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Regular Paper

Thai Morphological Analyses Based on
the Syllable Formation Rules

MAMORU SHIBAYAMA* and SaTosHl HosHINO**

The Thai syllable formation rules were deduced from an orthographical analysis of Thai. At the mor-
phological level, segmentation was analyzed by the ordinary longest-match method for the input of Thai text
(the Law of Three Seals: 20,631 sentences), a revised method of segmentation, called the Syllable Longest-
Match method (SLM), which incorporated a mechanism of back-tracking for each phoneme based on the
syllable formation rules when the segmentation failed, was then devised to reduce the number of unsuccessful
cases. This method indicated that the ratio of segmentation is a 98.0%, which is 2.8% greater than the ordinary

method in terms of sentences.

A finite automaton model which employs the automatic segmentation from a sentence into monosyllables
without reference to a dictionary, called Thai syllable recognizer, was also proposed. A revised Thai syllable
recognizer was also devised, in which knowledge rules based on the heuristics derived from the analysis of unsuc-
cessful cases were adapted the existing syllable formation rules. This gave a ratio of segmentation is 93.9% in

terms of sentences for the input of same text.

1. Introduction

Written Thai differs from western languages in
several points; (a) Thai letters are phonetic; they consist
of 44 consonants and 32 vowels as shown in Fig. 1. (b)
Least unit of Thai word is monosyllable accompanying
one of 5 tones. (c) The words in a sentence are not
separated from each other, here called being unsegmen-
tal. (d) Some vowels are placed before the consonant,
and the tones must be placed in appropriate positions in
the writing system. (e) Punctuation is scarcely used [1,
2].

Mechanical processing of Thai with emphasis on
linguistic approaches to natural language processing
therefore presents problems relating to successive levels
of language processing such as input/output, mor-
phological, lexical, syntactic, and semantic levels [3-7].
At the morphological level, the segmentation, especi-
ally, has a very similar property to that of Japanese and
Chinese characteristics which is unsegmental [8]. In that
case, for making a concordance or KWIC index [9], or
building a database [10], the segmentation into the ap-
propriate units as a word, a sentence, or a syllable for
the original text may be required. The practical work of
segmentation is too time-consuming and excessive, and
reduces the accuracy and consistency of the result if the
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work depends on the effort and handiwork of an expert
without the assistance of a computer or if the automatic
segmentation using the computer is impossible [11, 12].

Segmentation in the case of an unsegmental language
generally uses the longest-match method on the basis of
the fact that the longest-match is most simple and
popular method [13]. However, few studies on natural
language processing of Thai have been carried out.

Thai morphological analyses described in this paper
are based on several phonetic rules and definitions
derived from linguistic analysis of the phonemes
embedded in the syllabic structure and the orthography
of Thai, which are here called the syllable formation
rules. After introducing those rules first, the ordinary
longest-match method is adopted, and this presents the
outcome of how well it is segmented for Thai text of the
Law of Three Seals (KTSD: Kotmai Tra Sam duang,
20,631 sentences, compiled in 1805) [14, 15]. A revised
longest-match method, called the Syllable Longest-
Match method (SLM), which incorporated a
mechanism of back-tracking for each phoneme based
on the syllable formation rules when the segmentation
failed, is then revised to reduce the number of unsuc-
cessful cases.

Furthermore, a nondeterministic finite automaton
model for recognizing Thai syllables is proposed, using
the morphological knowledge which is based on the
syllable formation rules of symbols corresponding to
the phonemes embedded in a syllable. According to the
model, a Thai syllable recognizer also is implemented,
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NO. [Letter|PTonuR{ NO. | Letter ggg NO. |Letter % NO. | Letter Pronun-
1N | ke 12| o | cha 23 [ N | tho | 8 o
2 1 | 13| @ | e 24 T | ¢hor 35 5 |t
3 h ] kha: 14 0 | de: 25 ¥ | o 36 L B
4 n kho: 15 g | 26 U | obe 37 9] wa
5 A | khor 16| § | ha 27| ¥ | per B[ A |
6 | kho: 17 [ | thee 28 | H | phd: 39| ¥ ofsx
7 3|9 18 | B | thx 29 | ol | fa 0 ) o |sx
8 N | e 19 | | nor 30 { W | pho: sl % |
9 0 | chax 20| 0 3| W | B 2| R |l
10 1 | che 21 no| o 32 n | phe: 4] 0 %
1 q | s 22 0 | tho 33 N | mo 44| B |hx
(a) Consonant letters

NO. Letter Pronunciation | NO. Letter Pronunciation

e IO ON R 1- (aj)

2 b G, () |18 -1 (aw)

3 N (@?) (@) | 19 -1 ()

; (7, (u) | 20 z (i)

[ N C A (e?), (e) | 21 2% (=)

6 fu-n U | e @ |2 5 ()

7 7o -- [(on. (o) | 28 = (e)

8 -1t | G () 24 w- (e)

9 (3. H (s") 25 1- (o)

10 (SH (ia?) 26 -1 (2)

n &5 (ma?) 27 [ S )

12 9y (ua?) 28 \y (iza)

13 9 (ru). (ri) | 29 e (uca)

14 1 (lm) 30 e ket (wa)

15 -1 (am) 31 1 Crmz)

16 1- (aj) 32 1 Clu:)

(b) Vowel letters

Fig. 1 Thai letters.

and can be run by which no dictionary is used for
segmenting the sentences. And a result of automatic
segmentation obtained from the experiment by the
recognizer are presented.

Finally, the consideration as to what is attempted to
reduce the error ratio by incorporating the heuristic
knowledge into the syllable formation rules is
presented, then a revised recognizer is adopted. The de-
tailed analysis and evaluation based on the outcome
derived from the behavior of improperly segmented
cases by the revised recognizer are described.

2, Syllable Formation Rules

Characteristics of formalizing the syllable, which is
defined as the word because Thai language is the
phonogram, are listed as follows: (a) Thai words are
phonetic; they are basically monosyllables with tones
and are composed of ‘“‘Consonant+ Vowel’’ or ‘“Con-
sonant + Vowel + Consonant’’. Then monosyllable is
defined as the syllable in this paper. (b) Thai word also
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ct c2 Ca (7] Cs Ces cr Cs Co cie

C1t Ci12 €13 Cia Cis Cis  C17 Cis Cie C2a

C2y  Cp2 €23 Ca4 Cos C28 Cer C2s C29 Cae

u o N d w ] n [ W a

€31 cag Ca3 €34 Cas  Cae Ca? Cas Cas Cae
¥ T 8§ a ¥ M € w9

Cay Caz Ca3 Cad
u Y a2 ®

(a) Consonant graphemes

Vi va ¥ Va Vs Ve vr va vs via
il gl a M 4 - - 8 !
ASR} viz Vi3 Via vis Yie V17 Yie vie \£1]

- - Ll 1 1 1 w '

(b) Vowel graphemes

t1 t2 ta te 81 Sz 83 84
. » o . 'l “ s 8P

(c) Tonal graphemes (d) Special graphemes

n ng ns na ns ne nr na ne na
L] L} L] « & v o a ® °

(e) Numeral graphemes

Fig. 2 Thai graphemes.

is formed by the combination of several words, called
compound word. (c) Thai letters consist of 44 con-
sonants and 32 vowels. However some vowels are
represented with a combination of several symbols
based on Fig. 1(b) [16].

The smallest recognizable unit on the Thai syllable
recognizer or the least unit of character in machine
readable form is defined as a symbol, and also Thai
alphabet expression corresponding to a symbol is de-
fined as a grapheme. Therefore, each grapheme derived
from the Thai letters in Fig. 1 can be expressed as
shown in Fig. 2. Some vowel letters in Fig. 1(b) are com-
posed of several graphemes; for example, No. 9 in Fig.
1(b) is represented with a combination of 3 vowel
graphemes, and a consonant grapheme is placed at the
¢“—? position for formalizing the syllable.

From the characteristics of above mentioned (a), we
denote the syllable as follows:

[C+V] 1
[C+V+C] )

where C and V correspond to a consonant and vowel re-
spectively, [ ]’’ means a words unit, and ‘‘+’’ means
the concatenating operator among the symbols.



556

Hence, it is found that the sentence formation,
namely, the individual words which are embedded in a
sentence, is specialized from the expression (1) and (2)
as the following sentence patterns;

[C+V]+[C+V]+ .. ... 3)
[CHV]+[CH+V+Cl+ .. ... @)
[C+V+CI+[C+VI+ .. ... 5)
[C+V+C]+[C+V4Cl+ .. ... ()

Next, the Thai symbols based on Thai letters are de-
fined.

Thai symbols are classified as follows:
(1) Subset CS: Consonant symbols

CS={cy, 2, C3, . - - 5 Cas} 0

Each consonant grapheme in Fig. 2(a) is discrim-
inated by c; which is each element in set CS, and i varies
from 1 to 44.

(2) Subset VS: Vowel symbols

VS={v), v, . . ., Vao} ®

Each symbol corresponds to each vowel grapheme in
Fig. 2(b) respectively.
(3) Subset TS: Tonal symbols

TS={t}, ta, t3, ta} ®

Each symbol corresponds to each tonal grapheme in
Fig. 2(c) respectively.
(4) Subset NS: Numeral symbols

NS={nj, ns, n3, . . . , Nio} (10
(5) Subset SS: Special Symbols
SS={s, 2, 53, 84} (1)

where such vowel symbols are equivalent to the conso-
nant symbol as follows;

(a) Vo=C33

(b) vi2=ca

(©) Vvis=Cu

Consequently, the set of symbol which forms Thai
language is defined as;

T={CS, VS, TS, NS, SS},

namely, T implies Thai alphabet, and all the string
formed by arbitrary finite sequence of symbols from T
including null string is designated by T*, and T* also is
finite.

By analyzing the order of appearance of grapheme,
in other words, symbols according to their phonemic
rules for Thai, the consonant symbols at end of a
syllable in the form [C+V +C] are 41. And the vowel
symbols which coincide with phonetic rule in sequence
as shown in Fig. 3(a) introduced from Fig. 1(b) are de-
fined. Contrary to its sequence, the vowel symbols that
the sequence of appearance of grapheme embedded in a
syllable differs from its phonetic rule also are defined as
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-
@
o

Case 2nd 3ra 4th

v2 -
V2 vi2
v2 vVi2 Ve

Ve vis

CONORBWN

vi2 =

Vi V15
vi1s

AR
3

(a) Vowel symbols coinciding with phonemic rule

Case 1st 2nd 3rd 4th 5th
1 v -

2 v;g -

3 vig -

4 vig - A(]

5 vig -

6 vig - va

7 vig - vg

8 v20 -

9 v20 - v3

10 v20 - v3 vg

11 v20 - va

12 v20 - Vg

13 v20 - vy

14 v20 - vg vg

15 vo - vg vy ve
16 v20 - viag V15

17 v0 - vig VvVis Ve
18 v20 - v1s

19 v20 - vis Ve

(b) Vowel symbols uncoinciding with phonemic rule

Fig. 3 Sequence of appearance of graphemes in the vowels.

shown in Fig. 3(b). In both Fig. 3(a) and (b), a conso-
nant grapheme in Fig. 2(a) must be inserted in *‘—"’
position.

Consonant and vowel symbols are represented as
follows:
(6) Subset CS.: Consonant symbols at end of the
syllable

CS.=CS—{c39, Cao, Cas} (12)

where an arbitrary element in set CS, is ¢, {c.: c.e CS,}.
(7) Subset VS,: Vowel symbols coinciding with
phonemic rule

VS,=VS—{vi, Vs, Vis, V17, Vis, Vig, V20} 13)

where an arbitrary element in set VS, is v, {vg:
vae VSa}.

The syllable formation rules based on the Thai gram-
matical rules are introduced as below:

The expressions (3), (4), (5), and (6) indicated
previously deduce to one rule.
[Rule 1] No boundary of word unit is at a point imme-
diately before the vowel symbol. In other words, the
segmentation should not be made between symbols of C
and V in the [C+ V] or [C+ V +C] sequence.

Look at the table of vowel letters as shown in Fig.
1(b) again. In the Thai orthography, the sequence of ap-
pearance of grapheme for the letter No. 5-11, 17-18,




Thai Morphological Analyses Based on the Syllable Formation Rules

23-25, and 27-29 in Fig. 1(b) is reversed as shown in
Fig. 3(b) contrary to the sequence of phonemes. Those
graphemes concern with such vowel letters are 5; 4 , 1,
1 » u,and |, then they are denoted by vi¢, V17, Vis, Vio,
and vy respectively.

This result leads to a following rule.

[Rule 2] Symbol vi6, Vi7, Vis, Vis, and vy are the first
symbol embedded in a word, for example, 1, (pai) is
denoted by vis and cyq.

From the table of vowel letters, the following
graphemes consisting vowel letter are classified into 3
groups. The first group is when the consonant
grapheme is followed by a vowel grapheme; which con-
sists of the symbols vs, vs, vs, Vs, V12, and vy5. The second
is when a vowel grapheme is placed on appropriate posi-
tion above the consonant; which consists of the sym-
bols v3, v4, V1, Vs, V13, and vi4. The third is when a vowel
grapheme is placed on appropriate position below the
consonant; which consists of symbols v and v,, respec-
tively.

Assume that the consonant symbol is followed by a
vowel symbol for all of above groups in the sequence of
appearance; for example, {f is a string c;v4 in the
machine readable form, where n is denoted by c;.
[Rule 3] No boundary of word unit is at a point immedi-
ately before all symbols of V belonging above 3 groups;
for example, a word 3= (ca) is denoted by c; and ve.

When either vy, vz, Or v;5 is not a vowel symbol, an at-
tribute of that consonant or vowel corresponds to a sym-
bol is decided by the position where it is embedded in a
word based on [Rule 1], for example, a word 890 (oo:
K) is a string cqVisci, where first o is denoted by ca.
[Rule 4] Discrimination between a consonant and a
vowel is determined based on the position of its symbol
embedded in a word; for example, first symbol of 11
(wa:) must be recognized as a consonant c,; instead of
the vowel vi,.

If a symbol equals to one of the tonal graphemes,
then such a symbol is a following one after a consonant
or vowel. Hence, by only one symbol of any tonal
grapheme, the word cannot be formed.

[Rule 5] No boundary of word unit is at a point immedi-
ately before any tonal symbol.

In the expression (1) or (2), it is known that the conso-
nant of C consist of two letters, which are represented
by the two symbols for the following combination:

Ny.NA.UT.AT YR, ADAYT.UrUa Wy Ha WA D02, and 0,
where that symbol combination is called a double conso-
nant, and the combinations above are denoted by c;cy,
Ci1C30, C3C32, C2C32, C3C30, C2C30, C13C32, C24C32, C24C30, C25C32,
C26C30, C25C30, C3C43, C2Ca3, and c,Cq3 respectively.

Consequently, if a set of the double consonant above
is denoted by Cy, then

.oy C|C43} (14)

[Rule 6] If two adjacent symbols are a double conso-
nant, those two symbols are recognized and formed as a

Cy= {Cncsz, CiC30, .
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consonant. Hence, C in expression (1) or (2) is
equivalent to two symbols of C; for example, visz (pra)
is denoted by the double consonant ¢,scs; and a vowel
Vé.

Consider another adjacent two symbols, here

denoted by cic;. If cic¢ Cy, then c;c; should be con-
sidered as a word in which a vowel is omitted in the ex-
pression (2) when the symbols are a recognizable word
in the lexical unit.
[Rule 7] If the two adjacent symbols are not a double
consonant and form a recognizable word as a mor-
pheme, the two symbols are a word without the vowel
symbol in the form [C+V+C]; for example, a word
au  (khon) is a string c,c,, where no vowel symbol is
used.

In Thai writing system, other miscellaneous marks in-
cluding numeral as shown in Fig. 2(d) and (e) are used
as follows:

(1) To abbreviate a long name or title, a grapheme
‘27 is used. However, it is ignored in our Thai syllable
recognizer.

(2) To indicate that the preceding word or group of
words should be repeated, a grapheme ‘9’ is used,
However, it also may be ignored in the recognizer.

(3) To show one, sometimes two or more silent letters
for the consonant, a grapheme ‘ -’ is written in a posi-
tion above a preceding letter. The grapheme is denoted
by a symbol s;.

(4) Numeral, punctuation, and other graphemes are ig-
nored in the recognizer.

Above explanation (3) leads to next rule.

[Rule 8] No boundary of word unit is in a point imme-
diately before a symbol s;.

The morphological analyses in the following sections
are advanced and evaluated on the basis of the rules de-
fined above.

3. Longest-Match Method based on Syllable Forma-
tion Rules

In the first phase of experiment of segmentation for
Thai sentences, the right-directed longest-match
method has been used. The number of Thai input
sentences for an experiment consist of 20,631, which is
full-text of KTSD inputted from a copy of Khurusapha
[12, 14]. It has already been segmented correctly by the
handiwork of an expert, and the delimiter **/’* has been
inserted between the words. This delimiter is used for
determining whether the sentence has properly
segmented or not. The characteristics of input text is
shown in Table 1.

The dictionary used for the experiment is made up ar-
bitrarily from the previously segmented statements. A
data structure on the main memory is shown in Fig. 4.
Figure 4 shows that an index of consonants in the dic-
tionary consists of only 44 entries with each pointer
pointing to a group of words corresponding to each con-
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Table 1 Characteristics of input text of KTSD.

Number of sentences 20,631
Average words per a sentence 11.8
Average symbols per word 4.7
Number of main entries in the dictionary 20,475

Index of consonants

ci4
Group c44
o4
c2 c2% v8
Group c1
cl
cl 8
v15 c1

Fig. 4 Data structure of dictionary.

sonant. For the each region in the group, the words
which the first consonant is belonging to its group have
been stored. The number of regions in each group is
variable in size, and the length of each word also is
variable. When the word of a reversed type based on
Rule 2 is referred to the dictionary, the search must be
performed using the first consonant of the second sym-
bol.

Two experiments for segmenting Thai sentences of
the KTSD are carried out as follows; (1) Using the or-
dinary longest-match method with reference to a dic-
tionary first, that is not based on the syllable formation
rules defined in Section 2, (2) Using the longest-match
method which employs the back-tracking function
based on the syllable formation rules with necessarily
reference to a dictionary.

3.1 Ordinary Longest-Match Method

From the experiment of segmentation using the
longest-match method, the result as shown in Table 2
was derived.

A detailed example of segmentation for unsuccessful
cases is shown in Fig. 5. As a result of segmentation, it
is found that the ratio of automatic segmentation by us-
ing the ordinary right-directed longest-match is 95.2%
in terms of sentences, and its ratio is about 15% higher
than the result of Japanese sentences by approximately
80% in general [13].

Table 2 Result of segmentation for KTSD.

Input sentences 20,631
Frequency of reference of dictionary 243,918
Not segmented sentences 998
Ratio of segmentation 95.2%

M. SHIBAYAMA and S. HOSHINO

(a) / vig c3p / c} €32 Vg -
/ Vvig ©30 ©1 / ©32 Vg -+

(b) / vig c3g / c} Vy Cq) G332 .-
/ vig Vaz ©1 / v7 c41 €32

/ c14 vg ty / 1:4} vg /
/ c14 Vg t1 ©41 / Vg

(e) / vy0 S35 vg Vg / 01} t3 V12 € V2 €21 /
/ v20 ¢35 vg V9 11 / t2

(d) / c43 t; v3 / cq1 va cy /
/ c43 £1 V3 43 V3 / )

(e) / vig €41 t1 / 35 c‘} vy cy /
/ V16 C41 *1 C35 C41 / V2

(£) €14 V10 1 / ©14 v3 t/

€14 Vio €1 €14 V3 / &1

~~

~~

C39 C21 V13 %1 €23 / Vig °39 t2 Ca3 /
€39 €21 V13 %1 ©23 V19 C30 / t2

(g) / c15 tz v3 / c39 V3 Cy V3 Gz /

€15 tz2 V3 C39 V3 C / V3

NN

(h) €21 V15 €1 / €33 V3 T2 "13 €14 V13 S41 /

©21 V15 €1 ©32 V2 2 V12 / €14 V13 ©41

~~

Upper line :
Lower line :

Acceptable state
Unsuccessful

Fig. 5 An example of unsuccessful cases by the ordinary longest-
match method.

The characteristics of unsuccessful cases are mainly
classified into two categories; one is segmented by the
word form [C+V+C] for the sequences [C+ V] plus
[C+V]or [C+V] plus [C+V +CJ; for example, (a), (b),
and (c) in Fig. 5. The second is when a syllable complete-
ly corresponds to the most left-side syllable embedded
in a word in which the word is formed by several
syllables or the compound word like (d), (), (f), (g),
and (h) in Fig. 5.

3.2 Syllable Longest-Match Method

Table 3 summarizes the behavior of unsuccessful
cases in the experiment using the ordinary longest-
match method.

Let d=m when the result is segmented correctly ex-
cept m symbols; for example, d=1 in the case (a), (b),
and (c) in Fig. 5.

By analyzing Table 3, it is found that the ratio of cor-
rect segmentation can be increased by the method based
on the syllable formation rules in Section 2. Consider
the longest-match method incorporated with the func-
tion of back-tracking when the segmentation cannot be
carried out any more. A Syllable Longest-Match
method (SLM), which employs the back-tracking func-
tion for bringing the analysis back to the preceding sym-
bol based on syllable formation rules, especially, Rule
1, 3, 5, and 8 with respect to the rules of word bound-
ary, has been proposed. this SLM also refers to a dic-
tionary.

It is found that a ratio of segmentation by the
Syllable Longest-Match method is 98.0%, which is
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Table 3 Summary of unsuccessful cases.
d: Difference in the number of symbols

d=1  d=2  d=3  d=4

(A) Consonant 227 42 29 22
(B) Vowel 451 11 9 13
(C) Tone or others 135 31 0 2
(A)+(B)+(C) Total 813 84 29 37

(B)+(C) 586 42 9 15

d>4: 35, Total 998

2.8% higher in ratio of the number of sentences than
that by the previous method. Therefore, the Syllable
Longest-Match method is found to be an effective
scheme for Thai word segmentation.

4. Thai Syllable Recognizer Model

To implement a machine for recognizing Thai
syllable automatically, a syntax-directed program for
Thai is devised, here called Thai syllable recognizer,
which employs the function of automatic and con-
secutive segmentation for Thai sentences based on Thai
syllable formation rules as shown in Section 2 and
without reference to a dictionary.

In the first place, the two types which forms formulas
(1) and (2) are classified into 6 models depending on the
rules of appearance of symbols, and each model is built
up by the non-deterministic finite automaton.

Each element in set CS of consonant symbols is de-
fined as ¢, {c.: cce CS}. Also, the double consonant for
two adjacent symbols c;c; is defined as a set Cy (14).
Therefore, if c; ¢; is not an element of set Cy; ¢; ¢;¢ Ca,
then c; and ¢; correspond to a vowel abbreviated model
according to Rule 7. Because a symbol is fetched by the
recognizer with one by one, set C, must be separated to
the subsets composed of each symbol in the set. The
following subsets are introduced for two adjacent con-
sonants.

(1) The sets are classified into 3 groups depending on
the kind of combination of two symbols as follows:

In the double consonant,

(i) Subsets C;; and Cj;: First group

If Ci1={01, C2y e}
then Cj;={cs, C32, Ca3}.
(ii) Subsets C;; and Cp: Second group
If Ca={cus, o, Cas),
then Cp= {C;o, C32}.
(iii) Subsets C; and Cj: Third group
If Ca={caxs},
then Cj3= {CJO} .
(2) First consonant does not exist in that double conso-
nant.

@i Subset C,: C,=CC—{CyUC,UCy}

(3) Second consonant does not exist in the set of sec-
ond symbols within double consonant.
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(i) Subset C,: C,=CS.—C;
(ii) Subset C: C,=CS,—C;,
(iii) Subset C,3: C,3=CS,—Cj,
Here, each elements is discriminated as follows;

a; a e Cn, b|Z b]E le, a a2e Cn, bz: bze CJ y
as: a3€ Cj, bs: bye Cj3, and w: we C,,
ri: rie C,y, 12t 1€ Cpy, 13: 136 C,3 respectively.

Assume that the tonal marks are included to a
preceding consonant or vowel, and represented by the
denotation of the preceding symbol.

In the following state diagrams for the recognizer
model, q, (n=0, 1, . . ., 36) and qo in the circles repre-
sent a state and a start state respectively. The accept
states also are distinguished by being drawn with a dou-
ble circle. And, the transition functions are omitted in
this paper.

Each model in the recognizer is represented as
follows:

[A] Double consonants and abbreviated vowel

model: [C+C]

This model provides the [C + C] case either two con-
sonants are a double consonant or the vowel is ab-
breviated as shown in Fig. 6.

[B] General Model: [C+V+C] or [C+V]

This model provides [C+ V] and [C+ V +C] cases of
which the symbol at the beginning of monosyliable is
the consonant as shown in Fig. 7. Where VS,; is defined
as follows:

Fig. 6 [A] The double consonant or abbreviated vowel model.

Fig. 7 [B] The general model.
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Fig. 9 [D] Deformed model 2).

VSn2=VS,— {v2, V4, V12, Via}

Each element in set VS, is Va2, [Va2i Viz€ VSp2}.

[C] Deformed model (1): [C+V] and [C+V+C]

This model provides the [C+ V] and [C+ V +C] cases
of which the symbol at the beginning of monosyllable is
vi6 of vy as shown in Fig. 8.

[D] Deformed model (2): [C+V] and [C+V +C]

This model provides the [C+ V] and [C+V +C] cases
of which the symbol at the beginning of monosyllable is
vy as shown in Fig. 9.

[E] Deformed model (3): [C+V] and [C+V+C]

This model provides the [C+ V] and [C+V +C] cases
of which the symbol at the beginning of monosyllable is
vy as shown in Fig. 10.

[F] Deformed model (4): [C+V] and [C+V+C(]

This model provides the [C+ V] and [C+V +C] cases
of which the symbol at the beginning of monosyllable is
vy as shown in Fig. 11.

5. Automatic Segmentation using Thai Syllable
Recognizer

5.1 Implementation

On the basis of the previous models, a syntax-
directed recognizer, which enables to automatic and
consecutive segmentation for recognizable portion of
words in Thai sentence has been designed. A outline of
recognizer machine is shown in Fig. 12. The machine is
implemented as a program (about 1200 steps) which is
coded by the PL/I programming language, and it can
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(Ge,Va, V5, ¥7}
Fig. 11 [F] Deformed model (4).

Fig. 12 Model of thai syllable recognizer.

be operated on FACOM M-780 main-frame computer.

The model of the Thai syllable recognizer was in-
troduced in the preceding section, where CC, DC, C,
and V imply words with abbreviated vowel, double con-
sonant, general consonant and vowel(s) respectively.
Also, each numeral in the circles represents a state, and
the accept states are distinguished by being drawn with
a double circle in the recognizer.

One of the most important characteristics in this
recognizer is that no dictionary is used, whereas the
unsegmental characteristics generally need the use of
dictionary for segmentation.

5.2 Segmentation

The use of previous recognizer which segments a
sentence for the same text, KTSD, in an experiment of
the longest-match method has been attempted. To
analyze the result of segmentation in detail, especially,
about the ratio of segmentation and the sequence of the
appearance of symbols in the unsuccessful cases, a
Thai-Thai dictionary composed of 31,202 main entries
has been used [5, 18].

Segmented words obtained as the result of segmenta-
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tion by the recognizer are specialized as monosyllables
composed of [C+ V] or [C+ V +C], whereas the words
before segmenting the sentences for KTSD consists of
monosyllables or compound words. Therefore, a
criterion of a recognizable unit as a syllable is;
Original sentence: /V19 Cio /V16 Ca2t2C1 C32 V6 Cra Vio £y C42/
Input Sentence: Vig Ci Vis Ca2 ta2 C) C32 Vg Ci1a Vio t1 Va2
Segmented syllable by recognizer: /vis cso/ Vis Caz ta/ €
€32 Ve/ Cia Vio t Caz/

Criteria of recognition are as follows:

(1) Delimiters at position in the original sentence
are corresponded to the delimiters of the segmented
sentence.

(2) Each symbol embedded in a string surrounded
by both delimiters,, *“/*’ and *‘/’’, has the sequence
[C+ V] or [C+ V+C] based on the rules in Section 2. If
the above criteria are satisfied, a string between both
delimiters ““/*’ is to be recognized as a syllable, and this
syllable is searched in the main entries of dictionary in
order to confirm whether it is registered or not. The
result of experiment is shown in Table 4.

From the result, the segmentation ratio in terms of
sentences becomes very much lower than by 95.2% of
the ordinary longest-match method. Some of the big-
gest reasons for unsuccessful cases is as follows:

(1) Segmentation by string type [C+ V] according
to Fig. 3(a) is happened in spite of type [C+ V + C]; for
example, 3n and fu arecase 4 and 11 respectively.

(2) Segmentation by string type [C+ V] according
to Fig. 3(b) happens in spite of the type [C+V +C]; for
example, (3 and (fu; are case 11 and 14 respec-
tively.

5.3 Heuristic Approach

As for the key reasons of improperly segmented
words, it is found that the rule for type [C+V +C] is
not matched since all of rules are only deduced from
Thai grammatical rules and neither the characteristics
in the case of above (1), nor the case of (2) above has
not been installed into the recognizer.

On the basis of heuristics, the following rules are
deduced:

(1) When vs, or v¢ appeared, those symbols imply a
last symbol at end of the monosyllable. Then the follow-
ing symbol, of course, should be a consonant in the top
position in the monosyllable.

Table 4 Result of segmentation by recognizer.
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(2) Let subset VS,; be Vowel Symbols given by
VSus=VS,—{v2, V4, Vs, Vs, Vi2, Via}
={V3, V7, Vg, Vio, V11, Vi3, vish,

instead of the set VS,; in [B] General model.

If input symbol s is equal to V,3 {Va: Ve VSu),
then, a following consonant C, in the set CS, (12)
sometimes is added.

(3) After the vowel v, and vy, in the general model:
[C+V] or [C+V+C], a consonant c. in the set CS,
sometimes is added.

(4) The following symbol after the vowel v, in the
deformed model (3) sometimes is a consonant ¢, in the
set CS..

(5) Inthe deformed model (4), a consonant ¢, in the
set CS, sometimes is added after the vowels vs, V7, vo,
and Vis.

Here, the first revised model, [B’] Revised model (1),
which incorporates three features of above rules (1), (2),
and (3) for the general model as shown in Fig. 13 is pro-
posed. The second revised model, [E’] Revised model
(2), which incorporates two features of the above rules
(1) and (4) for the deformed model (3), and the third
revised model, [F’] Revised model (3), which incor-
porates two features of the above rules (1) and (5) for
the deformed model (4) are proposed as shown in Fig.

Fig. 13 [B’] Revised model (1) for the general model.

Fig. 14 [E’] Revised model (2) for the deformed model (3).

Table 5 Result of experiment of revised model.

g‘:;;::n;:[::;i ds 2?2:2?; Not segmented sentences 1,269

Number of generated words 401,577
Not segmented sentences 10,406 Not found words
Number of generated words 417,179 Thai-Thai dictionary 98,021 (24.4%)
Not found words 178,915 (42.9%) KTSD dictionary 112,095 (27.9%)
Segmentation Ratio (Sentence unit) 49.6% Segmentation Ratio (Sentence unit) (93.9%)
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Fig. 15 [F’] Revised model (3) for the deformed model (4).

14 and Fig. 15 respectively.

The result of experiment using the revised model, is
shown in Table 5. From the experiment, it is found that
the segmentation ratio has attained at most to 49.6% by
the recognizer based on the syllable formation rules
only. By adapting the knowledge rules based on
heuristics derived from the analysis of unsuccessful
cases into exiting syllable formation rules, it is found
that the ratio of segmentation has improved by 93.9%,
and it is 44.3% higher than the previous experiment by
recognizer whereas 4.1% lower than the method by the
Syllable Longest-Match method.

Figure 16 shows the classification and its enumeration
of improperly segmented sentences. The key reasons in
the column ‘class’ in Fig. 16, which are classified into 10
classes, are as follows:

(1) The following two consonants after a vowel of
[Rule 2], namely, by forming a type of ‘[V+C(]
+[C+V], was recognized as the double consonant
[C+C], whereas its word was formed by a combination
of both monosyllable [C+ V]s.

(2) The consonant c4 was recognized as a vowel v,s
because the preceding syllable was [C+V + C+C] type,
and the following one is [C+V].

(3) The following consonant c4 after the double
consonant was recognized as a vowel vy, namely,
[C+C+V+C].

(4) The second consonant c4; embedded in the
monosyllable was recognized as the vowel v,.

(5) The second consonant c,; in the syllable ‘‘Dou-
ble consonant+ Vowel”’ was recognized as a vowel v,
when the preceding syllable was [C+V+C+C].

(6) Successive two consonants of c3, were appeared.
It should be replaced by a vowel v; based on the gram-
matical rule of Thai in advance.

(7) The following two vowels after a consonant
were appeared. They were not in Fig. 2 and syllable for-
mation rules.

(8) The consonant c;; was recognized as a vowel vy
according to d(qs, vs)=qss in Fig. 15, because the
preceding symbol was a vowel vg.
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Class Example Frequency
(1) /vag €1/ c39 ty vip/
/va0 €1 C30 tl} Vi2 ses 362
(2) /oy ca3 o33 V2 ©)'C36/ Caq V2 €21/
/ey °23/°32 va 1/ C3p V15/ V3 .. 343
(3)  /cq1 vip C13 S32 Cq4 Ve/
/c41 Vm/cxs C32 V15/ Vg ... 37
(4)  7e35 cgg vz eqy vel
/c35 via/ Vg ... 278
(5) /o33 va'cps 33/ o c43 va/
/c32 V2 ©25/ 33 €1/ Vip ... 25
(6)  ...7c16 ©32 C32 ©42/ ©44 V2 C21/ e
(1) Jeqy vig ve/
..... 61
(8) /v20 ©7 vg/ €33 v Ca3/
/v20 €7 vg an D 39
(9) /€16 €32 C17 Cqq V7 C37 Cq3 C32 .-

..... 4
(10) /ey e3z c42 c3 c43 va/
..... 46

1269
Unit of frequency: Sentences
Upper line: Input string
Below line: Recognized pattern

Fig. 16 Enumeration of unsuccessful cases by the revised
recognizer.

(9) They are the proper noun, which have no
[C+V] or [C+V+C] type.

(10) They are the other cases like ‘‘Double con-
sonant + Consonant + Double consonant + Vowel’’.

6. Concluding Remarks

One of Problems in mechanical processing for Thai is
the language processing of recognizable portions of
words in the morphological level. The characteristic of
being unsegmental increases the complexity in the mor-
phological analysis. The segmentation in the unsegmen-
tal or agglutinative language is carried out using the
grammaticcal structure rules and the algorithms derived
from heuristics depend on individual language along
with the use of dictionary necessarily.

An experiment of segmentation as the input of 20,631
sentences based on the ordinary longest-match method
using the dictionary consisting of 20,475 main entries of
KTSD has been performed, then a Syllable Longest-
Match method (SLM) based on the analysis derived
from the result of preceding experiment has been devis-
ed. It is found that the back-tracking for one character
is most effective by 98.0% in the ratio of segmentation.

Finite automaton model, called Thai syllable
recognizer, for segmenting a sentence into
monosyllables without references to the dictionary only
has been proposed. By adapting the knowledge rules de-
pending on heuristics derived from the analysis of un-
successful cases into existing syllable formation rules, it
is found that the ratio of segmentation can be obtained
by 93.9%, and showed that the adaption of knowledge
derived from the heuristics to the language processing
depend on the individual language plays major role.

In the segmentation based on the syllable formation
rules and its syllabic symbols, it is necessary to improve
the efficiency of segmentation by using the dictionary
along with the heuristic knowledge eliminating the
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monosyllable with no meaning and of restoring word
by synthesizing monosyllable automatically. Also, the
features of dynamic seif-learning should be equipped
for the segmentation process to improve the ratio of cor-
rect segmentation.
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