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English vs. Thai

The next morning, as soon as the sun was up,

they started on their way, and soon saw a
beautiful green glow in the sky just before
them.

Y

1 Y, ~ Y, I~ a Y,
L%W@]@?JT ‘Vll!ﬁ‘ﬂﬁgﬁjuﬁuWQﬂLmWﬂ@@ﬂlﬂuﬂTQﬂullagﬁclu
'Y & ~ Y, P A ,
Ulil‘flﬂﬂl‘l’iullﬂ\‘lEIﬂLGUEJ’N@QT?J‘VH‘UV]@\‘]%T@QLU@QWHT



Why Word Segmentation?

= Words are required in every area of
text and speech processing

= Information Retrieval

= Machine Translation

= Text-to-Speech Synthesis

= Automatic Speech Recognition

TTTTTTTTTT



Why Syllable Segmentation?

= A syllable is easier to define and
more consistent in analysis than a

word
= Important for determining how a

character is pronounced, benefiting
text-to-speech and automatic

Romanization
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Thai Characters

= Thai is an alphabetical language

= 44 characters for 21 consonant
sounds

= 19 characters for 24 vowel sounds
(18 single vowels and 6 diphthongs)

= 4 characters for tone markers (5
tones)

= Special symbols and numbers
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Thai Characters

ol o2 a3 o4

Upper vowel Fropt vowel | Tone [Rear vowel

W ﬁ i] CL! gj Middle Level
Lower level

Lower Vowel  Consonant

(Theeramunkong et al. 2000, Figure 1)
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Letter-to-Sound Relationship

= A character represents different
sounds depending on the syllable

position
311
N1
NU

UIN
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/ra:w/
/ka:n/
/tha:n/
/ba:t/



Letter-to-Sound Relationship

= However, the syllable position does
not guarantee the same
pronunciation

Ve /ban-dit/

UAUN /mon-tha:/
9 /the:/
TR /thau/
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Letter-to-Sound Relationship

= A sequence of consonants can
represent

= a single sound

N518 /sa:y/
= 3 consonhant cluster sound
IUNTT /can-thra:/

= or map to one leading syllable and an
initial consonant sound

aunsins  /kan-tha-ra:-ko:n/
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Letter-to-Sound Relationship

= A vowel sound may not be
represented by any vowel character

11 /pon/
N3350 /kan/
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Letter-to-Sound Relationship

= When the special character Karan is
placed above a character, it
sometimes indicates that one or

more preceding character is not
pronounced.
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Letter-to-Sound Relationship

= Homographs: the pronunciation
varies according to the semantic
context

1WA /phlau/ ‘axle’
/phe:-la:/ ‘time’

a5 /sa/ ‘pool’
/sa-ra/ ‘vowel’

BASIS 12
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Letter-to-Sound Conversion

= Aroonmanakun & Rivepiboon (2004)

= Segment a character string into
syllables using a trigram model of
syllables

= Generate all possible pronunciations
for each syllable

= Choose the pronunciation of each
syllable based on the results of word
segmentation and the statistical
information of pronunciation
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Letter-to-Sound Conversion

= Example-based

(Charoenpornsawat &

Schultz 2006, figure 2)

[ Thait Word ]

v

Syllable Segmention (4.1)

Syllable Selection (4.3)
Found an unmatchec
syllable?

The Closest Matching
Syllable Selection (4.4)

Grapheme-Phonene
Alignment (4.2)

Syllable
Modification ( 4.5)

Syllable Pronunciation
Concatenation

[ Pronunciation ]
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Word Segmentation

A§LIIJG‘I‘
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What is a word?

= Orthography-based

= |[Ce cream VsS. ice-cream

= Concept-based
proceedings
HINA0IIMUNANUNINITINS MM s saudunun
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What is a word?

= Orthography-based

= |[Ce cream VsS. ice-cream

= Concept-based
proceedings

WINTOIIWUNANUNIITINS Tumsdseaudunu

book collect article about academic in meeting seminar

= Degree of agreement among five speakers in

segmenting 3,070 syllables into words: 0.75
(Aroonmanakun 2002)
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Thai Word Segmentation

= Dictionary-based
= Longest Matching
= Maximal Matching
= Corpus-based
= Context words and POS tags

= Syllable-based trigram model and maximum
collocation strength

= Character types and character-based n-gram
model
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Dictionary-based

e

”Iﬂ’ﬂﬁiﬂuﬂ"liﬂ!

"
N

vV vV VY

v a

Re RKRe

vV Vv

Ty

go carry deviate color

Tvinuwd

go see queen
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Segmentation Ambiguity

= Context independent

VUL VUL VU1
Khmer bake beg give

FUNG FUNG FUNG
father low people group

BASIS 20
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Segmentation Ambiguity

= Context dependent

ANANAN 1§

eye round big

UINNAUNZLA

expose wind sea
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Corpus-based

= Meknavin & Charoenpornsawat (1997),
Charoenpornsawat (1999)

= Presence of a particular word within +/- 10
words ex. if anan has uilh ‘glittering’ in

context, the string is segmented as anau
‘round eyes’

= Collocations — test for a pattern of up to 2

contiguous words and/or POS tags around
target ex. if vin:m number measurement, the

result is 110
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Corpus-based

= Aroonmanakun (2002)

= Word segmentation as a process of
segmenting syllables (using a trigram
model) and merging syllables (based on
collocation strength)

= Approximately 200 syllable patterns are
defined

BASIS 23
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Corpus-based

= Haruechaiyasak et al. (2008)

= Training corpus contains characters
tagged with information on character
type and whether they are word-initial
or intra-word characters

= n-gram model of characters preceding
and following word boundary. n varies
from 3 to 11. Results improve with
larger n.

TTTTTTTTTT

24



Corpus-based

= Haruechaiyasak et al. (2008)
= 10 character types

Tag Type Example

Character that can be the final |povAITTUNDFVRILARON

C |consonant in a word sullwe nunsadAnava
Character that cannot be the

n [final consonant in a word BlQ MWW WA

v [Vowel that cannotbeginaword| = =~ 77 7 1 "1 9

w  [Vowel that can begin a word couw T 1 1

i |Tonal character -

s |Symbol I I

d [Digit character 0-9

q [Quote character S

p [Space character inside a word .

0 |Other character A-z
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Result Comparison

Approach Algorithm Precision | Recall | F1
LM-Lexitron 88.21| 86.91| 87.55

Dictionary- | LM-Domain 95.20| 88.55|91.75
based | MM-Lexitron 88.34| 87.39|87.86
MM-Domain 95.27| 88.92|91.98

Machine- | Naive Bayes 69.70| 60.60 | 64.90
learning- | pecision Tree 80.10| 75.10| 77.50
9E5EE Support Vector Machine 92.87| 88.71|90.74
Conditional Random Field 95.79| 94.98| 95.38

LM = Lexical Matching, MM = Maximal Matching

BASIS
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(Haruechaiyasak et al. 2008, Table II)
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Search Problems

A§LIIJG‘I‘
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Word Boundary

Query: a1 ‘galangal’
Results:

I~ 4 1 2
o1l uFes v EYde ‘Akha’

a5z ‘news’
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Incorrect or Inconsistent Transliteration

Internet

a J <
RA213213015219

a 4
RA213213 15219
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Variations in Romanization

= Romanization based on orthographic
form, pronunciation, or both

Wutthisak Vuttisak
g@ﬁﬁﬂﬁd Vudhisakdi Wuthisak

Wutisuk Wudhisak

Vudhisukdi Wutisak

= Can one of the transliterated or

romanized variants be used in a single
search which covers all variants at once?
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Compounds
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9y
Y ol .
10 Inas lnagaindalan ‘perigee’

point orbit near most from pole earth

AaINNUULITTUD ‘lottery’

lots eat distribute government

590 lagasusza1nia ‘bus’

car take regular way
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Compounds
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9y
Y ol .
10 Inas lnagaindalan ‘perigee’

point orbit near most from pole earth

GORRITINER TR ‘lottery’

lots eat distribute government

59 lagansuszainia ‘bus’

car take regular way
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Compounds
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9y
% ol .
10 Inas lnagaindalan ‘perigee’

point orbit near most from pole earth

SR INER TR ‘lottery’

lots eat distribute government

590 Iaga1susza1nia ‘bus’

car take regular way
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Thai Search Methods

= Dictionary-based

Web

Documents Keywords
S S
Ward Waord
Segmentation Segmentation

S

Data Indexing ™ Indexes o Searching
B

Fanking
o b

Results

BASIS (Tongchim et al. 2006, figure 1) 34



Thai Search Methods

= Suffix array-based

Web Keywords
Documents -
. . M, . ) i Word Score
Data Indexing . Indexing File = > Searching “x Measurement
Fanking
Ly
Results

BASIS (Tongchim et al. 2006, figure 2) 35



Suffix Array Construction

Text [a b r a ¢ :
Index |0 1 2 3 4 5 6 7 & 9 10

Suffix Index sorted Suffix Index

a b r ae¢c ad abr a () a 1()
b rac¢ ada b r a 1 a b r a 7
r a ¢ a d a b r a 2 a b r a ¢ a d a b r a ()

a ¢ ad a b r a 3 a ¢ a d a b r a 3

¢t a d a b r a 4 |::> a d a b r a D

a d a b r al| 5 b r a 8

d a b r a B b r a ¢ a d a b r a 1

a b r a T ¢ a d a b r a 4

b r a i d a b r a B

r al| 9 r a 9

a| 10 r a ¢ a d a b r a 2

Il
BASIS Wwli7(0(3|a|8|1[4|6|9]|2 | y




2300

2000

[
cn
—
(=]

Indexing Time (Sac)
=
—
[

500

Thai Search Methods

Performance Evalualation on Absolute Indexing Time

= Suffix

— DiCtionary

0

100 200 300 400 500
Data size (MB)

(Haruechaiyasak et al. 2006, figures 3 & 4)

Indax size (ME)

1200

1000

800

600

=
=
2

200

Performance Evalualation on Index Size

= Suffix

- DiCtiOnary

100

200 300
Data size (MB)

400
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Sentence Segmentation

A§LIIJG‘I‘
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Sentence Segmentation

aUe 14 1N "Huevaz nszgquialaizaNnnnsyau
A o M Yo 9 v 9 Y

s55umasanLu il lamaeasmviuaeilasn
NDIAY LANNNNITANTUYIANIDINN V1DE DA
9 1 v 9 v 9
AYLUTINNIAA VINDENDAAEN Wt ugnisienu
Y = a 9 QQJJ U= =
ALTTU AAAULIAILAL 2517 UnTzguUMaIY

Yy 9y

Y 1 1 o <
VUIA AL 25 D9 45 NILTUUVVUIE NBUATIIN
) 1 1 v I Y,
UMY Lz Nasananilaoany”

(Win Leowarin’s Kattakam Jakrasi)
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Sentence Segmentation

aIle 14 1 "Huuvag nszgquinlazaNannssgu
A o M Yo ¥ v 9 9
s3TuAIaTInNu L ldmaieas iviualedasn
NOWA RTINS AANANAIE8E19 119881950
9 1 v 9 v 9
AYLUTINNIAA VINDENDAAEN Wt ugnilsiemu
Aa A 091} 1= ‘ ~
AITTU AAAUINAILAT 2517 UNSTAURAIY
Y Y

Qv 1 —~ ] (oY 6:4
VUIA AL 25 D9 45 NILPULUVUILNOUATIIN
Iy 1 1 v 1y,
UMY Lz Nasananilasany”

(Win Leowarin’s Kattakam Jakrasi)
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Use of Space in Thai Writing

Between sentences

Between phrases or clauses
Before and after numerals
Between list elements
Between first and last names

Before and/or after some special symbols
and punctuation marks

Only 30% of all space use in Thai is for

sentence breaking (Charoenpornsawat &
Sornlertlamvanich 2001)

BASIS

TECH
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Some Cues to Distinguish Space

= A space after a final particle is a
sentence boundary. Examples of final

particles: lviy (question particle), a5V (polite,

male), Az (polite, female)

= A space after a discourse marker is

not a sentence boundary. Examples
of dlscourse markers: @siiu ‘therefore’,

NI I1ZNE uu ‘as a result’, mnlﬂu ‘next’

TTTTTTTTTT
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Automatic Sentence Segmentation

= Classification of space into sentence
breaking and non-sentence breaking
space as trigram POS tagging problem
(Mittrapiyanurak & Sornlertlamvanich 2000)

= Feature-based classification
(Charoenpornsawat & Sornlertlamvanich 2001)

= Number of words to the left and to the
right

= 2 words and POS tags before and after
target space

TTTTTTTTTT
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Automatic Sentence Segmentation

= Results
Trigram (%) | Feature-
based (%)
Correct 75.97 717.27
break
False break 8.13 1.74

TTTTTTTTTT
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