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Abstract

This paper presents a new unsupervised approach to Lanna word segmentation. In a
previous work, we proposed the Lanna structural grammar for computational linguistics
processing. Accuracy evaluation shows that the grammar is feasible, valid, and effective.
Additionally, we developed the unsupervised word segmentation algorithm that applied
the Lanna structural grammar to predict words from character sequences and a search for
the optimal segmentation. The proposed algorithm was evaluated on Lanna phrases from
a variety of document types. The experimental results show that the segmentation accuracy
is effective and practical. It is concluded that the Lanna structural grammar is appropriate
and capable for unsupervised Lanna word segmentation. Consequently, our approach is
suitable for computational linguistics processing and has the potential to improve the
coverage of morphological analyzers for the Lanna language without explicit word
boundary markers.

Keywords: Lanna structural grammar, Lanna word segmentation, unsupervised word
segmentation, Lanna word segmentation framework
Introduction

The Lanna language is a tonal language in manuscripts, texts, and temple scriptures

which the different phonemic tones may lead
to a different intended meaning of a word. This
language is still spoken by local people in
Northern Thailand. The Lanna script is a
descendant of the Old Mon script and can
predominantly be found in old religious

(Maneechedta, 1994; Pansook, 2008; Prongthura,
1982). Figure 1 shows an example of Lanna
script.

The Lanna writing system does not have
a standard form and can be represented using
various writing styles, since the Lanna learning
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system uses a teacher- centered instruction
format (Maneechedta, 1994). Lanna text is written
continuously without a delimiter between
words causing several difficulties for
describing the language characterization.
Word segmentation is an important task
in natural language processing for languages
without word delimiters. Most existing approaches
are supervised. However, unsupervised approaches
are more adaptive and can cooperate with
supervised ones to overcome the drawbacks
of both approaches. The unsupervised word
segmentation methods are represented by
various research works. Goldwater et al. (2006)
presented an alternative framework for word
segmentation that relies on Bayesian statistics
through a method based on Dirichlet processes
and inference by using Gibbs sampling.
Mochihashi et al. (2009) proposed a combination
of dynamic programming and an accurate
spelling model from a Bayesian perspective.
Zhikov et al. (2010) presented an algorithm for
unsupervised word segmentation with branching
entropy and minimum description length that
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utilizes the local predictability of adjacent
character sequences. Wang et al. (2011) proposed
an iterative process ESA that consist of 3
phases: evaluation, selection, and adjustment.
The research suggests that it is effective on
Chinese corpora. Spiegler et al. (2009) described
a Promodes algorithm for unsupervised word
decomposition which was based on a
probabilistic generative model and applied
statistics of a small training set instead of
building a morphological dictionary and a rule
base.

Many previous methods focus on the
observation that transitions between units
(characters, phonemes, or syllables) within words
are generally more predictable than transitions
across word boundaries, while statistics have
been proposed for measuring these differences.
Several methods are based solely on local statistics
and a few works exist on unsupervised word
segmentation from linguistic knowledge. However,
there is some research focusing on unsupervised
approaches through a knowledge of the structure
of a language. Somsap and Seresangtakul (2013)
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presented Isarn Dharma word segmentation
based on the Isarn Dharma writing system and
dictionary.

At present, we still lack a Lanna corpus
and dictionary for computational language
processing. Such a manual tokenization can take
a lot of time and needs literate trained scholars.
For these reasons, we introduce an approach to
find suitable methods in Lanna computational
linguistics without a corpus and dictionary. We
address the problem of Lanna word segmentation
by introducing a Lanna structural grammar
which can produce accurate and appropriate
segmentation methods. In this paper, we propose
a new framework for Lanna word segmentation
by developing unsupervised word segmentation
algorithms that applied the Lanna structural
grammar to determine word boundaries. This
paper is organized as follows: section 2 describes
the materials and methods that consist of the
Lanna structural grammar, Lanna word
segmentation algorithms, and an unsupervised
Lanna word segmentation framework. Section
3 describes the experiments while the results
and discussion are shown in section 4. Finally,
the conclusions are presented in section 5.

Materials and Methods

Lanna Structural Grammar

The Lanna writing system is alphabetic.
It is written across the page from left to right
with no spaces between words, like the Thai
Language; when spaces are used, they serve as
punctuation markers, instead of commas or full
stops. The Lanna script has various types of
characters including vowels, consonants, tone
marks, and some special characters. In addition,
the structures of Lanna words are classified
into 6 groups (Siriratphiriya, 2005) as follows:

1. No final consonant type which consists
of only 3 components: consonant, vowel, and
tone mark. The vowels can occur before, after,
above, and below the consonants or combinations
of these places as shown in Figure 1(a).

2. Lower final consonant (LFC) is a word

where the final consonant appears below the
initial consonant or it can appear below the
vowels as shown in Figure 1(b).

3. Backward final consonant (BFC) is a
word where the final consonant directly
follows the initial consonant when the vowel
or vowel combination takes up a space below
the preceding consonant as shown in Figure
1(c).

4. Khomson consonant is a word that
consists of 2 initial consonants, Tua Khom
(directly follows the initial consonant) and Tua
Son (appears below Tua Khom) as shown in
Figure 1(d).

5. Rahong cluster is a word where the
Rahong (' ) symbol appears directly in front
of the initial consonant as shown in Figure
1(e).

6. Special consonant is a word in which 2
characters are combined, but is written in the
form of a single character as shown in Figure
1(D).

The Lanna writing system is complex,
and it has the particularity to be used to write
different forms with different rules and
specific characters. Unfortunately, nowadays,
we still lack a Lanna corpus and dictionary for
computational language processing. Therefore,
we have designed the Lanna structural
grammar based on the Lanna writing system
that is described above. In our previous work,
we proposed the Lanna structural grammar for
computational linguistics processing. We
applied this grammar for a word segmentation
system without using a dictionary. The
experimental results demonstrated the
effectiveness of the grammar (Suradet and
Yathongkhum, 2014). However, the word
segmentation system cannot fit in the case of
words that contain a special character. Some
Lanna words indicate that the special
characters have their own specific writing
system that are excluded in this grammar.
Thus, we have designed additional grammar
for Lanna special characters. The proposed
adaptive Lanna structural grammar can be
stated as follows:
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Lanna Word Segmentation Algorithms

The purpose of the unsupervised Lanna
word segmentation algorithm is to discover
correct word boundaries in a Lanna sentence.
The Lanna structural grammar was applied for
matching a character sequence in the forward
detection and backward detection algorithms.
The matching process, with forward or
backward matching will be executed to obtain
all the possible segmentation candidates. Then,
a search for the optimal segmentation will
determine word boundaries by the word
segmentation algorithm.

We introduce here the notation that will
be used throughout the algorithms in this

paper. Let S[c;,c,,...,c,] be an array of

characters in the Lanna sentence where 7 is the
number of all characters. Let 7' be a set of word
types as described in section 2. Let P; and P;
be an nxn array of possible word types in S that
are detected by the forward detection
algorithm and backward detection algorithm,
respectively. Let W denote the set of all words

that are segmented by the proposed
unsupervised Lanna word segmentation
algorithm.

Forward Detection (S)

1 fori<—1 tonm

2 dofor j €< i ton

3 do detect word boundary by

Lanna structural grammar
4 ij[Ci""’Cj]G T
5 then B[, j]<1
6 else Ali, j1<0
7  Word segmentation (P, S)

Backward Detection (S)
1 for i€<—n downto 1

2 do forj €<—idownto 1

3 do detect word boundary by
Lanna structural grammar

i S[cj,...,cl.] eT
then B[/,i]«1
else B[/.1]<0
Word segmentation (P, S)

NN »n A

Word Segmentation (P, S)

1 i1

2 m<—1

3 while ; <y

4 do forJ €7 downto 1
5 doif Pli,j]=1
6 then kK €—J
7 Wlm]<—Slc;..c; ]
8 m<—m+1

9 i€—k+1

Unsupervised Lanna Word Segmentation
Framework

The purpose of the unsupervised Lanna
word segmentation framework, as shown in
Figure 2, is to discover correct word
boundaries in a Lanna sentence. The input of
our framework is the sequence of characters.
We develop the forward detection and
backward detection algorithms applied with
the Lanna structural grammar to predict words
from the character sequence. The aim is to
compare the word segmentation correctness
between the 2 algorithms. The matching
process, with forward or backward matching
will be executed to obtain all the possible
segmentation candidates. Then, the word
segmentation algorithm is applied to select the
most appropriate segmentation choice from the
candidates.

Experiments

We validate the proposed framework by
randomly selecting Lanna phrases which
contain 8,773 Lanna words from a variety of
document types. The datasets are separated
into 6 groups as below:

Group 1 is a set of Lanna phrases that
contains 3,631 Lanna words which were
randomly selected from Lanna Khaosaw, the
Setthi Hua Wiang (Punjaburi, 2014). Khaosaw
is a form of literature that uses aesthetic and
rhythmic language.

Group 2 is a set of Lanna phrases that
contains 912 Lanna words which were
randomly selected from idioms in Lanna
legends (Lackmuang, 2009).
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Group 3 is a set of Lanna phrases that
contains 144 Lanna words which were
randomly selected from Lanna inscriptions for
worshiping in Chedi Phra Mahathat Si Wiang
Chai, Lamphun, Thailand. The characteristics
of words in this group have grammatical
features and terminology similar to the Pali
language which uses subscript consonant
symbols, double consonants such as the
Khomson type that tend to compress and
shorten a vowel sound.

Group 4 is a set of Lanna phrases that
contains 655 Lanna words which were
randomly selected from the lessons of basic
Lanna Dhamma script (Inchai and Wongthong,
2018). The words in this group include simple
and compound words.

Group 5 is a set of Lanna phrases that
contains 310 Lanna words which were
randomly selected from news columns of
Lanna Kham Muang ( The Center for the
Promotion of Arts and Culture, Chiang Mai
University, 2018).

Group 6 is a set of Lanna phrases that
contains 3,121 Lanna words which were

randomly selected from old Lanna machine-
printed document images ( Chaijaruwanich,
2009). The dataset in this group is from old
Lanna literature.

In this research, the segmentation
accuracy is evaluated by means of precision,
recall, and F-measure:

Precision = —<orret
segment (1)
Recall = —correct.
Wall (2)
F — measure =2 x precision x recall
precision + recall )

where W,,,.. is the number of correctly

segmented words, W, gnen is the total number
of segmented words by the algorithm, and

Wi is the number of words identified by a

Lanna phrase

waccoro
/ lup? - pe:n! —
“uncle build a house’

tup? /

25

di

2 3 4
o’ |lee

@6"077 3‘

a sequence of characters in a Lanna phase

Forward Detection algorithm /
Backward Detection algorithm

Lanna Structural
Grammar

i

L

/ tup?/

/ pemt/
‘uncle > ¢ build ’

o [ cetf [ oo

/tup®/
‘a house’

segmentation result

Figure 2. The unsupervised Lanna word segmentation framework
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native writer. The evaluation and comparison
of different segmentation algorithms are
mentioned for the average of the precision and
recall for all Lanna phrase groups.

Results and Discussion

The experimental results in Table 1 show the
performance of the segmentation accuracy
between the forward detection and backward
detection algorithms. The precision result of
the dataset of group 3 for the forward detection
algorithm has a lower segmentation accuracy
than the others. It can be seen clearly that the

Lanna phrase

characteristics of the dataset of group 3 have
an impact on the proposed Lanna word
segmentation framework, particularly the
overlapping ambiguity of the segmentation
results from the forward detection algorithm as
shown in Figure 3. The segmentation result of
the forward detection algorithm is obviously
wrong, while the backward detection
algorithm can get the correct result. The
phonetic symbols that are shown in Figures 2
and 3 followed the phonology of the Lanna
language which was found in a Northern Thai
dialect book (Wimonkasem, 2006).

From the performance of the segmentation,
precision, recall, and F- measure, it was

PPN
U%fgc%sa

/pa:® - yu:? - bon! - hur:a?/
‘Aunt is on the boat’

Forward Detection algorithm

Jo | o [cSe

/pa:>/ /yuip/ /hur:a?/
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‘touch’

‘the boat’

Backward Detection algorithm

Jo /€5 1Y 1B

/pa>/ /yul/ /bon!/ /hur:a?/

‘Aunt’ ‘is’

3

on’ ‘the boat’

Figure 3.

Table 1.

The segmentation results from the forward detection and backward detection algorithms

The results of the segmentation accuracies

Forward detection algorithm

Backward detection algorithm

Lanna phrase

Recall Precision F-measure Recall Precision F-measure

Group 1 0.98 0.93 0.96 1.00 0.99 1.00
Group 2 0.97 0.95 0.96 0.99 0.98 0.98
Group 3 0.92 0.59 0.72 0.99 0.92 0.95
Group 4 0.94 0.87 0.90 0.95 0.84 0.89
Group 5 0.97 0.87 0.92 1.00 0.89 0.94
Group 6 0.97 0.94 0.96 1.00 1.00 1.00

All 0.97 0.93 0.95 0.98 0.98 0.98
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demonstrated that the backward detection
algorithm has a higher accuracy than the
forward detection algorithm. It can effectively
eliminate most of the overlapping ambiguity
which may arise from the forward detection
algorithm.

Conclusions

In this research, we proposed a new framework
for Lanna word segmentation by developing
the  unsupervised word  segmentation
algorithms that were applied to the Lanna
structural grammar to search for the optimal
segmentation to determine word boundaries.
The best overall performance was obtained
with the backward detection algorithm, with a
precision of 98% and recall of 98% which is
high enough to justify its practical
applicability and potential. Surprisingly, the
performances of the segmentation algorithms
do not depend on a variety of document types
and are not degraded with the increasing
number of words in a phrase. However, after
detailed investigation, we found out that the
Lanna structural grammar is still not suitable
for a group of consonants which have no

intervening vowel such as (O\C"T‘ (pha: 'th
a’na:?, which means “want”). Nevertheless, it
is a short ‘a’ sound in compound words that is
rarely found in Lanna documents but is
commonly used in Lanna inscriptions.

Extensive experiments on the various
datasets confirm that the Lanna structural
grammar can be applied for the word
segmentation system without using a corpus or
dictionary. Consequently, our approach is
suitable  for  computational linguistics
processing and has the potential to improve the
coverage of morphological analyzers for the
Lanna language.
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