinese character .can 6nly be pronounced by one

o

. .syllable.

(B) Mdst_consonants,appear at the beginning of the syllable

except the nasals 'n' and 'ng'. L. v

_.(C) Chinese is a tonal 1anguage.' Every' syllable is
,=as§ociated with' a tone. In Mandarin, tHere are four
tones due to'ghe shift of the fundamental ffequenéy of
vowel or‘diphthoﬁg; A neutral tone is used . while .the
syllable is wunstressed. Those unstressed syllables

appear mostly at the end of a word or a sentence. The

tone specifies the pitch contour of the syllable[Zi]:

© 3 ~

.
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*, (D)

> ° i
.

Tone/Notation Description ‘ Pitch
1 - high—levgl" l 55
Py ; high-rising . - 35 .
3 - v low~dipping ' 214
o 4 LN . high=-falling 51
. 5. . neutral = 5

s y

For exampiq; the syllable /m-a/ .in tone one, mean§.
mother. It ha; a high level’bq} flat tone; the éﬁme
syllable, in tone two, means hemp, it has a high level
and rises at the end; in tone three, it ﬁeans horse,,the
tone- starts ét a low levél, and rises at the end of the

syllable; in tone four, it means scold, the tone . starts

at a hagh level, then goes down gs a low level rapidly.

The neutral tone of this syllable indicates the - ending

of a ,question, the syllable will be pronounced very

short wi;hout stress.

Chinese words may be represented "by more than one

, e
character.

A meaningful Chinese wotd may [contain more than one

character. 1In other words, a word may be pronounced by

more than one syllable. And the diﬁfgggnt combiﬁétions
and permutations of characters g 6€/different meanings.
For example the character (#%) means building, |is
spelled with '/l—oﬁ/ in_ the | second tone. ' Another

character (L) means up, is spelled with /sh-a-ng/ in

%

-



the

®
fourth tone. The combination of these two
{

characters can be (;f%._t) and (_1:"/&.), the first word,

which is a noun, means upstairs, and the second word,

which is a verb, means to 'go upstairs.

~

(E) Mandarin speech can be defined as tHe following: ', .

(1)
(2)
(3)

-

(4)
(5)

(6)

<CLAUSE> ::= <WORD> {<WORD>} <punctuation>

Narm

’

<WORD> ::= <SYLLABLE> {<SYLLABLE>]} .
» , \ .
<SYLLABLE> ::= <INITIAL> <FINAL> <TONE> )
<INITIAL> ::=  <CONSONANT> | <empty>
* . \ .
<FINAL> ::= {<SEMI-VOWEL>} <VOWEL> {<VOWEL>} {<NASAL>}

| {<SEMI-VOWEL>} <DIPHTHONG> .

v

<TONE> ::=" <1> | €2>| <3> | <4> | <NEUTRAL>
r

2.2 Mahdarin Phonetic Systems

So

v

far many phonetic systems have been inventedy-—- The

. corresponding phonetic répresentations used in the main
1+

systems are shown in Table 2.1, °

(A) JIFH(1918)[7];[14]

Thi§ is the first phonetic system of Mandarin. It

consists of a set of thirty seven phonetic symbols to

represent Mandarin sounds. Any of the syllables can be

LW B e




" spelled by oné, two or three JIFH symbols with a tonal
S ’

o

mark. .,

-

In this system, each Mandarin sound has a ﬁnique
representation. Yat, the symbols are difficult to
familiarize with, and not easy to enter through an

ordinary key-board. .

o

(B} IPA and Yale systems[10]

IPA converts those thirty seven JIFH  phonetic
symbols ,into International Phonetic ~Letters. Yale
system converts them igto an English alpﬁabet. These
two systems try .to use Latin transcriptions to help a
person in Mandarin propunciation. They are easy to

enter

. through an érdinary key-board, 7bug;;'tﬁg
repfesentations of both systems are not unique. The
sgﬁe répresentation may be proﬁounced differently, for

»example, *in Yale, the letter [j] represents two

different cénsonants. Fae

(C) Chan system(19§3)[3],[4]

&

Mr. Shui Ki Chan ( B $#h ¥R ) of Hong Kong invented
two sets of symbols, called -Chinese Phonetic Characters.
Recently, it has been modified by his son Mr. Peter K.
L. Chan(pj{ﬁﬁ%?. The symbols used in this systein
are different from JIFH. One set is called 'Initial',

which contains twenty five symbols. Ameng them, twenty
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one symbéfg rep{gsent all “;he consonant séarﬁing "_°
initials, two symbols represent two semi-vowels séarting
initials and.- two symbols represent eight vowels stérting v
initials. The other set 1is called 'Final', which.

contains thirty four symbols, all of them are the ']

combination or permutation of  vowels, diphthongs

Y

[
kY
o

semi-vowels or .asal consonants that could happen in

Mandarin. The tone is indicated by the position of the »

| s

final symbol.

In this system, not only the represenéation of each

1y

syllable is unique, but also the fength is fixed and

short. However, it takes time to learn to recognize the

symbols used and the strucéﬁre of the representation

' ! . ®
complicates the process of recognition or entering into

a computer., Also, the phonetic characters are not

T -

general enough to represent all Mandarin syllables, for ’
instance the syllable /eh/ (3% ) cannot be represented by
this  system[17]. Although the occurrences of this

syllable are very low, yet it exists.

(D) Pinyin system (1957) [20]

) fhe Pinyin system was déveloped in China, it made

use ‘of the Latin alphabet to preseniithe Mandarin, sound.

Unlike IPA and Yale systems, this system tries to

: represent all the phonemes by the Enélish alphabet, but

1 ‘ they may not be pronounced the same way as they occur in

.', . , .

.
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a Western language. As a result, some pronunciatiohs

are totally different from Western languages: or do not

occur' in .some Western languages, such as [c], [q], [x],

[z}, [zh], eti> ,

The majority of the representations are unique in
this system([7}, but there are .,some exceptions, such as

the letter1'u', which represents either

‘oo(u)' depending on the starting

‘vowel ‘'u:' or

consonant. More

examples can be found in [23]. These exceptions have to

be interpreted by rules. And the spelling is easy to

enter through an ordinary keyboard except the tonal mark
and one¢ German letter um-laut [d].° Neverthelesg} the

spelling of this system is aécording to the word, not

the charaéter, so that syllable:segmentation of each

word is required.

(E) Suen system(1979) (22} .
k]

Professor C. Y. Suen of our

university developed

this system to provide ‘a unique <transcription of

L]

Mandarin phonetidrsymbols for input/output of computer.

“ All of the symbols can be represented by the English

alphabet.
+, This system is " different from Pinyin. The
pronunciations

of phonetic symbols are closer to other

Latin languages. The representations of this system are

unique, and also easy to enter through an ordinary

-hx



13
{
oo Y
key-board. This system has been modified 'fgrther and

perfected by Dr. Suen himself recently[25].

. 2.3 Review Of Studies On Mandarin Speech Analysis s —

Several studies on Mandarin speech analysis have been -

made’ in the past ten years.

B

(A)

(B)

. (€)

Fus aAPU

;
In 1973, T. Y. Chdu and K. C. Huang[?] studied the
vowels and consonants of the Mandarin according to JIFH.
They also classified the thirty-seven JIFH symbols into,
different classes based on the acoustic paraméters. Thé
synthesis of several vowels has been tried using an EAI

hybrid comp&ter.

In 1973, K. P. Li{l5], analyzed ‘Mandarin speech
according to its monosyllabic structure. Each Mandarin
syllable was decomposed";nto three parts: Initial, Tone
and Final. Each part in turn wés classified into
several elements. Elements in the Initial and Final
were classified according to the }honemic feature of
Mandarin.. He also provided a list of phonemes which
were represented by International Phonetic Symbols that
could happen in each part. He claimed that suchha.

syllable constraint might help Mandarin recognition

system at the syllable level.

John M. Howie[l3] classified Mandarin syllables into

nine different types, according to the combination of

T b Mt et 1 o — .
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the features of the phénemes involved. He performed

measurements on the -four distinctive tones of those

- ‘Etypes of syllables. - The reéults showed that -éhe
differeﬁt combinations of phonemes did affect the pitch
pattern of\the £one. For example, a syllabic vowel has
'pitch-pattern of the tone different from\é syllable with

an initial voiced consonant or non-syllabic vowel.

(D)'}n 1976, based on JIFH phonetic system, Professor C. Y.

]

Suen of our universiéy developed a Mandarin synthesizeg
. on a PDP-10 computer{21]. 1In 1979, he’provided a set of
rules to convert Mandarin éyllableé into phonemic
: syllablés Based on thirty-e;ght basic )phoneﬁic
symbols[22]. Thesq symbols\ are represeﬁted by the
English alphahet. |

A

In addition, he made a study on Pinyin system and
compared it with his own system by using’ f;ur criteria
/ . for computei speech processing(23]. He also published
some statistiéal analysis results on a large database

composed of 753,000 Mandarin syllables[22].
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- . - Chapter III .
o . .

1

Mandarin Syliable Structures In DiffergnE'Phonétic Sysiems

-
~

In order to set up an ideal way of éiosessigg Mandﬁfin
by computer, it is necessary to analyse Mandarin irme
different aspects. 1In this study, Mandafin is- analysed by
cdmbuter in termé of - Suen's phonetic representationé and

Chan's initial and final representations using input texts

which are represented by Pinyin. Therefore, in .this

chapter, .a detailed discussion ; of Mandarin syllable -

structures of these three phonetik ?Xétems is made. i@ the
followinéghiscﬁssio;sh the follonﬁgg notations are used:,

[ j - to denote Maﬁdarin sgundsviﬁ Pinyin,

() to denote-a Pinyin syllable or p;;ts of it,

/ /

4

to denote a phonehe string,

‘to denote Mandarin sounds in Suen's system.

3.1 Suen!s System,

This system analyses<Mandarin sounds . according to ,the

-

basic phoneme features ' by ‘using‘¥the combinationsxof‘the

twenty-four English letters, with the exception  of letters

"q" " and "y", and the German letter um;laqt "i" to represent

all the phonemes in Mandarin speech. There are twenty-two:
. o | h

consonants, two semi-vowels, 'eight vowef? and five

-

)




'diphthongs in this sys&em. , ' ‘

3.1.1 Mandarin Phoneme 4k:

Using Suen's phonetic system as the reference, Table 3.1

lists all the consonants according to the ménner'an@'pléce

’

in which they are pronounced. Among them, the nasal

s

consonant 'n' may appear at either the beginning or the end

of a syllable, and ’'ng' appears only gt the end of the
. ) \

syllable: = All other consona

a.syllable. But, none of the consonants can form a syllable

alone. Theérefore, if a consonant is involved in a syllable

it‘must be associated with other phoneﬂes such as a vowel,
or‘diphthong. , ' . |

‘
N

The two semi-vowels defined in this system are 'w' and «

s \

'yv'. When a syllable starts with a'vowel in 'q high—tohgue

[

position, a semi-vowel instead of a consgnant is used, to

»

initialize the pronunciation of this syllable. However, -

»

‘there are ‘'several cases, in which a semi-vowel may appear

» ) N 4 . )
between a starting consonant and®a vowel or a&.diphthong such

as /hwo/, /hwai/, ...eté.. . Similar o the censonants,

neither one of these two semi-vowels appeatrs at the end . of

any syllable nor can .be prbnounced indepenaently.

Table: 3.2 shows all thé vowels according to the tongue’

positions. Vowel ‘'er' is an independent syllable, it will

never follow or be followed by any other phonemes. All

a- N

[}

~ . »
are only used to initialize *

&
=

A=

.

f
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\

other vowels can form syllables by themselves or be grouped- -

T

together with any other phonemes, but not more than two ™.

vowels to form a Mandarin syllable. There are three vowels,

'oo(u)', ‘'e(eh)' ‘and ‘'u(uh)', each of them can have two

kinds of representatiqns in this system. Anyone of these

three vowels can be either the ending of a syllable or

followed by a nasal consonant. - If they are the ending of a

syllable, the one in parentheses is used; otherwise the

. oy
first one is used. For example, in the cases of /toong/ and

/tu/, 'oo' and 'u'’ }epresent the same vowel; similarly, 'u’
and 'uh' of /dung/ and /duh/ represent the same vowel.
Therefore, the letter "u" 1in these cases has different

meanings depending on the type of phonemes it is associated

with in the same syllable. For instance, letter "u"

represents different vowels in syllables /du/ and _/dung/,

which  are quite obvious to English speakers. -

In Suen's system, five dipﬂtﬁongs have been defined.
Each of them is represenﬁed by two letters, they are ‘'ai’',
'ei', ‘'au', 'ou' and 'iu'. None of them is followed by a
nasal consonant,ﬂog a vowel., In other words, they are the
end}ngs of a syilable. So, if there are any other phonemes
iqvolved’in the syllable, they must be 1in front of the

diphthong.

]

The abbreviations, C for consonant, V for vowel, D for
diphthong, NC for nasal consonant, and if there are two

vowels in one syllable, V1 for the first vowel, V2 for the

v
-
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second vowel, are used in  the summary of the syllabic

- - " structure of Mandarin as follows:

(1)
(2)

(3)-

(4)
(5)
(6)
(7)
.(8)

(A) Starting with consonant

Syliabic
Structure

C+v
C+V+NC
C+D
C+V+D
C+V1+V2
C+SV+V
. C+SV+V+NC
C+SV+D

example

g

/ba/

*/bang/

/bau/
/biau/
/bieh/
/bwo/
/bwan/
/twei/

(B) Starting with semi-vowel

(1)

(2)
(3)
- (4)
' - «(5)

///Syii;g;c,
Structure

<

SV+V

SV+D

SV+V+NC
SV+V1+V2 3
SV+V1+V2+NC:

]

example

/yi/
/yai/
/yen/
/yuzeh/
/yu:oong/

- (C) Starting with vowel or diphthong

(1)
(2)
(3)

Syllabic
Structut%

V ° , AN v

V+NC
D

a8 L el

example

/a/ -
/an/
Jai/ .

2

7N
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3.2 Chinese Phénetic Character Set (Chan's System)

As- mentioned previously, the representations of Chan's

system may not be easily recognized and accepted by people.

'ﬂdweve;;;it represents Mandarin syllables in a unique length
of only two symbols. This uniqueness facilitates the
computer to handle information processing ard input/output.

In this system, each Mandarin éyllable is represented by. a

]

so~called Chinese Phonetic Character. And each character
s

contains two parts. The first part is the initial symbol

~

and the second part is the final symbol. Each final symbol

is contained in a square box, and each. initial symbol: is

‘gontained in an oblong box which is about double tﬁe size of

the final symbols.

3.2.1 Initials

There are twenty-five initial symbols. They have been
classified into five groups according to the shape of the
symbols. These symbols, and their corresponding. code

/numbers used in this research are shown in the Table 3.3.

1

However, these initials can also be classified according

to the phonemic features into three groups as follows:

{A) Vowel representations. "

Code I-01 and Code I-07 are the initials in this group.

The Code 1I-01 represents the initial of the syllable

which contains only vowel ‘'er!. And the Code 1I-07



121
represents the initial of a syllable which starts with
either vowel or diphthong, for example /a/, /ai/, or

\/ang/, etc. ' .o

(B) Semi-vowel representations ' oo

Code 1I-11 and Code I-21 are the initials in this group.

The Code I-11 represents the initial of a syllable which
starts with semi-vowel 'w'. The Code I-21 represents

the initial of a syllable which starts -with semi-vowel

3

lyl .

(C) Consonant representation. - f

All other twenty-one . symbols. represent twenty-one

different consonant initials . '~ .
N . F .
/ . 1

3.2.2 Finals ' ' I

. \ .
There are all together thirty~four final symbols. - They

- > .

are also classified according to the pattern of the symbols

+

into nine groups by Chan.as shown in Table 3.4.

1
\

fhése finals represent all the possible combinations af
vowel, diphbhong, semi-vowel or nasal conson;nt. ‘However,
ail these finals in Mandarin can stand alone aé a syllabye
wiéhout consonant initials. Although ﬁost of~thg phonem;g
structures of these syllables with consonant initial are
‘di%ferent from those syllables without consonant initial, in
“this systéﬁf the symbolé for finals withor , withoqt

consonant initial have no difference at all in terms éf

representation. Therefore, the finals may represent

!

PO P N T T LR T
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dlfrerent phonemic strings depending on their respective
1n1t1als. Table 3.4 shows the possible phonemic string of
every final.

"The representation of tone in this system requires no
other special marks or symbol, It is indicated by the .
position of the final symbol related to the initial symbol

" N b “

of the syllable. The first and second tones are placed

- correspondingly on the right and left hand side of the upper

part of the initial symbol, whlle the thlrd and fourth tones
are placed correspondingly on the right and left hand side

of the lower part of the initial symbol. The neutral - tone

is indicated :.on tdp of the right hand side, but further )
apart from the dnitial symbol. Fig. 3.1 shows/ five '

different tones of the syllable /ma/ in Chinese Phonetic
Characters. ‘

Fig. 3. l Chinese Phonetic Charadters of’ syllable /ma/ in
five dlfferent tones ,

1}

3.3 Pinyin System

P1ny1n is’ represented by twenty-five English lower-~ case

Jetters "a" to "z" excluding letter "¢", one.German letter |

¢

4

" ) . , . .
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um-laut "d", and four different tonal marks for stressing.
The four different tonal marks represent the four disginct
tones of Mandarin denoted -by ('-','/','v',\"). If a
syllable is stressed,'there should be a tonal mérk on'top of
the vowel or diphthong. No special tonal mark is used to

.

indicate the neutral tone in Pinyin.

3.3.1 Representations Of Phonemes In Pinyin

~

As mentioned eérlier, the non-unique use of letters in
the .Pinyin representation of Mandarin sounds énlails thq
necessﬁty of establing a largé number of phonetic rules to
translate Pinyin into phonemes. '‘Again, with reference to
Suen's phonetic symbols (sometimes also called phonemes, see

Table 3.i), these ;ules are summarized below: y

(A) Vowels |

(1) 'a' is represenéed by’the letter [a].

(2) 'er’, if ;t appears at the end of the ;ord without
stress, it is represented by tpe letter [;];
otherwise, i; is represented by [er]. 1

(3) 'i' is represented by the letter [i].

(4) 'o' is represented by the letter fd].

(5) 'uh' is represented by the letterh[e].

(6) 'e(eﬁ)' is repréSented by the +letter [a], if the
nasal consonant 'n' follows; otherwise, this vowel -

is represented by letter ([e]. For example, (bian)

represents /bien/, (xie) represents /xieh/.

R4

b W KARWTIL: WAL e o o ot s e L% gy P, N T
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'oo(u)' is represented by the letter [o] if nasal
consonant ‘'ng' follows; otherwise, letter [ul
- represents this vowel. For example, (dong)

(8)

represents /doong/, ' (dun) represents /doon/, and
(du) represents /du/ etc.
'u:' has the following éases:
i) represented by German letter um-laut [U] if
she initial consonant is 'n' or '1'."
ii) represented by [i] if it is followed by

phonemes 'oong'. ‘

Ciii) represented by [y] in the syllable /yu:oong/‘

as (yong). “

In this case, the letter [y] represents both
the semi-vowel 'y' and vowel ‘'u:',

iv) it is represented by [u] in other cases.

- e

(B) Diphthongs

(1)
(2)

(3)
(4)
(3)

'ai' is represented by [ai].

'e:i' is re’presented by [i] when it is preceded by
the semi-vowel 'w'; otherwise, it is represented by
[ei].

‘au' is represented by [ao].

'ou' is,represented by [ou].

'iu! is represented by [iu] .

(C) Semi-vowels »

(1)
(2)

y' is represented by [y].

'w' is rep}esented by [w].

“\



25 )
(D) ConsopanE; . ' .
////{13%Eg;;le-letter representation
—
'rj' is represented by [zh].
’ 'rc' is represented by [ch].
- 'sh' is representeq 9y [sh] .
N 'ng' is represented by [ng].
(2) siﬁgle-letter representation ’
'b' is représented by [b}.
'p' is represented by [p].
il 'm'" is represented by [m].
"f' is represented by [f].
'd' is represeﬁﬁgd by [d]. )
't' is represented by [t].
'n' is represented by .[n]%
'1' is represented by [1l}].
'g' is repfesented by [4g].
; 'k' is repreﬁented by [k].

* 'h' is represented hy [h].
‘jY is represented by [j).
'ch' is represented by ([q].
'x' is represented by [x].
'r; is represented by [r].’
'ds' is represented by [i].

*;ts' is represented by [c].

's' is represented by [s].

v T e A o
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3.3.2 Syllable Structures Of Pinyin

According to the Table of Speech Sounds of Peking

,-Dialect (Appendix I) [11] published by the government of The

* 5

Peop%e's Republic of China in 1976, each Mandarin/syllable
in Pinyin can also be decomposed into three./p'gts - the
initial(s’hung-mug@), the final (Ylin-mug® &), and tone.
This table lists twenty—-two initials and t?irty—five finals.
Amond those twent:.y—two initials, there are twenty-one
consonant initials and one ‘initial which is used 'for those
syllables starting with non-consonant. All thirty-five
finals are the combinations and permutations of vowel,
diphthong, semi-vowel, and one of the nasal gonsonants 'n'
and 'ng'. The combinations.of these twenty—two initials and
t;hirty—five finals give more than four huﬂndred'syllabies
which can be proxfxounced without tone consi'der‘atiim in
Mandarin(Appendix 1I). All these syllables can aiso be
classified into two categories: syllables without consonan"t

[l

initial and syllables with consonant initial. 0
LY

3.3.3 Syllables Without Consonant Initial

There are thirty-five syllables in Mandarin which do not
| ‘

have initials. They normally start with one of the

following 1letters [a], [el, [o], {y], and [w], and can be

classified into two categories depending on the types of
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finals associated with: (1) non-semi-vowel starting and (2)

semi-vowel starting.

In the cases of non-semi-vowel starting, the syllable
begins with either [a], [e], or [o].*.All the possibilities
are summarized as follows:

(A} Syllable starting with letter [a].

(1) if letter [i] follows, [ai] represents diphthoﬁg
tait.,
- (2) if letter ([o] fdllows, [ao] represehts diphthong
tau'.
(3) if [n] or [ng] follows; [a] represents vowel
. Ial.

(4) if [a] stands alone, it represents vowel ‘'a'. =
(B) Syllable starting with letter [e].

' A

(1) if letter [i] follows, {[ei] represents diphthong

'ei'. )
(2) if [r] follows, [er] represents vowel “er'.

[}
(3) if [n] or [ng] /follows, [e] represents vowel

'u(uﬁ)'.

(4) if [e] stands alone, it represents vowel
'e (eh)'. . |

(C) Syllable starting with [o].
(1) if [u] follows, [ou] represents diphthong ‘'ou'.
(2) if letter [o] stands alone, it represents vowel

UOI.

The tonal mark is always placed above the first letter of

X
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the syllable representation.

In case of the semi-vowel starting, the syllable begins
with either Jw' or 'y'. There is always a Semi-vowel to
initiate the pronuncigtion. These syllables can be derived
.from the following three types:

“(A) [yu-] ‘

letter {y] represents semi-vowel 'y with [u]

representing vowel 'u:'. If the syllable ends with a

nasal sound, the tonal mark is placed on the letter in

front of the nasal consonant, 'n'; otherwise, the tonal

-

mark is.placed on the last letter of the syllable.
(B) 1letter % [y] followed by one of the following letters: ~
pa], [e], [1i], and [o].
Only in the case of ' (yong), phonemes 'yus'! are
represented by letter [y]. In all other cases, letter
[y] stands for semi—vqwel 'y'. The tonal mark is placed
on Ehe second letter of the syllable.
(C) Syllable staring with [w]
Semi-vowel 'w' is represented by [w]. The tonal mark is

always placed on the second letter of the syllable.

Table 3.5 shows all those thirty-five syllables without
consonant, together with the corresponding phonetic symbols
of Suen's system and Chinese Phonetic Characters of Chan's

system,
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classified as follows:

3.3.4 Syllables With Consonant Initial

There are twenty-one syllables starting with a
consonant. They include three double-letter initials, like
[ch], [sh] and [zh], and eighteen single letter initials,

»
such as ‘[b]r' [e], (a1, I[(£f1, [9]: [hi, [J]I [k]qr (11, (ml,

(n]l, [pP], [q].A[r], [s], [t], [x] and [z]. These twenty-one‘

consonant initials are listed in Table 3.6 together with the
corresponding phonetic symbols of Suen's system and initial

codes of the Chinese Phonetic Characters of Chan's system.

According to Pinyin, there are thirty-five finals which
follow the comsbnant initial letters. These finals can be

classified into three groups as follows:
(A) Finals starting with a vowel.

Five different categories of this'type of finals are

\

For example, . [-al,» [-o0], [-e], [-i], [-u] and

Bl

(1) Single vowel 6nly.

um-laut [-U] representing vowel# 'a', 'o', 'e(eh)',
'i;, '‘oo(u)' and ‘'u:' respectively. Every final of
this type is represented.by,only one letter. The
tonal mark is placed on top of the final in Pinyin
representation.

(2) Vowel followed by the nasal consonant 'ni or 'ngf.

For example, (-an), (-en), (-ang), (-eng), (-ong),

Y

T T  a T L T TTE e LR
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(3)

, (4)

(3)

"30

(-ing), (-in) and (-un) . The lettér [u] in the
final (-un) represents the vowel 'y', if the initial
consonant is either '3','q' or 'x'; otherwise it
repr‘esents the wvowel ‘'u'. Letters v[a], (i1, Ilel,
and [o] represent vowels 'a', 'i' 'u(uh) " 1and
‘oo(u) ' respectively. The letters [-n] and [-ng]
are pronounced as in English. The tonal mark of
this type |is pladed . on'lthe first letter of the
final. \

Two vowels. ; \,,-v

for example,- [-ia], [-ie] and [~ue] .

[-ia] is the combination of vowels ''i' and ‘a'.

: ¢
[~-ie] is the combination of vowels 'i' and 'e(eh)'.:

-

[~ue] is the combinaéion of vowels 'u:\',and‘ 'e (eh)'.
The tonal mark is pl;ced on top'of the second final
letter.

Two vowels followed by nasal consonant 'n' qr 'ng'.
For , example, (-ia'n) . (-iong), (-iang), .and (=uan).
They follow ‘one of these .initial consonants:

‘j",'q','x‘ and are listed as follows:

(-ian) - 'i-eh-n'

(-uan) - 'u:-ehfn'.,

{(-iong) = 'y-t.lz-oo-ng'. 0
(-iang) - 'i=a=-ng' ) ‘

The tonal mark is placed on top of the letter in

front of the nasal letter [n] or [ng].

Vowel followed by a diphthong.

.

BT SINESERSUEERTIY e SIEEER R



{ ©

/

, For example, in (-iae), [i] represents the vowel 'i' -

\

.~

) -and [ao] teptesents the diphthong 'au', The tonal
mark is placed above 'a'.’ -
(B) Finals starting with diphthongs only.

(C)

>

-

v

b

For examﬁie, {—ai]; [~ei], [-ao]l, [-ou] 5hd [-iu] . Thg ’

L8

initial consonant is followed by one of the followi‘g
diphthongs: 'ai‘; 'ei', . ‘'au', tou' and ‘*iu',. E}ery

final is representef _By two letters in this‘catggoryﬂ
The tonal mark is placed on top of tKe first letter of

.

- > -

\the fihal,.

Final starting with semi-vowel.

ﬁqr- example, ~ [-ua], [-uo], [-uai], [-ui], ,[-uang], and:

/ - rd v ¢ ..

[Luan]. C g
-] . ) . ©

Every syllable of this type has one semi-vowel which is

' A .
. followed by the initial consonant other than 'j', 'gq'

and 'x'. They are listed’beiow: v . -

. . .
(~ua) + 'w-a' ’ ”
(-uo) - 'w-o' ' :
(-uai) - 'w-ai' . ‘
o R :
(-ui) - 'w-ei'" . - R
(-uan] - ‘w-a-n' ‘ o

(~uang) - 'w-a-ng'

s . Y s
. J . .‘ n
. The tonal mark is Ged on the second final lettgr.

k]

These thirty-five finals are listed in Table 3.7

together with the 'co;responding phonemes of Suen's system

s ;
b

-




+ . - * ‘ " . . - -
JU— . . N . . . L e o TP O
. - M - # ' g
© 32 o '
N . - . B e . M
and final codes of the Chinese Phonetic Characters of Chan's .
system. . ¢ : ’ " . . ;
- . . , : N . S
- i ) PR . . a 3 A
9 . . - . T .
~ ' ' .o :
p ’ . - e ; .
. * \ ’” - . )
" s * . . - -
“ b . ) ' ) -
. - ' ' N . ' *
. N ‘ ' .- . '
r . v ‘\\ - .
t e - ] \ \ Lo . .
v hd ' ) ' N d ' b
~ . . N e \\.\ ‘ . . .

\ -
. N ~
' R a . . R
. ' N . ¢ .
- . -~ A . .
o .
] . .
. , N .
. . - .
. - - .
. N N v
' . s .
[N . 3
. . ~
1 .- N
. ' . . , . .
- . . ! ‘ *
: .
‘ r ~ ~ ! .
- . . . + "
. P PR ® v :
. . . '
.‘ 4 v, ' f
' b - e . ' ‘
. . . o~y .
1 ' . ! /’ D
. . / ¥ ]
. A i // ' s -
. ¢ . N ‘ .
. N N . - - .
- ' . : "
1 . . » .
\ 4 3
e . . . .
. . A . L . ! N ) . ’
. « .
BN . . .
. .
. . . -
. . ’ + 4 ) B
B " . fe . : ¢
. . , . . N
. ' . ' ' . . N : 3
R . . R h
‘ . .
o ' ‘ ' ’ !
' ! . hd - ,
EJ v . M 4
o
: R B R . ) .
4 ! * '
. [ e e e e ., f . . S - - e e e e
R R ot R . . °
3 LRI Vo ' . . . .
- Se ¥ Sat g, ety = M a s e b s ) [ . e e [ S et e



oy

v < g

Ao sta el S et PO

.l Palatal

33 ‘7 o

i;blo 3.1 Listing Of Consonants In Suen's System.

Hanner! Plosive | 1

loranaaad “ccdreccmancaca] Nasal !

! Un- ] ! 1

{ aspirated 1 Aapirated ! ! 1 1
+
]
]

leccesecnen

i

1
t Labial

1 Dental

1 Alveolar

! 1. 1 1 ! -1 : 1

e L L L T P P P TR Y L L L L R L R L LRl At bbbl ot Al dd el heodd I

1 1 ' ' "1 !

! Gutteral g 1 k ! ng t - t h t
! 1 | ' ! ]

o1 x 1
1
lesccacswnacnmnjpensanenn=n
1 !

| Retroflex ! rJ ro t r,sh !

— v e - —
[ ]
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H
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[}
1
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[}
'
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1
1
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1
1
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+
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1
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Table 3.2 Listing Of Vowels In Suen's Syaten.
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Table 3.3 The Listing Of Phonetic Symbols And Their

()

(B)

(C)

Corresponding Symbols/Codes Of Chan's And
Pinyin‘Systems

Initial of syllable starting vowel

Chan's ‘ phonetic Pinyin
Code/Symbol Symbol ° Letter
I-0L ¢ er er
I-07 p) \ - - (a~,e~,0-)

Initial of syllable starting semi-vowel

Chan's phonetic Pinyin
Code/Symbol . Symbol Letter
I-11 % w w
I-21 t ' Y B

-

Initial of syllable starting consonant

Chan's ) phonetic - Pinyin
Code/Symbol . Symbol Letter
I-02 [ . r r
I-03 Id sh sh
1-04 ) rc ch
I-05 [ rj zh .
I-06 ) h . h
I-08 b] ) s s
1-09 N ts. c
1-10  ( = \\v .- as oz
I-12 o - £ £
I-13 g (m jul
I-14 A P p
I-15 \ b b
I-16 1t t Tt
1-17 ? . d a
I-18 1 1 1 -
I-19 1 k Sk 5
I-20 | g g
I-22 [ x b4
I-23 ? n n
I~-24 T ch q
I-25 / J 3
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The Listing Of Chan's Final Code With -

Corresponding Phonetic String And Pinyin

Representgtion.

With
Consonant Initial

Q

Without

phénetic Pinyin

Code/Symbol String Letter
F-11 M a~ng ang
F-12 € i-ng ing
F-13 3 o0o-ng ong
,F-14 W i-a~-ng iang
F-21 n a-n an
F=-22 c i=n in
F-23 2 00~-n un
F-24 v u-n en
F-31 " i-a ia
F-32 € i~au iao
F-33 @ i-e-n ian
F-34 v u-ng eng
F-41 n uh e
F-42 S u:-e-n uan
F-43 4 u:-n un
F-44 v u:=-00-ng iong
F-51 r ai - ai
F-52 T el el
F-53 L au -~ ao
F-54 J ou ou
F-61 A w—a ua
F-=62 < w-ai ~ ual
F-63 > w=-a-ng uang
F~64 v w-a-n uan
F-71 R : u/us
F-72 o u u
F-=73 » iu iu
F-74 ] w-ei ui
F-81 v a a
F~-82 o o™ o
F-83 o u:-eh ue/ue
F-84 o i-eh ie
F=-91 a wW=0 uo
F=92 . i i

D

?

e kY I BRETORT Dl R s s T AN MA K L e L . -

Consenant Initial
phonetic Pinyin
String Letter
a-ng ang
y-i-ng ying
w-u-ng weng
y-a-ng yang
., a=n an
. y=i=-n yin
w-u-n wen
u-n en
y-a ya
y-au yao
y-e-n yan
u~ng eng
uh e -
y-u:-e-n yuan
y=u:=n yun -
y-u:-oe-ng yong
ai * ail
ei ei
au ao
ou ou
w-a va
w-ai wai
w-a-ng wang
w-a-n wan e
y=-u: yu ‘
w-u wu
y-ou you /
w-ei wel
a a
o "o
y=ut-eh . yue
y=-eh ye
w-0 wo
y-i yi

v ——_—

o —————r
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* Table 3.5 L§§ting Of Non-consonant Starting Pinyin Syllables
. With Corresponding Suen's Phonetic Symbols And
The" Code&' Of Chinese Phonetic.Characters.

Pinyin Suen's Chinese Phonetic Characters
Syllables Phonemes Initial and Final Codes
. {
a - " a 1~-07 F-81 p
o ) I-07 F-82
e e I-07 F-41
er er I-01 F-92
ai ai I-07 F-51
ei ei I-07 F-52
ao au ' I-07 F-53
ou ou I-07 F-54
an an I-07 F-21
en un . 1-07 F-24 T
ang ang I-07 F-11 ’
eng ung I-07 F-34 \
yu Jyu: I-21 F-71 .
yue yu:eh I-21 F-83 !
yuan yu:en I-21 F-42
yun . yu:n I-21 F-43
yi , yi I-21 F=-92
ya ya I-21 F-31
yao yaw I-21 F-32
ye yeh I-21 F-84
you you I-21 F-73
yan yen . I-21 F-33
yin yin I-21 F-22
yang . yang I-21 F-14 -
ying ying I-21 F-12 ~
yong yu:oong I-21 F-44 —
wu " wu I-13 F-72 !
wa wa I-13 F-61
wo WO I-13 F-91
wai wai I-13 F-62 . .
weli wei . I-13 F-~74
wan wan , I-13 F=-64 ////
wen wun I~13 F-23 -
wang wang 1-13 F-63
weng wung I-13 F-1
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Table 3.6 List Of Consonant Initial Of Pinyin System With
Corresponding Suen's Phonetic Symbol And The
Code Of Chinese Phonetic Characters. )
* *
3
Pinyin Suen's Chinese Phonetic Characters
Initial. Phoneme Initial Code &

I-15
I-14 .
I-13 ; -
I-12 //" . .
I-17 ‘
I-16 . ‘
I-23
I-18
- I-10
I-09
I-08
I-05
I-04
.I-03
I-02 - .
I-25 - ° s
I-24 ) .
1-22 )
I-20 %,
1-19 .
I-06 '

WaANFD MM D
-
h)
QD QAhET O
* 0

nQN
[ogito e g
mr e
o0 W

DRO X QN
o X 0w
o

)
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Table 3.7 List Of The Finals Of Pinyin System Which
Can Be Followed By Consonant Initial A With
Suen's Phonetic Symbol and The Code Of Chinese
Phonetic Character ‘

.
»

)
. .
Y AU N

F-13

Pinyin Suen's Chinese Phonetic Characters
Final Phoneme Final Code '
a “a F-81
o (o} F-82
e - eh F-41
ai .al F-51 o
ei ei F-52
ao au, N F~-53
ou ou F-54
an an F-21
en un F=-24
« ang ang F-11
eng ung F-34
u:/u us F=-71
u:e/ue ) u:eh F-83
uan usen F-42
un u:n ‘F=43
i i F-92
ia ia F-31
iao iau F=-32
ie ieh F-84
iu iu F-73 2
ian ien F=-33
in in ©F=22
iang iang F-14
ing ing F~-12
. iong uioong T F-44
u u =72
na wa F-61
uo WO F-91
uai wal F=62
ui wel F-74 ]
uan wan F-64
un oon F-23
uang wang F-63 '
ong oong

L
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Chapter 1V

Implementation

The major concern of this project is to analyse Mandarin
speech by computer using Pinyin, Chan's ;nd Suen's systems.
However, Pinyin is expressed in words rather than syllables.
Therefore, before coﬁverting Pinyin syilables intp Chan's
and Suen's representations, pre-processing is requiréd to
deéompose Pinyin words into’syllables.

In this chapter, the database used .in this study is
introduced first, followed by the modifications of Pinyin
representations, then the segmentation algorithm which
decomposes every'Pinyin word intb a group of syllables.
Each of éhese syllables is ‘represented by Chan's initial and
final codes with a tone. At the 1last stage, ruies are

applied to convert Pinyin syllables and Chan's Codes into

Suen's phonetic symbols.

4.1 Data Base

The input texts used in the current study are, taken from
three different books. The first one is "Chinese For
Beginner"[6] published in China. This book is intended to

help a beginner to learn to speak Mandarin. The second one

- dedmb TR o T e ther e et od e 4 a w Ko o Mo . . .t R e ALt O RS P e b ot b v o
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*~
is "Chinese Conversation For Tourist "[5] published in Hong
Kongl These two books include most common conversations.

The last one is part of a text book([9] on speeches and poems

used in elementary schools in China.

4.2 Pinyin System Modification

\
' -, ~
~Although Pinyin represents Mandarin ~in Latin

transcriptions, there are problems which prevent the direct
entry of all those phonetic letters into the computer
;through an ordinary keyboard. As explained, the tonal mark
is agggciated with one- of the finals, hence, one of\the
final letters must carry a tonal mark on top, if  the
syllable 1is stressed. Even though the entry of these
letters through an ordinary keyboard presents a problem, yet
Mandarin 1is a tonal language, the tone is so important for
pronunciation that it must be included. Therefore, in order
éo minimize the cost and effort for computer input, a
modification on the tonal mark has been froﬁosed. Since
there are only four distinct-tonal marké and one neutral
tone, it is simple to substitute the tonal marks by digits
placed on the right hand side of the stressed letter, for
instance [mé] -=--> [ma3]. For those syllables with neutral
tone, they have no tonal mark on any of the letter, and

require no adjustment.

However, an ordinary English keyboard does not have the

German um-laut [U]. To solve this problem, this letter has
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been:broken up into two characterq, an ordinary [u] followed

by a colon [:].

L3

4.3 Segmentation Algorithm

This algorithm attempts to separate a Pinyin word into

‘ syllables. Then every syllable will be represented by

initial and final Chinese Phonetic Character codes with a
corresponding tone. Finally, all the Chinese Phonetic
Characters will be decoded into Suen's phoneme string

representation and its tone.

«

'4.3.1 The Segmentation of Pinyin Word

First, a Mandarin word is read in. A word being defined

‘as a string of letters, delimited by any non-letter, except

[¢] for German letter um-laut [ii] and digits [1l] to [4] for

o

tone indication.

Once the character string is decided, a scanner is

employed to decode all Pinyin syilables into two Chinese

Phonetic Character Codes, Two sets of rules are used in the

scanner. The first rule decodes the init{al' part of the
syllable, -while the second rule decides where the syllable
should end,_thelfinal coée and the tonal mark. The scanner
is used repeatedly to.determine ali the syllables within the
word string until the end of the string or any error Ais

encountered.

[ ]

B N S S Pt P v oa . gt s a b v et BT .\ it P s el Ak abee b o ..
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4,3.2 Syllable scanner

As mentioned, there are two steps performed by the
scanneér to extract the syllables from a word. The first
step is to scan the initial of the syllable; the second step
is to distinguish one syllable from the other, and to
determine the tone as well as the final of the syllable.

The rules used in these two processes are listed below.

A Y
(A) Rules to determine the initial
In Pinyin representation, a syllable cannot start with
any digits or one of the following letters [i], [u],
[u:], or [v]. Once the invalid entry is found, an error

]
is éncquntered, the word will be dropped by the scanner,

and the next character string will be read in.

All the valid entries can be classified into three
types:
(1) Vowel initials
The entry is either [a] or [e] or [o], the syllable
starts with either a vowel or a diphthong. (kor

example (a), (aln), or (a3i) etc.

In Chan's system, the initial code of this type
of syllables is represented by I-07, except string
(e#r)' or (er). Therefore, whenever the scanner
encounters the letters fal, [€], or [o]; the code

I-07 is determined. However, these entry letters
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can also form part of the final, the scanner shall

’

not move until the final is\identified.

(2) Semi-vowel initials

The .

!

entry is either [y] or [w], the syllable .starts

withs one of “the following semi~vowels 'y', or ‘'w',

For

\

example, (yue), (yin) or (wei) etc. 1In Chan's

system,

initial

semi-vowel initial 'y'. \

the code 1I-11| represents the semi~-vowel

'w' while the| code 1I-21 represents the

U
b

In order to simplifykwhe rules of final code

determination, several adjustments are required once

\

a semi-vowel initial code is determined.

i)

ii)

code I-13 is determined (semi-vowel 'w''  is

found)f

(a)

(b)

(c)

in [wa-] or ([wo-], [w] is convetted to [u],
the scanner will | remain in the same
position. \

in Lcase of [we-~], but not [weng-], [e] is
converted to [u]l, the scanner will move to’
the leéter [u]. /

in case of [wengli the [e] 'is converted to

[o], the scanner will move to the letter

[o], to apply the second rule,

7
code 1I-21 is. deterJined (semi—vowél 'y'- is

—t |
found) .
(a)

in case of ([yu-], the. letter [u] is

2
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converted to the German 1etter um-laut [u],
the scanner will move to the letter [u]

(b) in case of [yo~], the letter [o] is
converted "to letter [i], the scanner will
move to the letter {[i] too. -

(c) in cases of [ya-] or [ye-], the 1letter [y]
is converted to letter [i], the scanner will
remain at the same position.

(d) there is no adjustment for ([yi~], the

scanner will move to the letter [i].

P

(3) Consonant initials

\

All the other valid entries can be mapped into

Chan's initial code without any ad]ustments.
However, there is a spec1al case on letter [r]. if
this letter is the last 1etter in the word, a
syllable which contains only'vowel 'er' with neutral
tone is determined. For instance, the word (hular),
the first syllable ,is ended at letter [a], the
second syllable"cbntains oﬁly one letter [r] at the
}gpend of the word, so that a vowel 'er' with neutral
tone is found, and the end of the word 1is reached.
All the other cases of [r] are considered as a

-~

consonant 'r'.

Ny

Furthermore, there are three double-letter

consonants in Pinyin, viz. ch, sh, and zh. Whenever

Me
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.all the finals in Mandarin

" vowel,
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74

one of these'lettqfs [c], [s] or [z] is found, the

scahner has to check the next character to decide

-

the injtial code.
L)

Once the initial code is decided, the scanner

will move to the next one or two characters

. depending-on the ‘initial code. In this -typé of

initial code, only I-03, I-04, and I-05 are decided
by two letters, therefore, the écanner will move two

positions further,. while in other cases it moves*

.only one position.

£l

1

@ .

‘Rules to determine the end of the syllable.

‘"The tone of a syllable is always associated with the

final so that, once the initial is determined, the tone

and final part of the syllable must be identified in

\

order to break the syllables. As discussed previously,

must start with either a

a diphthong, or a semi-vowel. Therefore, in

»

Pinyin representation the final should start with one of

or

the following letters [a]l, [e], [i], [o] or [u]. All

other charactérs are considered as. invalid entries.
Every final ' ends with either one of these letters [a],
[el, [gl, [il, [n], [o], [u] or digits [1] to (4] or the
special character [:].

J

digit which represents the tonal mark

If the syllable is stressed, the
Q

normally

the the of

ke

second or third position the final

character string. Every final can be represented by one

\

e LR S MM . L oA

”»

y
appears . .
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to" five characters. All the valid -entries can be
. LT
divided into four types listed as follows: ‘

s t

Note : [#] stands for digits.
[{] stands_for letter (x], [q), [j], or [y].
[{¥] stands for let8er [i] or [u]. -
N

{*] stands for lettér‘[a], [e] or [o].

:'(l) Letters [al, [el, [i]l,; [o], [u] followed by a digit.
Since the tone ig’placed on the second position of
the final string, the syllable can be a single
vowel, a diphthong 5r a vowel plus a nasal
consonant. However, the scanner has to check
several letters further in order to determine the
final code. For example, a vowel plus a nasal
consonant followéd by a digit, the scanner muét mqke
sure that the letter .which represents, the na;al
consgnént is not the initial consonant of the next
syllable. All the final codes and endings of
syllables can be determined accdrding to the
following rules: l ‘

i) [a] followed by a digit. .

aing - F-11 except “(a¥ng%) and (a#ng*#)

ain - F-21 éxcept (a#n%) and (a#n*$)
a#i - F=51 '
a#o - F-53 except case (a#o#)

a$ - F-81 ..



ii)

iv)

vi)

The

>
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-

[e] followed by a digit.

e#ng - F-34 except (e#ﬁgé; and (e#ng*#)
e$n - F-24 except (e#n%) and (e#n*#)
efr - I-01, F-92 except (e#rs)

e#i - F-52

e# - F-41 ’

. [i] followed by a digit.

i#ng - ?—12 except g;#néif/;;; (i#ng*#) -
i#n - F-22 except (i#n%) and (i#n*§)
. i#u - F-73

it - F-92

[o] followed by a digit.

of#ng - F-13 except (o#ng%) and (o#ng*#):
o#u - F-54
o# - F-82 N

[u] followed by a digit.

F—-43 except (u#n%) and (u#n*§)

(1)uén -

(!)u# - F=71 .
u#ng - F-13 except (u#ng%) and (u#ngf#)
uén - F-23 except (u#n%) -and (u#n*§)

© . (2) letter [u] followed by the special character [:].

German um-laut [u] is ‘found, for four valid

possibilities which are classifigd/ég/ggllows;

u; e - F-83 except Tusted)
uz# - F-71

u:el' - F-83 except (u:e#)
u; - F=71

.

PRI R U - . o ome e 53l s N Y Pt NBRT wr & § & ..
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(3);Letter [i] or [u] followea by one of these letters
‘ [a), [e], [i], [o], [u] and a digit.
If the second letter is either [a], or [e], or [o],
it is possible that the current syllable contains—
only one single vowel with neutral tone which ends
at-the first letter of the final string. However,
in Mandarin, a neutral tone freqluently appears a%
the end of a word. The representation of this kind '
of finél is considered as a vowel followed bj either
another véwel, or anqther vowel plus a nasal
" consonant, or a diphtggng, and the tene is
represented by the digit. It is also reqhired to
check several characters further in~order to break
the syllable at the proper place. The following
listing shows the corresponding final string’and its

final code,

i) [ia] followed by a digit.

ia#ng - F-l4lexcept (ia#ing%) and (ia#ng*#)
ia#n - PF=-33 except (ia#n%) and (ia¥ng*#) -
jato - F-32 except (iajo}) |

’ ia# - F-31

ii) [ie] followed by a digit.
ie# - F-84 i
iii)v[fo] followed by a digit.
(1)io#ng - ’F—44
i - F-92
iv)‘[iu] followed by a digit



Py nn Tty wgmee n o L = e

=

iu# - FPF-73

v) [ua] followed by

(1)ua#n - F-42

. ua#ng .- F-63

‘ ua¥n - F-64
ua#i - F-62

' ua# - F-61

., vi) [ue] followed by
(l)ue§ - F-83

u " - F-71

vii) [Jif followed by
u}# . — F-74

viii) [uo] followed by
u (o#$u) - F-71

uo# - F-91

49

a digit
except (lua#n%) and (lua¥n*#)
except (ua#ng%) and (ua¥ng*#)

except (ua#n%) and (uan*$)

! \

a digit.

a digit. -

a digit.

(4) There is no digit found in the first three places.

In this case, the syllable is unstressed, the final

code can be determined in the following manner:

i) string starting with [a].

ang - F-11
an - F-21
ai - F-51
ao - F-53
a - F-81

except (ang%) and (ang*#)

except (an%$) and (an*#)

ii) string starting with [e].-

er - 1I-01,

. eng — F-34 except (eng$) and (eng*$)

F-92 except (er%) .
f

N T T BT AT 1 TR T
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en
ei

e

F-24
F-52

F-41

50

except (en%) and (en*#)’

iii) string starting with [i].

iv)

v)

ing
in
iang
ian
iao
ia
iu
ie-
{l)iong

i

F-12
F-22
F-14
F-33
F-32
F-31
F-73
F-84
F-44

F-92

except (iﬁg%) and (ing*#)
except (in%) and (in*#)
except (iang%) and (iang*#)
except (iant%) and (ian*$)
except (iao#)

.
'

except (iong%) and (iong*#$)

string starting with [o].

ong
ou

(o)

{!)uan
(l)un
(!)ue
(l)u
un
uang
uan

uai

- F-13 except (ong%) and (ong*#)

- F-54

F-82

F-42
F-43
F-83

F-71"

P-23

F-63
F-64
F-62

'string‘starting with [u].

except (luan%) and (luan*$)

except (lunt) and (fun*$)

except (un%) and (un*#)
except (uangt) and (uang*#)
except (uan%{ JLd (uan*g)

\
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i
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ua - F-61 I
L uj - F-74
wo | 7/ F-91
u - F=72 /
A G

4.4 Converting Pinyin Syllable Into Suen's Phonemes

[

Once each Pinyin word has been decomposed into

syllable (s), then each of these syllables can be canverted

to Suen's phoneme representation according to the following '

rules. J \

(A) Rules converting initial letter(s) of Pinyin syllables.
i) The letter [z] or'[c] followed by letter ‘[h].

[zh] ==-=> '3 |
[ch] ——> 'rc!

ii) The letter [y] foild&ed by [u] or [ongl.
[yu] ===> 'yu:!
[y(ong)] -==> 'yu:'

iii) The syllable starts with [c] or [2].
[z] ---> 'ds'

[e] ===> 'ts' -

A Y

(B) Rules converting the final part of Pinyin syllable.

i) the final part of the syllable conaistiné only letter
[e].

J__) 'uhl

ii) syllable ends with [en], [engl].

t 3 . ’ S e

ms«wm-hquwxw&uﬂ.:' e ML SUFr Leer L 0 - .  en ¥ i -
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[e] ==~> 'u' . .
iii) syllable ends with letter [e]. |
[e] ---> 'eh’ |
iv) Letter {[i], [u:] or [y] in front of [an].
[a] —=-> 'e' !

v) Letter [o] followed by [ng].

vi) Letter [u] followed by [n] or [ift\\\\\ '

[ui] ===> "w' + 'ei!
fu(n)] ===> '00'
vii) Letter[a] followed by [o]. -

[ac] ===-> ‘'au'

4.5 Converting Chinese Phonetic Characters Into Phonemes

Every Chinese Phonetic Character contains one tone, one
initial code and one final code. The pair of initial and
final codes can be easily converted into Suen's phoneme

representation as follows:

(A) decode initial code.

i) If code I-01 or 1-07 is found, the syllable starts
with a vowel or diphthong, the initial code wiil not
be converted. '

ii) There are twenty-three recégnizable initial codes,

which can be decoded according to Table '4.1.

iii) Other cases are invalid entries.’

L

(B) decode final code.
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i) 1If the initial code 1is found to be 1I-21, the
semi-vowel 'y’ initializes the syllable. There are
fourteen Jalid final codes which can be decoded
according to Table 4.2.

ii) If~tpe initial code is ‘I-11, the syllable starts with'
the semi-vowel 'w'; There are nine recognizable
final codes which are 1listed in Table 4.3 with
phonemes represented in Suen's system. i

aiii) The syllable staitsxyith a consonant, a vowel or a

diphthong, the final code can bé decoded according.

3y

to Table 4.4.

* A r—— o . — e py =




Table, 4.1

54

Listing Of Chan's Initial Code vs. Suents
Phoneme Representation

Chan's

Initial Code q

Suen's Phonenme -
Representation

I-02
I-03
I-04
I-05
I-06
I-08
I-09
I-10
I-11
I-.12
I-13
I-14
I-15
I-16
I-17
. I-18
I-19
I-20
I-21
I-22
+ I-23
I-24
I-25

i

’

g*g:sx~<m N~ oo e
\
\
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Listing Of Chan's Final Code With Initial Code
I-21 vs. Suen's Phoneme Representation

Chan's Suen's Phoneme
Final Code: Representation
—_— .-

F=12 ing

F-14 ang

F=22° in

F=31 a

F-32 +  au

F=33 . en

F-l2 uten ‘

F=43 ‘un ’

F-44 usoong

F-T71 ui

F=-73 ou

F-83 uzeh

F-84 eh ' -~

F-92 i

~

Listing Of Chan's Final Code With Initial
I-11 vs. Suen's Phoneme Representation

Chan's Suen's Phoneme
Final Code - Representation
DURREEE—
F-13 ung
F-23 un
F-61 a '
F-62 ai \ .
F-63 ang :
F-64 an
F-72 u
F-T4 el o
F=91 . ' o
. "

\

SRR R Sy e |y

Code

- e, e ~

: . .
[P RS R i tgendeici
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Table 4.4 ¢ Listing Of Chan's Final Code With A Consonant, A
. Vowel Or A Diphthong Initial vs. Suen's Phoneme

. Representation
Chan" s Suen's Phoneme
Final Code Representation .

© F=-11 . ang
F-12 - ing
F-13 oong C
F-14 \ ilang “
F=-21 ’ ©. an
F-22 ‘ in
F=23 oon
F-24 un *
F=31 ' ia
F-32. iau T
F-33 ien

. F-34 ung .
F=l1 uh
* ﬁl F-42 . ‘uten
F=li3 usn
_F-Uuy . usoong
F=51 ai ' )
F-52 ei .
F=53 au '
Fe54 ou
F=61 wa
F-62 wai
F=63 wang Ky
F-64 : wan .
F-T71 us
F=T72 u
F=-73 iu ‘ -
F-T4 . weli Y
~ F-81 a ‘ . ‘

F-_Bz o]
F-83 . usuh .
F=84 ieh
F-91 wo ‘
F=92 er(with initial code I-01)

F-92 i(other cases)

g

/)
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Chapter‘w Y

Results
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5.1 Distribution Of Initials And Finals Of Chan's System

L

Table 5.1 pfesents the frequency- 'and percent frequency
diétr%bution of the twenty-five Chan's/}nitial,codes in the
entire data. Code I-17(9.71%) represents the most
frequently used consonant | 'a! and code I-07(0. 48%)
represents the least frequently used syllable among those
which start with a vowel or a diphthong. Thevrank order of
each Chan's initial with the co;responding tone is listed in
Table 5.2. The percent proportiop of Chan's initials in the

data is illustrated in Fig. 5.1. .

Table 5;3»presents the frequency and percent frequency

distribution of the thirty-four Chan's final codes in the

entire set of data. Code P-92(17.04%) represents the most

o

frequently used vowel 'i' and code F~82(0.80%) represents

N
the least frequently used vowel ‘o', Table 5.4 1lists the

rank order of all Chan's finals. The percent proportion of
[ \ ' " ‘ _
Chan's finals in the overall data is illustrated in

Figo 5-20 , ! . . '\
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5.1 Histogram of Chan's Initial symbols

3
" k]
’ &
* ]
3 Al o
[ B ’T\
o - , -
' -l
-t
9.71¢ ! ,
PDEREL . .
1 = . .
A \
. 7,70 ,
i .
.
62 5.m 5508 " :
5.0
W ..708 ‘
) ‘ WA b kv
- F - 430K &.22¢ 009
-
" J
, ,
G
‘
\ r
L
1-17 121 1-0) 118 I-05 1-25 5-22 1-06 1) I-15 Il 320 1-16
A A I B T U U N
"
o
»
3.6
3. .
] M y.224 )
. 2.0 "
i .
’ 2,04 2.0% | g9
1.52€
uu
£ °" 0.0t
IRk
1-10 143 1-24 1-06  1.19 1482 102 1-08 IW l\h o1
CETYYNEY NS
0 .
X

, e
g e —— AT
. p;
- '§
. 3
. =
) ;}
J
-
f
L
. N
1
- i
& ;
.
*~.
. -
- i
L3
.
L2
s
'
%
1 13
H
t T
-
3 .
L]
* v
2
‘
o
f
N
A

q

*
1
®
.
s
! w
~ e
' ¥
.
M
N
. f )
;
: !
3
{
¢ 4
«
‘ H
he 0
5
.
y
,
5 .
\
. 1,‘ ’ '
LY “‘
n“ .
. .
\
,
. N
T
. b N 1 Ys.
Vo



e o]

Lo
. . 59
¢ .o
N , . . .
H \ ’ . . gy
¥ ] ‘
, ’ . f ' symbols .
3 . Fig. 5.2 Histogram of Chan's Final sym /1 \ ‘
v - ..
N . ) 17,008 .
e - .
. : S . !
- . ‘\ L 4 . ' .
d .
s 2 , .
. - M A - *
. ¥ B o
X - / . .
4 , , -
t . . N
: . » . .
s N -.» ° s
1 ~ N '“ K ° - .
b ‘: . » © - " M
R s M . .
g . ° ! - . L, e ~
§ - 10.85%
’ o #] . IS ®
. t N
TR T ’ ‘. “ . . ¢
- 0y ¢
% - H . : . - K
H . , N .
& . . .
{ .
2 )
N E " ‘ b B \ ’ S -
, -5.50% 5.08m . . . .
M '—1 + -
- . ' 4 .
.o ‘ u.rt;u o, K . .
? * ‘ d - b, 168 QO f
. @ M + _1 \
- . cea IEB 35K 5 g -
- . 1 . ] [ bR 3.0 N
! 5
¥ v . t .
. - ] Y
! i - N ‘
L : / }
s . [ i . * ~
» . . | .
Sk E . . |
' T P9 peal pag2. PeB1 YY) PRl ey P26 P21 PSY Paqy Pa3y
. \ P 4 n :n [+] » a r v n . 1. m »
. ,
D . ‘ * v
N .o
Cr 2,968 2.9%¢ L 4 . . . ,
»’ » . ‘ ll
4 2.8 .
&. . 3.1%% 2,078 4,088 1.061.940 3,908 ’ ' I
. . . . . 199 | , . )
v ‘ ) . e \ ‘
Ly . N N o
) “E N )
", PoTY) Pa1Z Pe7h P-3 pusk Potk. P32 P-Be P22 Pe7i P52 u
. ‘ . > € . v 4 w e a Y
L b ) » ‘ hd
» ) K . N - i ¥ .
T ' ' . ) ' t.298 [ !
. 0. . .-
. PR % O‘.N 0.008 0,726 0.79% ¢.098 . .
. o e . . 0. .
- A . b . . 0,34 0.)28 0.4
x i fe : i J ' [ e :
R .t v Peth PN peg) P-RY P-2) Pehd peby Pot2 Peb) PeBh P-h B
. » > » s <. p  w L ' :
“ . « AR N . “ .
' » " . N " M N
. - o . ‘ - 2 .
v - ", ¢ o .
- . .. 14
. o o - .
’:\ (" 8’ - ‘ '. » - .lw LR . ¢ . s a———
T ——e s gD T e I R




|

Fig.'

»~ ' N
"
«

5.3 Histoétam of Suen's phonetic 8ymbols

298
) .
5.80%
—
N
b, Sl
Yy
.91¢
= LA W1
A ’_1 ), Y™

i n a  uluh) ng w ‘a y oofwu) o(uh)rsh 71 »

?.il’z)”
: 2.22% -
202‘19'¢ll‘ll~i,7,‘,7“ 1798 1.6% 1.608

[T

Ill

rd

1,078
o.0 o.83% 0.7 o.0188 o. R
0.5 . {m 0.0 0% .
: 0nn NN
i ounrds ch re K [y r s ‘tu ts p er

Y M tvem—



61

5.2 Distribution Of Suen's Phonemes

N

Table 5.5 presents thé frequency and percent frequency
distribution of Suen's phonemes in all three sets of data.
The rank order of the thirty-seven phonemes is 1istéd in
Table 5.6. The percent distributions of the various types

of phonemes are as follows:

Consonants : 46.93%

Semi-vowels : 8.2é%2

Vowels : 37.11%

Diphthongs : 7.70%
TabléA5.7 shows the relative percent proportion of phonemes
in the data which have been classifie;. into consonants,

semi-vowels, vowels and diphthongs. The histogram of all

the thirty-seven phonemes is illustrated in Fig 5.3.

Among the consonants, the nasal 'n'(17.588%) is the most
frequently used consonant. However, only 17.05% of this
consonant ,is used to init(alize a syllable. The nasal

. \
'ng'(12.36%) is the second most frequently used consonant,

followed by the unaspirated\ plosive 'd'(8.33%), fricative
]

'sh'(6.67%) and ' lateral '1'(5.26%). The least frequently
used consonants are listed in ascending order as follows:

aspirated plosive "ts' (1.00%), fricative 'sf(l.31§),

N Id

L L T TV T TS Y - w
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'r'(1.65%), '£'(1.74%), and aspirated plosive 'k‘(l:75%).

Aﬁong tﬂe vowels, the front-high ‘Yowe% 'i' (33.10%) is
the one most frequently used, followd by the central-low
vowel 'a'(19.17%), and central-mid vowel ‘'u(uh)'(18.52%).
The central-miq ‘er' (0.88%) is the least frequently used

vowel.

Among the diphtongs, the diphthong ‘'iu'(7.43%) is the
one least frequently used while the diphthong 'au' (28.77%)

is the most freqguently used one.

5.3 Distribution Of Tones

5

Table 5.8 lists the frequency and percent £frequency
distribution of every tone in all three sets of data. It ‘
shows that the fourth tone is used mogt frequently, and the
neutral tone is used least freguently.

) | .

5.4 Distribution Of Syllables

~

There are totally 37,639 syllables in the data, among

them, 4,989 syllables come from set one, 6,151 syllables

-

from set two, and 26,499 syllables from set-three. All

these syllables can be classified into 396 identical

syllables without taking tone into consideration and 1,194
syllables wheh( the tone 1is taken into consideration.
Therefore, the average appearance of each identical syllable

is 66.92 times without tone and 22.19 for syllables with
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tone,

In all these syilables, 32,503(85.16%) syllables begin
with a consonant, 5,104(13.56%) 'éyllables begin with a
" semi-vowel, 442(l1.17%) syllables Segin with a vowel, and
only 40(0.11%) syllables begin with a diphthong. Also,
there are 11,824(31.41%) syllables which end with a nasal
consonant, and among them, 6,399(17%) syllables end with the
nasal consonant 'n' and 5,425(14.41%) syllables end with
'ng'. There are 18,616(49.46%) syllables ending with a
vowel, and 7,199(19.13%) syllables with a diphthong.
Concerning the number of phonemes in a syllable, there are
429 (1.14%) syllables which contain only one phoneme,
21,80 ?7.93%) syllables which contain two phonemes,
12,162(32.31%) syllables which contain three phonemes, and
3,243(8.62%) syllables which contain four phonemes. The

average number of phonemes ﬁer syllable is 2.48.

The ten most frequently used syllables excluding and
including tone in the data have been 1listed in Tables 5.9

and 5.10 respectively.

5.5 N-gram Analysis Of Phonemes In Database

There are 5,251 clauses in the database. Among them 752
clauses come from set one, 1,109 from set two‘and 3,390 from
set three. Every clause can be considered as a phoneme
string which is used as an entry in n-gram analysis.

N -

+
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Coy
The n-gram analysis is wused to' find the occurrence
frequency and percent distribution of a substring which
. contains from one up to five phonemes, since n 1is not
greater than five in this analysis. For example, the clause
'ni3 hau3 ma?' which means how are you, contains six
phonemes. Every phoneme can be the entry of a substring.
Entry 'n' can form five substrings‘ ‘n', 'n-i','n-i-h‘,
'n-i-h-au', and 'n~i-h-au-m'. Table 5.11 shows the
‘frequency of occurrence of a substring with the starting
phoneme and the percentage of frequency of occurrence.
3

Table 5.12 lists the most frequent occurring phoneme string

together with their percent frequency distribution.

5.6 Summary

- ‘\}

The total computing time required for the process of
segmenting all the data is 27.65 seconds, in which set one
takes 3.76 seconds, setitwo takes 4.54 seconds and set three
takes 19.35 seconds. #&ll the results, which include the
number of clauses, words, syilables, and letters in each set
of data, are summarized in Table 5.13. Table 5.14 lists the
distribution frequency and the percent frequency of
consonants, semi-vowels, vowels and Piphthongs found in each

set of data.

!

N
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Table 5.2 Rank Order Of Chan's Initials

/
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Table 5.6 Rank Order Of Suen's Phonemes

RANK Tone 1 Tone 2 Tone 3 Tone 4 Neutral Overall
g i n i i u(uh) i
2 a 1 n a d n
3 n ng a n . b3 a
& ng u{un) w w i u{uh)
5. t a y ng a ng
. 6 v oo(u) ng ah » v
7 oo(u) [ d n d
8 rj e{eh) ou y ng y
9 w au oo{u) sh f oo(u)
10 an h e(eh) u{uh) s e(eh)
n e(eh) 1 oo(u) e{ehn) rj sh
12 u(uh) [ D | au ds 1
13 x r x rJ oo{u) r)
14 g sh u(uh) 3 ai 3
15 Y ui b ai b au
16/ ¢ ai \ 3 as or x
17 o rec h b - - - c¢h h
18 rec ch 8 x X ai
19 r t [ 33 ui L] °
20 ch b r} h e(eh) n
21 b x d el 3 b
22 ou el as 1 h 4
23 h au us k ou - t
24 au ts n IS f ut
25 s 3 sh [ ug ou
26 us ou k ou Y ds
217 ei o ch ch [ ch
28 ai p ai iu au [ 3§
29 k iu ? | ] re ro
30 ts d 4 s t k
31 [ 4 ro r X f
32 da '3 t p ] r
33 iu or iu f r ]
34 1 ds ts t ei iu
3% m rj p ta iu k. .
36 r s r er 3 P
37 er k ar rec ts - er
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Table 5.8 The Distridution Of Tones
El .
f 2
Smmvncnnw e rcm e cccspeannn Uiy iy gy Uy g Sy P crsmsomnmanrenad
| | | I |
I TONE | Set 1 | Set 2 N Set '3 |
| |
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i t | i

|
Overall |
|
|

) ;| ' g . |
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| ' | o | ’
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| | ) |
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~l I I I
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| l . . | : |
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Phonetic Letters
per Syllable
(counting tone
as a letter)

4.29 .

un t- 86
Table 5.13 The occurrence frequency of clauses, words,
syllables, phonemes, and letters oi;: the database
Set 1 Set 2 set 3 Total
5 - o
Total No. Of '
Clauses 752 1109 3390 5251
Total No. Of o .
Words . 3235 13998 17038 24271
Total No. Of ) ‘
Syllables 4989 6151 26499 37639
Total No. Of |
. Phonemes @ 12457 15297 65741 93495
7 « ’ ‘ . - Ve
Total No. Of . . . '
‘Pinyin Letters < 19046 23863 - 101407 144316
(counting tgne *
— * as a letter) ’
Total No; of ,
Suen's . - ) L
Phonetic Letters 1640ﬂ" 20125 87076 123601
,o (without counting tone) L .

. Syllables per P )
Wor 1.54 1.54 1.%6 1.55
Pbonemes per : . '
Syllable 2. sy 2. 49 . 2.48 2.48

| Pinyin Letters . , )
per Syllable 3.82 3.88 =~ =~ 3.83° 3.83
Suen's -

»«Phonetic Letters . .

‘ per Sy.}.l. able 3.29 3.27 z3.29 . 3.28

. E (withou$} counting tone) .
Suen's

-
-,
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. \ . . . < = \ . -
. N ) . , < Set 1 Set 2 Set 3 Total -
N ~ - . v \\ .
. N . I _, . < ; . ‘ ] ~
N ey Consonants 5880 7057 30938 43875
. . . h7.20% £6.138% 47.06% K6.93%
. ‘\\\ * a
v o ’ " Semi-vowels 1001 . 1304 < 5820 . 1125 .
- 8.048 8.52% B.243 8.26%
\ . ' ' ) - _
) - -
. ' : . ~  Vowels . 4554 | 5679 24463 34696
, ' 36.56% 37.12% 3T.218 37.11% .
‘ Diphthongs 1022 1257 4920 7199
8.20% . 8.22% 7.48% 1.70%
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Chapter VI

N e "\ - : & * \

' ) Conclusions , \\\\
- . - - - \ - 3 A

Thé Pinyin, Chan's and Suen's ‘phdnetic systems ﬁéve\bggp
~ N\ . b T .

» . R Y
- studied in detail in this thesis. An algorithm has been

. w 1mplemented‘to segment each Pinyin wq;d into syllables"and

~,

convert each syllable ‘:into ann“s codes. $ome analytical

“results have been obtained and listed in Chapter Five.

> et

In this Chapter, the problems encountered during the

segmentation process.are discussed. Later, Chan's system is -
! ! . .
compared with Suen's based on the \.criteria for® an ideal.

phonetic system and Suen's résults published in 1979.
, . LN i
Finally, possible® improvements and future studies on

Mandarin are discussed in the end.

6.1 The Problems In Segmentation ' o \

Hs

»

The algorithmm presented in Chapher Five attempts to

. segment each Pinyin word into syllables at the proper

~

s \ . . Co
position. However, several .difficult cases have -been

encountered in determining the ‘proper position for
h \ R

segmentation ' of. syllables in Pinyjn gystem and they are

listed below. : Y

~
-

" 17'(1) The letter [n]. is preceded by letter [a] or [e] " or (1]

1 ‘ -

. ' e N7 v
.
4 N
n . .
{4 . * L
. [
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»

(2)

(3)

or [a] ‘or [u]: This [n]™ may be or-may ngé be the
initial congonant of ' the foilowing 'syliablé; if the’
ﬁollohing letter 1is -éither {a], or [e] or_[o]. ﬂﬁor
gxamgle, /?e3ne4/( where [p] can be considered Bsu the
enaing . consonant of the firgi syllable or the ipitial

consonant of the next syllable. If this word is divided
into . two syllables, based on the fact that the vowel. .
starting syllables have lower, freéuency, it becomes

/he3/ and /ne4/,'which has no meaning at all, This word

should be, interpreted as )he3n/(4&.) and /ed/ $&K), it
means;Qery hQngry. i

\ -

The letter [g] is preceded by the letter [n].
N - o ‘
This letter {g] may be part of the nasal coneonant 'ng'
. ® .

o

v

gr the initial consonant of the follbwing‘syllable. For .
ihstance, the word /xiélngaln/, can -be divideda as

/xialn/ and /géln/(;biiJ)'ér /xialng/ and Yaln/ (&3 ) .

" v

The letter [a], or [e],‘or [o] 1is preceded 'by either
fa], or :[i], or [u] or [u:), such as /éo[,,/ia/,’/ie/, )
/ua/, /Juo/, /ue/, Jure/ and /u:a/. '

These letters can also form énqthgr syllable which

starts with a vowel or diphthong. For example, /liado/

.cah contain three syllables /1i/, /a4/ and /6/ or two

- string is treated as one syllable in the current studyl-
. © - .

syllables /lia4/ and /o/, or /li/ and /ado/, or only one

syllabie /liad4o/. As a matter of fact,i tﬁis_ ch&racﬁer

because the neutral tone usually occurs at the end '

\"‘ﬁ f

VA b ot M A




instead of the beginning of the syllable. -

6.2 Comparilson Of Suen®s And Chan's Répresentations /

)

r

v «Based\\ph the criteria for an ideal phonetic system as

.mentioned in Chapter One, a comparison of - both’ Suen's and

A}

’ .

’

¢

1

Chan's 'system has been made as follows:

3 » |

(1) Consistency

In Sueq‘é system, only letter [u]

. represenmts—two different -vowels.

However,

»

in

Chan's

.

: system, some of the finals have two pronunciatfoné

depending on the initial. For example the final code

- . -‘ - 0\ .
F-13(3 ) can be pronounced as 'oo-ng', if the initial
AU : ‘ :

is a consonant or pronounced as 'u-ng', if the _initial
Ve ., M

s
l

is a semi-vowel. However, 'these iﬁansiStencies can be
. ' . \1.' N .
0 o detected by using the rules providied in Chapter

Three

-

%
.

for‘bo}h systems. .. . .

» !
* . P
B

(2) Easy Recogniﬁion , Suen's ‘represehtgtions using Latdn

ané human to

. letters are easier” for the computer

v A recognize, but Chan's Chinesel?honetic Charlacters look

~

more like Chinese characters, the images are hard for

"y the computer to recognize, and for’ human beings to

¢ - .

' ]

" - .learn.’ & B .
i . ” LI ) !

p : ’ : 4 .
Suen's representations are easy for those

5 3 - (3) Aeccuracy
' ‘ ' people 'who know a Western language, especialiy English,

to pronounce the ‘syllables accurately, because this

system uées; the International Phphetic Symbels to
K NN . . . ) N

[}

\

.
.
; /‘\

e

3

N
B e e v

PR T




) ,represént—most of ¢ the Mandarin phonemes., However,
Chan's representations are dlfficult to learn nét only

, e - . .
for a foreigner, but'also for Chlnese people, because’

4

all the symbols ard totally new, And many shapes of

»

be confused.

(4) Easy For Computer Ingpt/Oqgght Suen's tepre;enfationg
; ' —

consist of 1etter‘etrings, any ordinary key-board or
printer can handle input/odtput without any problem.
}

Chan's symbols present difficulties in entry through an

.ordinary comphter‘ keyboard. S5ince a pair of Chan's

symbols, one initial and one final, looks like a Chinese_

>~

N s

Chan's eymbolS'léok very similat, that is, vetyleasy to

L )

i \

. _character, which must ‘be ‘displayed in. graphics mode.

[
H

(5) Flelelllgy - o Since _ Suen's representations are

created accordlng to phoneme featu;es, it 1is easy to

create \a' new syllable. However, in Chan's system, if

the syllable hés 3 new initial or final, a new symbol

must be invented for representation. o

¢
1

, . 4

T T———

. '?ET\Length Of . gxllable Chan's representation has the

advantage that it requ1res only two symbols to represent
one syllabe with tone, but in Suen's tepresentatlon, it
~; equ1res one ‘or two letters to represent one .phoneme;
\ hence a syllable in Snen s sye}em.may have uo'to four
E : phonemes plus the tone. According‘to the data used in
this study, the averaée lengtn of_ each syllable in

oy ’

-

[]

-

”
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.
-2

o\ L ' e
' ,6-2 T
3’" . | 5 ) ‘- oA - ) ) '
Suen's representations is 3.28 letters without tone;
witﬁ,ltgne, 4.15 lettéfs noi including the neutral tone,K R '
) . and 4.28 letters in;luding the neutral tone. \\//f///
\ : L e

. 643 Results of Comparison ' : .
7 3 . ’

. ‘. * . . .‘ Y
The data used in this study are collected from three
oo ) '

different books. Therefore, the number of wogds,'syllables

.and phonemes involved in these three sets -of data are

differentu However, as discussed in Chapter Five, the

4

"average number of syllables in each word and fhe average

. -

. number of‘ phonemes .in each syllable are more or less the

b i
*

“same in these three sets of data. Moreover, the percent

frequency of consonants, semi-vowels, vowels and diphthongs

'

are very similar in these three séts of data.

With respect to tone distribution, the .results of set

»

. 6ne éhd set.three are'very:clése,to each other.” The percent
f("f;eguency of tone four is closekto 30%, neutral tone around
15%, _ané _tbey rest of the three tones between 18 and 19%.

The reusults df set two show that the pe;cent ‘frequehcy of
tone four -is 30.04%, bu;, the neutral tone only occupies
}O.SO%, tone two 14.88%, tone one 20.24%,\“aq§ tone three
24.34%. Neverthéless, tone four is the most’ fFequent%y used

and the neutral tone is the least frequently used in these

N [
three sets of 'data.

»
0

-

-
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In April 1979, -Ds. Suen published a book, called | .’
"Computational Apalysis Of Mandarin"[22], with results .
.o . . " 1ol 4 :

./

t

obtained from a da-tal;ase, of 75‘3,941. syllables from a book
¢alled "A Study On The High Frequencyo Words Used In Chinese
Elementary School Reading Materials™[l]. 'In that book, -

_there ar,e '1,883,46'2 phonemes in total. ‘ATl the results are’

listed ag follows: . - ‘ .
' /e ‘ My results | Suen's results
Z ' ‘Total syllables 374639 ' 753,941
' Total phonemes © ' . 93,495 ' 1,883,462
Avetage- phonemes T 7
% per syllal::le ) 2.50 . , ' 2.48 .
' Consonants « 46.78% ‘ 46.93%
' Semi-wowels . ‘ 8.38% - . B8.26%
Vowels C37.13% . . 37.f1%f - .
I Diphthongs . 7.70% ' © 7.70%
, Tone 1’ 21.39% | 'IB:97% *
: Tone 2 T . 20.408 . " 18.68% .,
? Tone 3 - - 17.75% ; 19.238 '
? - “Tone 4 . 34.46% ‘i\\\\\;\\\ 29.35%
! Neutral tone . . ©13.77% ‘ . T~ 6.01%

.- )

As can be seen from the results, they are verj similar

except the differences in percent, frequency in the tones
ranging from 2.5% to 7.0%. The main reason is that Suen's
data are taken from syllables of independent words mainly

from written texts and my syllables are s'egmented from words
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in meaningful clauses or sentences used in conversation. In

' ‘ Mandarin, the syllables at the end of the clauses or

- - A

sentences are - sometimes spokén . in . a nentral © tone. .
- . Therefore, Suen's tebults have a lower® percent fregquyency of
the neutral toﬁe, this gives rise to a- slightly higher

percentage in the other four tones.

v
™

And Research . e
CQ;l‘

- 6.4 Further Improvements

In order to eliminate those problems mentioned in 6.1 in

»

" the Pinyin systen, some . @ambiguous phoneme strings(need to be

]

analysed further by the computer and improved.
P “ '

4

‘
- To make Chan's systeﬁ\mogeiconveﬁient and efficient for
) ncomput;f input/output, it i's suggested to change the s;mbolé
and ﬁevise the séquence of the initial and final coQgs to .
facilitate computer storége and processings - ) ———

Among all the existing Mandarin phonetic systems, Suen's
N [ 4 .
system 1is the most suitable one for computer input/output.

as -/

-
(4

R‘ghﬁ now, the tonal #@rks of syllables . are the same
Pinyin. For computer pEocessfng, it would be more
convenient if these tonal marks are déhnoted by digits and

placed at the en% of the éyllables.
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(2]

[3]

Kong, 1981. ! . .

[4]
[51]
(6]

(7]

(8]

[9]

(10]

[11] "Elementary Chinese", :part ‘I, Shangwuyinshukwaﬁ

et t—— -
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