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ABSTRACT

Title of Dissertation A Framework for Implementation of Thai to

English Machine Translation Systems

Author Mr. Tawee Chimsuk
Degree Doctor of Philosophy (Computer Sciences)
Year 2010

Machine translation (MT) is a sub-field of computational linguistics that
investigates the use of computer software to translate text or speech from one
language to another. It can help people to communicate with others with different
natural languages. Machine Translation (MT) between Thai and English languages
has been an ongoing and challenging research topic. Most research has been done on
English to Thai machine translation, but not the other way around.

Developing a machine translation system which can correctly translate any
sentence from one language to another, seems to be a formidable and challenging task
due to the big differences between syntax and semantics of the two languages. This
suggests that such a system should be implemented incrementally. Starting with a
system that can translate simple phrases and sentences, it can then be expanded to
include grammar rules and capabilities to translate new sentences which are more
complex and have not previously been successfully translated.

This research proposes a new framework to develop Thai to English machine
translation systems incrementally. It is based on the interlingua approach, where input
sentences are translated into intermediate representations before they are converted
into equivalent sentences in the other language. Lexical Functional Grammar (LFG) -
or an LFG tree structure - is used as an intermediate representation in this research.

The framework has been used to implement a prototype system that can translate



about 200 Thai phrases and sentences into English phrases and sentences, resulting in
a satisfactory quality of the translation output.
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CHAPTER 1

INTRODUCTION

1.1 Statement of the Problem

Nowadays information technology has enabled people to easily communicate
with others and to search for information in cyberspace. Most information in
cyberspace is written in popular languages such as English, French, German, Spanish,
etc. English, especially, has become the common language for information exchange
and dissemination. Most Thai people cannot write English very well, therefore
language becomes a barrier for Thais to present their information to the outside world.
It would therefore be convenient if we had an effective machine translation system
that could translate Thai texts into English texts. An effective machine translation
system could help people speaking two different languages communicate more easily.
Implementing such a system is not an easy task as the two languages differ in their
morphology, syntax and semantics. This suggests that such a system should be
implemented incrementally. We may first want to build a system that can translate
simple Thai phrases and sentences into English, and then subsequently expand the
system’s capability to enable it to cope with new sentences that have not been

successfully translated before.

1.2 Objectives of the Study

This research aims at developing a new framework for implementing Thai to
English machine translation incrementally. The framework can help simplify the
implementation process of the system as grammar rules, lexicon and their

corresponding translation modules can be progressively added into a system so that



new sentences can be successfully translated. The framework utilizes the
Interlingua approach, in which Thai sentences are parsed into interlingua which is
derived from a Lexical Functional Grammar (LFG) tree structure.

The LFG tree structure consists of two main structures: Functional structure
(F-structure) and Constituent structure (C-structure). The F-structure consists of
abstract functional information about components in a sentence, e.g. subject, object
and abstract features such as tenses and cases. The C-structure contains syntactical
structure information of the sentence by means of phrase structure trees.

The framework for implementing the machine translation system is divided
into four phases.

The first phrase performs Thai syntactic analysis on a given Thai sentence.
GFU-LAB software is modified to perform bottom-up parsing (Left-Corner parsing)
using LFG rules for Thai sentences. The output of the first phase is a nested list
structure consisting of the two structures of LFG, C-structure and F-structure. If the
given Thai sentence or phrase cannot be parsed successfully, the syntax of the Thai
sentence or phrase is analyzed manually using IC theory and new Thai grammar rules
found by the analyses will be added to the system. Alternatively, the output of that
particular Thai sentence or phrase is forwarded to the second phase.

The second phase converts the list structure of Thai LFG tree - produced from
the first phase - into an interlingua in a form of a general tree structure. The third
phase transforms the interlingua into a corresponding English C-structure tree. The
transformation process has two steps. The first step matches the child nodes of the
root in F-structure that represents the sentence level of the Thai LFG-tree against a set
of predefined patterns at the sentence level of an English sentence. The predefined
patterns are called sentence level FtoC patterns. Once a match is found, the
corresponding root and child nodes for an output English C-structure will be created.
The second step is performed recursively at each lower level or the phrase levels. The
step matches the current node and its children of the F-Structure against the
predefined set of phase level FtoC patterns. If a match is found, the corresponding
nodes in the partially constructed English C-structure tree will be created. If a match
is not found and equivalent nodes of English C-structure cannot be constructed

successfully, the syntactical structure of the sentence or phrase is analyzed and new



corresponding FtoC patterns along with necessary English C-node construction
modules are added into the system.

The fourth phase constructs an English sentence by traversing the English C-
structure tree derived from the third phase and printing out all English words of the
leaf nodes in the direction from left to right. The list of the printed words forms the
English phrase or sentence which has the same meaning as the given Thai

phrase/sentence.

1.3 Scope and Limitations of the Study

A prototype system which can perform Thai-English translation will be built
based on the framework. Thai and English sentence grammar rules and their lexicon
will be constructed based on 200 sentences/phrases from Orchid Corpus of NECTEC.
Since the purpose of the implantation of the prototype system is to verify whether the
framework can be implemented, all sentences/phrases used to develop the system will
be limited to simple phrases/sentences. The quality of the translation output from the
system will be evaluated by three Thai graduate students who are proficient in English
and currently studying for Masters degrees in Languages and Communications at
NIDA.



CHAPTER?2

LITERATURE REVIEW

Machine translation (MT) or Automatic translation is a sub-field of
computational linguistics (Arnold, Balkan, Meijer, Humphreys and Sadler, 1994: 1).
It translates sentences from one language (source language) to another language
(target language). In addition, it is multi-disciplinary involving many fields such as
artificial intelligence, linguistics, statistics, philosophy and so on. The aim of machine
translation is to make it easier for people with different languages to communicate. A
machine translation system that produces a high quality, highly accurate translation
with high efficiency can help people with different natural languages to communicate

without the need for a human translator.

2.1 A Brief History of Machine Translation

It has been controversial in the science community as to who was the first to
introduce the concept of machine translation (MT) (Arnold et al., 1994: 12-15). The
first proposal to build a machine translation system was put forward in 1947 after
discussions between Andrew D. Booth, a British crystallographer, and Warren
Weaver of the Rockefeller Foundation. In 1949, Weaver proposed that computers
may be programmed to perform machine translations. By the early 1950s, there were
many research groups working on machine translation in both Europe and the USA.
In 1964, the Automatic Language Processing Advisor Committee (ACPAC) presented
the ACPAC Report to indicate the state of Machine translations. It reported a hopeless
state of machine translation research which had failed to produce a useful result in the
form of an acceptable translation. This led to the termination of Government funding

for machine translation projects in the USA.



For the next ten years, research in machine translation was mostly funded by the
Mormon Church to do bible translations. The funding helped lead the way in several
research projects on computational linguistics and Artificial intelligence. It was not
until the late 1970s that machine translation research began to produce some
successful results. Many machine translation systems have been successfully
implemented, for instance, English-French Machine translation SYSTRAN system,
Russian-English Machine Translation system built by USAF and NASA, EUROTRA
project of the CEC and so on. These machine translation systems can be considered as

some of the largest research projects in Natural Language Processing.

2.2 Problems in Machine Translation

When devising a machine translation system, many problems can be
encountered which can complicate the construction. The problems can be categorized

as follows (Arnold et al., 1994: 105-121)

2.2.1 Ambiguity
Two types of ambiguities may arise during the translation

2.2.1.1 Lexical Ambiguity

Any word in one language can have more than one meaning which
causes lexical ambiguity and incorrect translation.

For example

a. “I show a Thai boxing”.
b. “The show is starting in the morning”.

From the above two sentences the word “Show” has two parts of
speech, verb and noun and thus two meanings. In (a). its part of speech is a VERB
while (b) is a NOUN. Suppose we want to translate the sentences in the example to
Thai language. Simply looking up the meaning from a bilingual dictionary of English-
Thai language may not be able to determine the exact meaning of that word for the
particular sentence. Considering the word position and its usages in the sentence can

help to identify the correct meaning of the word for a particular sentence.



2.2.1.2 Structural Ambiguity
A structural ambiguity can exist in a phrase or sentence if there are
more than two structural interpretations for the phrase or sentence.
For example
“Somchai saw Dang using spyglass”.
A sentence can be interpreted in two ways as follows
1) Somchai used spyglass to see Dang

2) Dang was using spyglass, and Somchai saw him.

2.2.2 Lexical and Structural Differences
At lexical level, a single word in one language can possibly be translated into
several words in other language. For example, the English word: eat can have two

Thai words with similar meaning, i.e. #u or Sudsznu

At structure level, different structures can carry the same meaning. These
differences create problems of choosing which of the words or structures are to be

used for translating the given sentence.

2.2.3 Multiword Units; Idioms and Collocations.
2.2.3.1 Idioms
In general, idioms need to be treated as a single word or translated using
special treatment.
For example,
Somchai is making much noise. cut it out!.
The idiom cut it out in the above sentence means stop doing something
(making much noise in the sentence context).
There are two approaches to handle the idioms.
1) Represent the idiom as a single unit and translate the unit
into corresponding word or structure of the target language.
2) Use special grammar rules to parse the idiom into special
representation and then convert the representation into corresponding structure of the

target language.



2.2.3.2 Collocations

A collocation is a compound word containing two or more words that
often go together. There are various types of collocations, for instance,

Adverb + adjective

Adjective + noun

Noun + Noun

Noun + Verb

Verb + Noun

Verb + Expression with preposition

Verb + adverb

For example in the case of adjective + Noun
The doctor ordered him to take regular exercise.
Translation of collocations can be handled differently from idioms, e.g. a
collocation can be translated into a structure with dependent parts before the structure

can be translated into a corresponding structure of the target language

2.3 Machine Translation Methods.

Several machine translation methods have been proposed (Arnold et al., 1994:

59-81,173-195). They are as follows:

2.3.1 Rule-based Method
It was the first method for machine translation that utilized collection of rules
(grammar rules) and dictionary for translation. The method can be subdivided into

three approaches as shown in figure 2.1.
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Figure 2.1 The Vauquois Triangle.

2.3.1.1 Direct Translation
This method is used in the case where source and target languages have
similar grammar rules and so the translation is usually performed at word level. Little
translation of structures at phrase or sentence level is performed. The translation
requires a large bilingual dictionary and grammar rules to specify the word order and
morphology to produce the sentence in the target language.
2.3.1.2 Transfer Translation
This method is an improvement of the direct translation method. There
are three steps involved in this approach
1) It first translates the source text into abstract representation
which may be language dependent
2) It then converts the abstract representation into equivalent
target language representation
3) Finally it converts the target language representation into

final target language text



2.3.1.3 Interlingua Translation

This method requires translation of a source language sentence into an
intermediate representation or interlingua. The intermediate representation must be
able to express the semantics of the translated sentence. In addition, the Interlingua
must be language independent so it can be converted into several target languages.
This method normally consists of two stages. The first stage translates the source
sentence into an Interlingua and the second stage converts the Interlingua into a
sentence of the target language. There were a number of machine translation
researches using interlingua approaches. For instances, Dorr (1987) used a tree
structure interlingua, Lee, Yi, Seneff and Weinstein (2001: 1-6) employed a semantic
frame as interlingua, Xuan, Huiping, and Huowang (2002: 464-472) employed a
framework as interlingua, and Turhan (1997: 320-323) used a case frame as

interlingua.

2.3.2 Knowledge-Based Machine Translation

This approach is similar to the interlingua approach, namely the input sentence
language is translated into an intermediate form which is independent of any
language. The difference between the two approaches is that the intermediate form of
the knowledge based machine translation is intended to represent the semantics of the
input sentence rather than the syntactics of the sentence. The processes of this
approach include two phases: the syntactic analysis that translates the source texts into
intermediate form representing only its meaning (semantic knowledge), and the
transformation of the intermediate form or semantic representation into the target
language. Hence, the meaning (knowledge) is extracted from the input sentence and
used during both analysis and transformation phases. This approach attempts to
acquire and encode various kinds of meaning or knowledge from sentences for the

purpose of disambiguation.

2.3.3 Corpus-Based Machine Translation
This approach has gained more popularity for machine translation following

the developments in machine translation technology. The Corpus-based machine
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translation systems can learn how to translate words, phrases and sentences from
previously translated materials (corpus). The method uses either statistical techniques

or analogical mapping to select the best translation from the corpus.

2.3.4 Hybrid Approaches
The hybrid approaches may combine two or more methods in performing the
translation, for instance, statistical-based method combined with traditional rule-based

approach.

2.4 Characteristics of Thai Language

The characteristics of Thai language have been extensively discussed in
scientific publications (Banchob Bandhumedha, 2002; Amara Prasithrathsint,
Yuphaphann Hoonchamlong and Saranya Savetamalya, 2003; Nittaya Kanchanawan,
1999; Navavan Bandhumedha, 2006). Important characteristics of the Thai language

are as the follows

2.4.1 Properties of Thai Language
2.4.1.1 Thai word is an isolate language, having its complete, exclusive
meaning. Some word may have several meanings. The position of a word in a
sentence is used to identify which particular meaning it represents. The order or
arrangement of words in a sentence also plays a role in determining the part of speech
for the words in the sentence. To indicate gender, number, tense, or mood of a word,
other words must be added to form a compound word (Banchob Bandhumedha, 2002:
1-2).
2.4.1.2 A Thai sentence can be divided into four parts
1) Subject part, this part must precede a predicate part and can
be placed at any position in a sentence.
2) Predicate part, this part must follow a subject part but

precede any object parts. In a Thai sentence there can be more than one predicate part.
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3) Object part, this part always follow the predicate part,
however some predicate parts may not need object parts.

4) Modifier part, e.g. an adjective or adverb. An adjective
expands a subject part or object part and must be placed after the subject or the object

part. An adverb expands a predicate part and must be placed after the predicate part.

2.4.2 Types of Thai Sentences
There are four types of Thai sentences as follows (Banchob Bandhumedha,
2002: 101-103; Nittaya Kanchanawan, 1999: 143-144)
2.4.2.1 Order Sentences
These types of sentences do not need a subject part as it implies that the
listener is the subject part who is ordered to do something. If there is a subject part, it

wants to emphasize who is the subject for the order. For example,

uae/1n (Dang come)

2.4.2.2 Persuasive Sentences

They ask someone to do something so they share the same properties as

the order sentence. The sentence must end with words such as 41, 4, % to show the

persuasion.

2.4.2.3 Interrogative Sentences

Adverbs of question such as Who, What, Where, When, How must exist
in this type of sentences.

2.4.2.4 Affirmative Sentences

They are always used to state general facts or tell general stories.

2.4.3 Thai Language Processing Problems
2.4.3.1 Word Segmentation Problem
A Thai text is a string of symbols with no explicit word boundary,
which is similar to Japanese, Chinese and Korean languages. To perform Thai
language processing, Thai text must be segmented into strings of words.

Complications in Thai word segmentation can arise as there can be more than one
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word segmentation pattern for some given sentences. Several research studies have
been done on Thai word segmentation. (Sojka and Antos, 2003: 65-72) employed
pattern matching to Thai texts. (Tanapong Potipiti, Virach Sornlertlamvanich and
Thatsanee Charoenporn, 2000: 176-181) used statistical methods to determine the best
word segmentation pattern for a Thai text. (Surapant Meknavin, Paisarn
Charoenpornsawat, and Boonserm Kijsirikul, 1997) used machine learning techniques
with feature-base for Thai word segmentation. (Paisarn Charoenpornsawat, Boonserm
Kijsirikul, and Surapant Meknavin, 1998) used machine learning to learn feature-
based for identifying Thai unknown word boundaries and Thai Proper names.
(Boonserm Kijsirikul, Paisarn Charoenpornsawat and Surapant Meknavin, 1999)
showed the effective result of Winnow than RIPPER to Thai Named-Entity
Identification. (Wirote Aroonmanaku, 2002: 68-75) presented approach of Thai word
segmentation based on syllable segmentation and syllable merging.

2.4.3.2 Sentence Segmentation Problem

There is no explicit Thai sentence marker like a full stop in English.
Generally, a space can be put at the end of a Thai sentence to indicate the end of the
sentence, however it does not always indicate the end of a sentence. Pradit
Mittrapiyanuruk and Virach Sornlertlamvanich (2000: 23-28) used a tokenization
concept, word segmentation and a part-of-speech trigram model to check the sequence
of POS to determine the end of a sentence. Paisarn Charoenpornsawat and Virach
Sornlertlamvanich (2001) used technique on machine learning on training corpus to

build a method for segmenting a Thai paragraph into sentences.

2.4.4 Comparison of Thai and English Language Characteristics
The similarities and differences between Thai and English can be summarized
as follows (Wittaya Nathong, 2003: 51-214)
2.4.4.1 Inflection Language
English languages are Inflectional languages. Morphemes of English
words can be changed internally to indicate number, gender, tense and so on. In
contrast, Thai language, morphemes can not be changed to indicate number, gender

and so on.
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1) Plural Noun Inflection

To indicate plurality of a noun in English, the suffix —s is
appended at the end of the noun, while in Thai an adjective is used to express plurality
of a noun.

2) Possessive Cases

Apostrophe s is employed to indicate possession in English

language. Thai language uses a preposition wes (0f) to indicate possession.

3) Pronoun Inflection

English language uses I, we, you, he, she, it, they and who as
subjective forms of pronoun inflection and uses me, us, him, her, them and whom as
objective forms of pronoun inflection while you and it can be used for both cases.
Thai language has no Pronoun inflection.

4) Verb Inflection

There are five forms of verb inflection in the English language,
simple form, singular, past tense, past participle and present participle. There is no
verb inflection in Thai language.

5) Comparison of Adjective and Adverb Inflection

Inflection of adjectives and adverbs in English language
indicate the degrees of the adjectives or adverbs. Three degrees can be expressed, i.e.
positive (normal) degree, comparative degree and superlative degree. Thai language

uses the word niito indicate comparative degree and the word figato indicate

superlative degree.

2.4.4.2 Derivational Suffixes

For English language derivational suffixes such as ly, ing can be
appended to a word to alter their part of speech, i.e. verb to noun, verb to adjective,

noun to adjective, adjective to noun and so on. For Thai language the word n1s can be
put in front of a verb and thus constitute a noun compound word, anuput with an
adjective to make a noun compound word and ¢ together with an adjective to make

an adverb compound word.
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2.4.4.3 Basic Sentence Structure
Basic sentences are sentences comprising only three word types; noun,
verb and adjective. The structures of English and Thai basic sentences can be

summarized as follows in table 2.1

Table 2.1 Thai and English Basic Sentence Structures

Thali sentence structures English sentence structure
Noun + Transitive verb + Noun D+N+TV+D+N
a3 19z Wavea (Dang kicks football.) The boy hits his brother.
Noun + Intransitive verb D+ N+ Int. V.
1na 39 (Dang runs.) The boy runs
No Structure D + N + L-verb + Adj
The boy is smart.
Noun + Linking verb + Noun D+N+L-verb+D+N
uag 1ilu a3 (Dang is a writer.) The boy is a sportsman.

Note: D = noun-determiners
N = noun (include pronoun)
Int.V = Intransitive verb
TV = Transitive verb

L-verb = linking verb

2.5 Research Works on Thai-English Machine Translation

Machine Translation (MT) between the Thai and English languages has been
an ongoing research topic within Thai natural language processing. Most of the
research was done on English-to-Thai machine translations, but not the other way

around. Machine translation systems were implemented both for research and for
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commercial application. Virach Sornlertlamvanich, Paisarn Charoenpornsawat,
Mothika Boriboon and Lalida Boonmana (2000) implemented an English-to-Thai MT
system that used the Interlingua approach extended from the CROSSROAD system,
a MT system originally designed for Japanese. Three types of grammar , namely
Phrase Structure grammar, Dependency grammar and Case grammar, were all used
within the English-to-Thai MT system. The dictionary used in the system consisted
of S-BLOCK comprising of the syntactic information for English words, C-BLOCK
comprising of the semantic information for English words and the final block — G-
BLOCK comprising of the syntactical information for Thai words. Prachya
Boonkwan and Asanee Kawtrakul (2002) implemented an Internet-based English-to-
Thai MT system translation assistant system which performed sentence structure
transfer between the two languages. Since the system was semi-automatic, users could
manually choose the most appropriate translation and could manually input new rules
into the system to resolve some of the translation problems such as structural
ambiguities. The system could be divided into four components. The first component,
syntactical analysis, required users to identify a sentence boundary before the parsing
could be performed. The second component performed probabilitic structural
transformation between the two languages. The third component performed Thai
sentence generation using linguistic knowledge of translation as well as unknown
English-Thai word alignments. In other approaches, a hybrid combinding rule-based
and example-based machine translation, was proposed, for instance, (Kaewchai
Chancharoen, Nisanad Tannin and Booncharoen Sirinaovakul, 1998) proposed a
system that used grammar rules to parse English sentences into phrase structure form
and then performed mapping of the structures into a Thai sentence. This system used
a corpus-based approach to calculate the probabilities of words to be selected and
used for the translation. Another approach (Booncharoen Sirinaovakul and Kaewchai
Chancharoen, 2002) proposed machine-aided translations based on language structure
matching and transformation. Sentences were parsed into phrase structure format
using a bottom-up technique. Equipped with a large bilingual dictionary for mapping
words between the two languages, the system could solve ambiguities by selecting a

proper Thai word for a given English word. One of the popular web-based MT
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systems was established by internet giant Google company. The system could perform
bi-directional multilingual translations using the corpus-based approach. It used a
very large dictionary to keep several billion words in all the languages it supported.
Another MT system was implemented by Asia Online Pte. The system could translate
ten Asian languages and more than twenty-three European languages (about 500
different language pairs). The system adopted a statistical machine translation (SMT)
platform that could learn from human feedback to improve the quality of its
translation. Other linguist tools, such as sentence alignment, optical character
recognition (OCR), word segmentation and so on, were also incorporated into the

system.

2.6 Lexical Functional Grammar

Lexical functional grammar (LFG) was developed using a linguistic theory to
study several aspects of linguistic structures and the relations between them (Falk,
2001: 1-89). LFG was developed by Joan Bresnan and Ron Kaplan for natural
language processing. It views a language as being made up of multiple dimensions of
structures. Each of these dimensions is represented as a distinct structure with its own
rules, concepts, and forms. LFG grammar introduced several structures to represent
the syntactic and semantic information of a sentence. Two LFG structures, used in
this research are Functional structure and Constituent structure. Functional structure
(f-structure) represents the abstract grammatical functions and features of a sentence
such as subject, object, tense and case. Constituent structure (C-structure) represents
the word order and phrasal grouping of a sentence in a form of phrase structure trees.
LFG grammar has previously been used in natural processing, for instance, Giingordii
and Oflazer (1994: 494-500) for Turkish language, (Maosong, 2001) for Chinese
language and (Briffault, Chibout, Sabah and Vapillon, 1997: 1-14) for French

language.
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2.6.1 Constituent Structure (C-structure)
The C-structure of a sentence is represented by a phrase structure tree.

Considering the following phrase structure grammar rules

S > NP VP
(TsuBn=4 (T=1)

VPS>V NP
(ToBh=14
NP > N N
(T™ODI) = {
NS>N

N => cross cut picture

N - body
V = snapshot

N - computer

A phrase structure tree for a Thai sentence “Apuiines o1v MNAAYIN 319M8”,

which can be described by the above grammar rules is shown figure 2.2. The phrase

structure tree can be constructed through the syntactical analysis of the sentence.



S

NP VP
‘ / \TOB n=4
N v NP
| / NDI) =1
computer N N
(T PRED) = “computer” |
snapshot
( T PRED) = “snapshot <(* suBJ ( 1 0B)> ” body

(1 TENSE) = PRES (TPRED) = “body

cross cut picture
(TPRED) = “cross cut picture”

Figure 2.2 An Example of a Phrase Structure Tree (C-structure of a Thai Sentence

“QouNAADS 018 MNAEAVI 319Me”

2.6.2 Functional Structure (F-structure)

Phrase structure grammar rules are annotated with functional schemata using
two metavariables up-arrows (1) and down-arrows (J). Consider the functional
annotated phrase structure grammar rules and the example of phrase structure tree
derived from the grammar rules as shown above. The up and down arrow indicated at
any node in the tree describes how the functional information of that node will be
transferred to or shared with the f-structure of its parent node. Up arrows refer f-
structure of the parent node and down arrows refer to the f-structure of the node itself.

According to the example structure tree the functional information contained
in the NP node (NP’s f-structure) will be transferred to the SUBJ part of the parent’s
f-structure (f-structure of S node). While the functional information in the VP node

( f-structure of VP node) is all transferred to or shared with its parent node.
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A PRED in the tree describes a semantic form of a lexical entry. The
functional information (TPRED) = “Computer” at the Computer node is transferred
up to its parent node and assigned to be the SUBJ part of the S node. The functional
information (TPRED) = “cross cut picture” at Cross cut picture node is also
transferred to be the OBJ part of the S node. As the (TPRED) = “snapshot<(TSUBYJ)
( TOBI)>" and (TTENSE) = “PRES” are all transferred to the VP node and finally
consolidated at the S node, the f-structure of the whole sentence at the S node are as

follows,

SUBJ [PRED ‘Computer’]
ORI PRED ‘Cross cut picture
MODI [PRED ‘Body’]
TENSE PRES
PRED ‘snapshot <( T SUBJ)( T OBJ )>’

J

Figure 2.3 A f-Structure of Thai Sentence “aouiinnas 110 MuAAY1e T19M8”

The information in the f-structure, as shown in figure 2.4, is displayed in a
form of Attribute-value matrix (AVM). The left-hand side of AVM is an attribute

name, and the right hand side is its corresponding value of the attribute.

2.7 Case Grammar

Case Grammar was developed by Charles J. Fillmore in 1968 (Cook, 1989:

1-13). The grammar was designed to describe the logical form of sentence in terms of
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a predicate and a series of case-labeled arguments. Semantic relationships between
noun and verb in a sentence are classified into six cases as follows;

1) Agentive

2) Instrument

3) Dative

4) Factitive

5) Locative

6) Objective

Phanu Sungkhavon (1984: 73-123) proposed that the semantic relationships
for Thai sentences should be classified into 16 cases as follows,

1) Agent: the relationship between a noun and a verb of action where the
action is performed by the noun.

For example:

1199/29 (Dang runs)
24 is an active verb.

1194 is the Agent.

2) Dative: the relationship between a noun and a verb where the noun is the

dative of the verb.

For example:

fuam  (Old house)
1A is an attribute verb.

1111 is the Dative of an attribute.



21

3) Experiencer: the relationship between a noun and a verb where the noun
expresses a feeling or experiences of the verb.

For example:

uAtites (Dang is tired)
4 .
YUY 1S a stative verb.

1193 is the Experiencer.

4) Object: the relationship between a noun and an action verb where the noun
is affected or changed by the action verb.

For example:

W@/Cﬁau/!ﬁ}ﬁy (Father repairs a chair)
%0 is an action verb.
Wo is an Agent.
Li?ffg is an Object.
5) Goal: the relationship between a noun and a verb of action where the noun

is the result of the action performed by the agent.

For example:

Hee/me/in (Noi weaves textile)
N9 is an action verb.
9 .
198 is an Agent.

¢ is an Goal.



22

6) Target: the relationship of a noun and a verb where the noun is the target of
the verb.

For example:

ia/lmana  (Nid goes to the market)
1) is an action verb.
1@ is an Agent.

f01A is an target.

7) Locative: the relationship between a noun and a verb where the noun is a
location of the verb.

For example:

v v
Ha/wWe/uwmA1®  (Nid sits on a chair)
114 is an action verb.
1@ is an Agent.

Y
119 is an Locative.

8) Participant: the relationship between a noun and a verb where the noun
participates in the action or the feeling of the verb.

For example:

Moy /1A / nues  (Noi is married to Dej)
1A is an action verb.
NUvY is an Agent.

1A% is a Participant.
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9) Quantity: the relationship between a noun and a verb, revealing a condition
or state.

For example:

YU /3191/20,000 U (The ring costs 20,000 baht)
5701 1is an attribute verb.
1% 1s a Dative.

20,000 U1 is a Quality.

10) Complementary: the relationship in which a noun is complementary to a
verb.

For example:

oo /1au/Wavea (Noi plays football)
1aU is an action verb.
"o is an Agent.

Wnvoa is a complementary.

11) Time: the relationship between a noun and a verb where the noun tells the
time of the action of the verb.

For example:

Ha/Au/f 4 (Nid wakes up at 4.00 am)
A .
@Y is an action verb.
1@ is an Agent.

§ 41is a Time.
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12) Cause: the relationship between a noun and a verb where a noun is the
cause of action or state, or an experiencer’s feeling.

For example:

1@ /59U / v ns1zua (Because of her mother, Nid decided to study in a
faculty of medicine)
(38 is an action verb.
1@ is an Agent.

113 is a Cause.

1iuo is a Complementary.

13) Source: the relationship between a noun and a verb of action where the
noun is a state before the action takes place.

For example:

Wo / NaY / 110NN (Father came back from his office)
N1 is an action verb.
W0 is an Agent.

Ao .
NNNU 1s a Source.

14) Instrument: the relationship between a noun and a verb of action where
the noun is an instrument or raw material used to perform the action.

For example:

Wo /1la/ ‘lJi:::if] A8 ALY (Father opened the door with the key)

11e is an action verb.

W0 is an Agent.

1329 is an Object.
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N is an Instrument.

15) Manner: the relationship between a noun and a verb of action where the
noun tells about the manner of the action.

For example:

uad / Seu / miade arennudale (Dang studies diligently)
(50U is an Action verb.

Wogis an Agent.
Wiedeisa Complementary.

k4
Auaale is a Manner.

16) Beneficiary: the relationship between a noun and a verb of action where
the noun is a beneficiary from the action.

For example:

Wo /e / ogn (father works to support his children)
147U is an action verb. o is an Agent.

an is a Beneficiary.

Consider a sentence “Dang kicks football” represented in the logical form of

the case grammar in figure 2.5
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Kick

AGENT Dang
OBJECT Football

Figure 2.4 Case Grammar of “Dang Kicks Football”

According to the principle of Case Grammar, “Dang” is an agent of the verb

“kick” while “football” is the object to the verb “kick”.

2.8 Immediate Constituent Analysis (IC)

Immediate Constituent Theory was introduced by Leonard Bloomfield an
American linguist in 1933. This theory has been used by linguists to analyze the
grammar of sentences. In the analysis, a sentence is repeatedly divided into successive
levels of disjoint constituents until word constitutes are reached and analysis is
performed for each level of constituent(s) (Amara Prasithrathsint, Yuphaphann
Hoonchamlong and Saranya Savetamalya, 2003: 151-157). A sample of analysis on

the grammar of a Thai sentence using IC-analysis is shown in table 2.2

Table 2.2 A Sample of IC-analysis of a Thai Sentence

o Y A

uaag %A W IRIZATRAT AN
J o Y A v
Laag YA NN AN

uaaz e azimiin arai
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2.9 Parsing or Syntactical Analysis

Parsing (syntactical analysis) is the process of analyzing a sequence of tokens
or words for a given sentence to determine whether the sentence’s grammatical
structure follows designated grammar rules. The parser, a program that performs
parsing, also produces a data structure called a parse tree, representing the syntactical
structure of the given sentence for later processing (Aho, Sethi, and Ullman, 1986:
159-267; Jurafsky et al., 2000: chap. 10).

In general, parsing can be performed in two approaches

2.9.1 Top-Down Parsing

It constructs a parse tree from the root node down to the leaves of the tree. The
parser starts with the whole sentence and breaks it down into smaller parts until
terminal symbols are reached. For example,

Consider the following grammar

S > bCa
C2>xy|x

and the input string of bxa.

To construct a parse tree for the input string using the top-down approach, the
parser first creates a single node labeled S. From the given grammar, it chooses the
first rule containing left hand-side symbol of current leftmost Nonterminal S to

expand the tree as in figure 2.5

I

b C a

Figure 2.5 The First Expansion of Parse tree by Top-Down Parsing


http://en.wikipedia.org/wiki/Token_%28parser%29
http://en.wikipedia.org/wiki/Top-down_parsing
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As the current leftmost leaf of the tree is a terminal symbol and matching the
current symbol pointed by an input pointer, so the input pointer is advanced to the
next input symbol. Next, symbol of the parse tree is C so it is expanded using the first

choice of C (C = xy). The output of tree after the expansion is shown in figure 2.6

Figure 2.6 The Second Expansion of Parse Tree by Top-Down Parsing

Now the current leftmost leaf of the tree is a terminal and matches with a
current input symbol, the input pointer is then advanced to the next input symbol. As
the current input symbol does not match with the leftmost terminal leaf labeled y, the
parser must backtrack and go back to expand C with other choice from the second
choice of C, a parse tree in figure 2.7 is built and the input pointer is also moved back

to the symbol X.

Figure 2.7 The Final Parse Tree Generated by Top-Down Parsing
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As the current leftmost terminal x matches with the current input, the input
pointer is then advanced to next symbol y, which then matches the leftmost terminal.
The parser can halt because there are no more inputs. Parsing was successful and can

now report the output.

2.9.2 Bottom-up Parsing

It starts from the words of the input and attempt to build a parse tree from
leaves up to the root by building internal nodes according to given grammar rules. It
succeeds if the parser can build a tree rooted with starting symbol S.

For example,

Consider the following grammar

S 2 xMNy
M > Mcd | ¢
N->a

and the input string is Xxccday.

The input string is scanned to find a substring that matches the right side of a
grammar rule and replaces the substring with the left hand-side symbol of the rule.
The parser chooses the leftmost ¢ and replaces it with M according to the rule M >
c. Next, the parser finds the substring Mcd of the result string and replaces the
substring Mcd with the symbol M according to M = Mcd. Next, the result string is
replaced by N according to N = a. It now becomes xXMNy which can be replaced by
S according to the first grammar rule. Hence, the given input string can be reduced to
the starting symbol S following some grammar rules (see figure 2.8). Therefore, the

input string is accepted by the parser.


http://en.wikipedia.org/wiki/Bottom-up_parsing
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xccday
xMcday
xMay
xMNy

Figure 2.8 Bottom-up Parsing on the Input String xccday

2.10 The Parser for LFG

GFU-LAB is to be used in our implementation. It is a software package
developed to support lexical functional grammar parsing. It was developed by (Juan
C. Ruiz Anton) and written in prolog programming language. The parser of the
software employs a left corner algorithm for parsing.

The Left-corner algorithm combines bottom-up and top-down methods. It
avoids going the wrong way -which is prone to occur in pure top-down and pure
bottom-up approaches - and thus causes unnecessary backtracking. Let us consider

English grammar rules as given in figure 2.9.

S> NP VP
NP > (DET) N
VP>V NP

Figure 2.9 Existing English Grammar Rules

Given an English sentence “The hunter saw tigers” which is to be parsed using
the left corner algorithm parts of speech for each word in the sentence, the outcome of

“The hunter saw tigers” is shown in figure 2.10
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the/DET
hunter/N
saw/V
tigers/N

Figure 2.10 Parts of Speech of Words in the Sentence “The Hunter saw Tigers”

Initially, a symbol *’ is placed in front of the first word of the given sentence
to indicate the current word position for parsing (see figure 2.11.) The following steps
of the left corner parsing are to be performed: First step: to assign acurrent goal

category and push it into stack, as shown in figure 2.12

S = goal category

Figure 2.11 An Initial Stack that S is the Current Goal Category

* The

Figure 2.12 The Initial Current Word Position

Second step: to determine the part of speech of the current word that is “The”,

2

i.e. DET, then advance the ‘*’ to next word in the input sentence and replaces “The

with DET, as shown in figure 2.13

DET # hunter saw tigers

I
The

Figure 2.13 The Current Word Position After the Second Step
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Third step: to find a grammar rule which the first element on the right-hand
side is DET, which matches the word “The” in the sentence. The rule “NP - DET
N” is found, this rule is then pushed into the stack. Place the ‘*’ after the “DET” to
indicate the current goal category position and set the Nonterminal (N) to be the

current goal category, as shown in figure 2.14

NP - DET * N (N = current goal category)

S

Figure 2.14 The Current State of the Stack after the Third Step

Fourth step: to determine the part of speech of the current word “hunter”,
which is “N”. Since the current goal category is the same as the part of speech of the
current word, the current word position ‘*’ is advanced to the next word and replaces

“DET hunter” with NP, as shown in figure 2.15

NP
/\
DET N *saw tigers

| |
The hunter

Figure 2.15 A Current Word Position after the Fourth Step

As all RHS symbols of the rule NP - DET N have been successfully
matched against words in the given sentence, the rule is popped from the stack.

Fifth step: to look for rules that have NP as the first elememt of the RHS. The
rule S 2 NP VP, V is found and pushed onto the stack. Since NP has been completed.
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the “*’ is then placed after NP and indicates the Nonterminal (VP) to be the current

goal category, as shown in figure 2.16

S-> NP * VP (VP = current goal category)

S

Figure 2.16 The Current State of the Stack after the Fifth Step

Sixth step: to determine the part of speech of the current word “saw” which is
V. As the goal category is not the same as the part of speech of the current word, i.e.
“VP £ V”, the rule that contains V as the first symbol of its RHS is considered. Hence
the rule VP - V NP is pushed onto the stack. The “*’ is then placed after the “V” to
indicate the current goal category which is the Nonterminal (NP), as shown in figure

2.17.

VP =2 V * NP (NP = goal category)
S-> NP VP

S

Figure 2.17 The Current State of the Stack after the Sixth Step

As the symbol V has been successfully parsed, the ‘*’ is advanced to the next

word in the input sentence, as shown in figure 2.18
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NP
/\
DET N V *tigers

The hunter saw

Figure 2.18 A Current Word Position at the “tiger” after the Sixth Step

Seventh step: to determine part of speech of the current word “tigers”. The
current goal category is “NP” while the part of speech of the current word of “tigers”
is “N”. A grammar rule (NP = N) with the first element of RHS is N (matched with

the part of speech of current word) is pushed onto the stack as shown in figure 2.19

NP > N

VP > V NP

S=> NP VP

S

Figure 2.19 The Current State of the Stack after the Seventh Step

Eighth step: since there is no further goal to be completed in rule NP = N, the
rule is popped, and so are the other rules on the stack. Thus all are popped from the
stack. Since the initial goal S is also popped and there is no more word in the sentence
to be parsed,the parsing process can be terminated. The final parse tree generated

from the left corner parsing is shown in figure 2.20



35

S
/\

/\ /\

DET
! | !

The hunter saw tigers

Figure 2.20 A Final Parse Tree of the Left Corner Parsing for the Sentence “

The Hunter saw Tigers”

2.11 Orchid Corpus

Orchid Corpus (Open linguistic Resource Channeled toward Interdisciplinary
research) was established to support research in natural language processing. It is a
cooperative research between Linguistic and Knowledge Science Laboratory (LINKS)
of NECTEC, Thailand and Kansai Advanced Research Center (KARC) of Japan. The
Orchid Corpus contains about 2 MB of texts from proceeding of a NECTEC annual
conference. Texts in the corpus are tagged using the primary part-of-speech (POS) tag
set of LINKS. Texts in the corpus are divided into three levels: paragraph, sentence,
and word levels. Probabilistic trigram techniques are used for word segmentation and

POS tagging. The some of data from orchid corpus are shown in figure 2.21



36

%TTitle: M3Y32ANMIINING A%aft 1

%ETitle: [1st Annual Conference]

%TAuthor:

%EAuthor:

%TInbook: M3U3ZHUNNIFIMNS afaft 1, TnsamsIvenazwannddnnseiinduazaouiiaes, Jeuilszana 2531, 1@y 1
%EInbook: The 1st Annual Conference, Electronics and Computer Research and Development Project, Fiscal Year 1988, Book 1
%TPublisher: gudima Tulagdidnnseiinduazasuiunesurand, nsznsasinnmans maluladuazmsndaa
%EPublisher: National Electronics and Computer Technology Center, Ministry of Science, Technology and Energy
%Page:

%Year: 1989

%File:

#P1

#1

Mydsgyumadnms adad 1

M3/FIXN

Usgqu/VACT

NI/NCMN

21M3/NCMN

<space>/PUNC

AfCFQC

17; 1/DONM

/!

#2

TasamsIdeuasiannadnniefinduazaeununos/

TasamsIvouaz WA /NCMN

Bidnnsefind/NCMN

1az/JCRG

ADUNIUADS/NCMN

1/

#P2

#1

quimaluTaddidnnseiinduazaoufiunesuvanay
quémaTuladdidnnseiinduazaouiinmosurana/NeRP

1

#2

nIgnINIMemans maluladiuarmnganuy/

nsgnsNIemans maluladiaznsnaaa/NPRP

/

Figure 2.21 Examples of Data from Orchid Corpus
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Thai part-of-speech used as the tagset for orchid. The tagset using with orchid

is categorized as follows

2111

Noun

It is used to refer to people, animal, place, thing or abstraction and can be

divided into 6 subcategories.

expression.

1) Proper noun (NPRP)
It is the name of a particular person, place, or thing.
2) Cardinal number noun (NCNM)

It is used to express number but is not the one used in a quantitative

3) Ordinal number noun (NONM)

It is used to put thing in a numerical order.

4) Label noun (NLBL)

It is used to label an item.

5) Common noun (NCMN)

It is used to refer to a person, a place or a thing in general.
6) Title noun (NTTL)

It is a descriptive or distinctive appellation to show a person's rank,

occupation, etc.

2.11.2

Pronoun

It may replace a noun or noun phrase and can be subcategorized into 4

subcategories.

about.

1) Personal pronoun (PPRS)

It represents a person to refer to oneself, the people or things to talk

2) Demonstrative pronoun (PDMN)
It refers to something being either near to or distant from the speaker.
3) Interrogative pronoun (PNTR)

It is used to form a question
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4) Relative pronoun (PREL)

It introduces a relative clause.

2.11.3 Verb
It occurs as part of the predicate of a sentence, or refers to an action, state or
attribute and can be divided into 3 subcategories.
1) Active verb (VACT)
It indicates an action of an entity.
2) Stative verb (VSTA)
It refers to a state and is not used in progressive aspect.
3) Attributive verb (VATT)

It refers to an attribute. For example, & (good).

2.11.4 Auxiliary
It is used with a verb of a sentence indicating a grammatical function such as
aspect, voice, mood or tense and can be divided into 5 subcategories.
1) Pre-verb auxiliary, before negator (XVBM)
It is used preceding a verb and in the position preceding the negator
"13" (not) in a negative sentence.
2) Pre-verb auxiliary, after negator (XVAM)
It is used preceding a verb and in the position following the negator
"13i" (not) in a negative sentence.
3) Pre-verb auxiliary, before or after negator (XVMM)
It is used preceding a verb and in the position either preceding or
following the negator "3" (not) in a negative sentence.
4) Pre-verb auxiliary in imperative mood (XVBB)
It is used preceding a verb, usually in the initial position of an
imperative sentence to show the grammatical function of imperative mood.
5) Post-verb auxiliary (XVAE)

It is used following a verb.
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2.11.5 Determiner
It is used with a noun restricting the meaning of the noun in some way and can

be divided into 9 subcategories.

1) Definite determiner: after a noun without a classifier in between
(DDAN)

It is used immediately after a noun and no classifier allowed in
between.

2) Definite determiner: allowing a classifier in between (DDAC)

It follows a noun or a classifier.

3) Definite determiner: between a noun and a classifier, or preceding a
quantitative expression (DDBQ)

It is used between a noun and a classifier or, preceding a quantitative
expression.

4) Definite determiner: following a quantitative expression (DDAQ)

It is used after a quantitative expression.

5) Indefinite determiner: following a noun and allowing a classifier in
between (DIAC)

It is used after a noun with or without a classifier in between.

6) Indefinite determiner: between a noun and a classifier, or preceding
a quantitative expression (DIBQ)

It is used between a noun and a classifier or, preceding a quantitative
expression.

7) Indefinite determiner: following a quantitative expression (DIAQ)

It is used following a quantitative expression. For example, n31 (over),
LA (more).

8) Determiner: cardinal number expression (DCNM)

It is a cardinal number used in quantitative expression

9) Determiner: ordinal number expression (DONM)

It is an ordinal number used to express the order.
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2.11.6 Adverb
It describes or modifies to the meaning of a verb, another adverb or a sentence
and can be divided into 4 subcategories.
1) Adverb with a normal form (ADVN)
It is used in the base form and is not in the form of repetition or is not
derived from a verb by adding an adverbial prefix "1aa" or "ating".
2) Adverb with an iterative form (ADVI)
It is used in an iterative form by combining with "9".
3) Adverb with an prefixed form (ADVP)
It is derived from a verb by adding a prefix such as "1a&" or "atina".
4) Sentential adverb (ADVS)
It shows the speaker's attitude to or evaluation of what is said in the

rest of the sentence.

2.11.7 Classifier
It is used with a noun showing the sub-class to which a noun belongs to
express the unit of a noun in counting. It can be divided into 5 subcategories.
1) Unit classifier (CNIT)
It represents an individual thing, animal or person.
2) Collective classifier (CLTV)
It is used to represent a set, group, class or type of thing, animal or
person.
3) Measurement classifier (CMTR)
It is used to represent the measuring unit of a noun
4) Frequency classifier (CFQC)
It is used to represent the frequency of a noun.
5) Verbal classifier (CVBL)

It derives from a verb to represent the unit of a noun.
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2.11.8 Conjunction
It joins words, phrases, or clauses together. The conjunction is divided into 3
subcategories.
1) Coordinating conjunction (JCRG)
It joins linguistic units which are equivalent or of the same rank.
2) Comparative conjunction (JCMP)
It joins a standard to which someone or something is referred and an
independent clause.
3) Subordinate conjunction (JSBR)

It joins an independent clause and a dependent clause

2.11.9 Preposition
It is used preceding a noun or a pronoun to link it grammatically to other word

or phrase (RPRE).

2.11.10 Interjection (INT)
It indicates an emotional state or attitude such as delight, surprise, shock, and

disgust, but has no referential meaning.

2.11.11 Prefix
It is added to the beginning of a word changing the meaning or function of the
word and can be divided into 2 subcategories.
1) Nominal prefix (FIXN)
It is added to the beginning of a verb (or a verb phrase) changing the
function of the verb (or the verb phrase) to be a noun (or a noun phrase).
2) Adverbial prefix (FIXV)
It is added to the beginning of a verb (or a verb phrase) changing the

function of the verb (or the verb phrase) to be an adverb (or an adverb phrase).
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2.11.12 Sentence Particle
1) Ending for affirmative sentence (EAFF)
It is added to the end of a sentence to indicate the mood of an
utterance.
2) Ending for interrogative sentence particle (EITT)
It is added to the end of a sentence to indicate the mood of

interrogative, and yes-no question.

2.11.13 Negator (NEG)

It is used to negate a sentence.

2.11.14 Punctuation (PUNC)
A mark or a sign (such as an opening/closing bracket, opening/closing quote,

comma, colon, semicolon, dash, exclamation mark, period, and question marker).



CHAPTER 3

THE PROPOSED FRAMEWORK

3.1 The Proposed Framework for Developing Thai to English Machine

Translation Systems

The proposed framework adopts the interlingua rule-based approach for the
process of translating a Thai sentence into an Interlingua and translating the
Interlingua into the corresponding English sentence. The reasons to choose the
interlingua rule-based paradigm instead of the Statistical approach, are the follows:
First, the rule-based approach does not need large bilingual corpora compared to the
statistical one. The preparation of a large corpus of several million words of Thai-
English translations is very time consuming. Second, we believe that the MT system
must be built incrementally to gradually enhance the quality of a translation and the
rule-based approach is more suitable as the system can be extended with new rules to
cope with more complex sentences. Some translation problems - such as lexical
ambiguity and structural ambiguity - can be handled and resolved by using rules.
Third, the rule-based MT approach can provide details or explanations of how the
translation steps are performed to achieve the output translation. Fourth, a Statistics-
based MT system requires a process to search for the best match between sentences in
a corpus and the given sentence and so requires a more powerful machine to run it
compared to the rule-based one . Finally, the proposed framework adopts an
interlingua approach so the interlingua can be extended to support a sentence
translation from one to many languages while the statistical approach translates only
one pair of languages at a time.

Our framework to develop Thai to English Machine Translation System can

be divided into four phases as shown in figure 3.1



44
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Figure 3.1 The Framework to Develop a Thai to English Machine Translation

System

&

FtoC-patterns }




45

3.2 Phases of the Framework of Thai to English Machine Translation

Systems

Each phase of the framework can be described as follows

3.2.1 First Phase: Thai Syntactical Analysis

This phase performs a syntactical analysis on a given Thai sentence using LFG
parser in GFU-LAB. The parser was modified to parse Thai sentences and generate
Interlingua. The syntactic analysis requires two sets of data as follows,

3.2.1.1 Thai LFG Grammar Rules

To develop Thai LFG grammar rules (Amara et al., 2003); Navavan
Bandhumedha, 2006; Nittaya Kanchanawan, 1999) about 200 noun phrases, verb
phrases, preposition phrases and simple sentences from Orchid Corpus were analyzed
using IC (Immediate constituent) analysis.

Orchid Corpus (Open linguistic Resource Channeled toward
Interdisciplinary research) was established to support research in natural language
processing. It is a cooperative research between Linguistic and Knowledge Science
Laboratory (LINKS) of NECTEC, Thailand and Kansai Advanced Research Center
(KARC) of Japan. The Orchid Corpus contains about 2 MB of texts from proceeding
of a NECTEC annual conference. Texts in the corpus are tagged using the primary
part-of-speech (POS) tag set of LINKS. Texts in the corpus are divided into three
levels: paragraph, sentence, and word levels. Probabilistic trigram techniques are used
in word segmentation and POS tagging.

Each phrase or sentence is repeatedly divided into successive
constituents until the smallest constituents - consisting of only a word or meaningful
part of a word - are reached. Each step of the constituent division can then be
translated into a Thai grammar rule in a context-free format. Finally, to convert the
Thai grammar rules in context-free format into LFG grammar rules, functional
annotations must be added, some the grammatical functions based on LFG grammar
such as subject, object, complement and so on, must be identified through Thai case

grammar analysis (Phanu Sungkhavorn, 1984: 27-123). There are about 218 Thai
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grammar rules that were derived from data from Orchid Corpus and used in the
system. These grammar rules can be categorized into two levels, namely sentence
level and phrase level (e.g. noun phrase, verb phrase and prepositional phrase). The
process of constructing Thai LFG grammar rules from a given Thai sentence can be

shown in figure 3.2

e —
Orchid Corpus

Pick a sentence

Sentence

[ IC-theory Analyze Thai grammar

‘ Thai grammar rules in Context Free Format
Analyze grammatical functions based on the context free
grammar rules and convert them into LFG grammar format

A 4

Thai LFG grammar rules

Figure 3.2 The Processes to Develop Thai Grammar Rules

For example, consider the following Thai sentence from Orchid corpus

shown in figure 3.3
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aoumes/ NCMN
01e/VACT
mMwaav11y/ NCMN

519me/NCMN

a Jd 1 % 1
ABUNIADT DY NWAAVIN TN //

Figure 3.3 A Sample Sentence from Orchid Corpus

The steps of deriving the grammar rules from the given sentence using

IC-theory can be shown in figure 3.4. The output from the analysis is a parse tree

shown in figure 3.5.

AONNUADS 218 MNAAUIN 379N
AONNUADS 218 NMNAAVIN 519018

a o [ Y] [
ADUNIUADS 018 NINAAVIN 519N

a Jd 1 @ 1
ABUNIAUABDT DY NIWAAUVIN TNNY

Figure 3.4 The Steps of Deriving Grammar Rules from a Thai Sentence

“aauiimes me Andave 319me ” using IC-theory
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7 S\
V/VP\

NP
NP
N \
N N
NCMN VACT |
AoUNIADS 21 ‘
NCMN NCMN
o 319M8
MNAAVI

Figure 3.5 An Output Parse Tree of the Given Sentence from the Analysis using IC-
Theory

The grammar rules in context-free grammar form are then extracted

from the parse tree as shown in figure 3.6

S >NP VP

NP - Noun Noun
VP - Verb

NP - Noun

Noun = NCMN [aeuiiunes |
Noun - NCMN [ awdavana |
Noun = NCMN [ s1ame ]

Verb = VACT [me]

Figure 3.6 Context-free Grammar Rules Corresponding to the Given Thai Sentence
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Finally, the context-free grammar rules are converted into LFG
grammar format, as shown in figure 3.7. Notice that functional annotations are added

into the context free grammar rules

s
(Tsub])/ \ T - i/
NP VP
T -
N Verb NP
‘ / (T&«) =l
N N

VACT
NCMN \ |
NCMN NCMN
S > NP VP
(Tsubj) = ¥
NP - Noun Noun
(Tmodi) =4
VP > Verb NP
(Tobj) =4
NP - Noun

Noun = NCMN [neuiiunes |
Noun = NCMN [ mwdavaa ]
Noun > NCMN [ 51 ]

Verb = VACT [ow]

Figure 3.7 Final Thai LFG Grammar Rules Derived from the Given Sentence
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3.2.1.2 Thai LFG Lexicon
The Thai LFG lexicon contains information on 800 Thai words in LFG
format. Each of the Thai words in the lexicon is tagged with its part of speech e.g.

noun, verb, classifier, determiner, preposition and so on. For example, the Thai word

a Jd @ [ . . - .
“QOUNANDT D18 MWAAUVINN 319018” contains information in LFG format as follows
AouNaes = NOUN

head = AoUNINDT

pred = computer
type = NCMN

ontology = computer

218 = VERB

head = a1®

pred = snapshot
type = VACT

ontology = verb

MNAAVI19 = NOUN

head = NWAAVIG

pred = cross cut picture
type = NCMN
ontology = sight
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579m8 = NOUN

head = 519018

pred = body
type = NCMN

ontology = person

The output of the first phase, after a given Thai sentence or phrase has
been parsed, is a nested list structure, consisting of two structures of LFG, namely C-
structure and F-structure. If the given Thai sentence or phrase can be parsed
successfully, the output of that Thai sentence or phrase is forwarded to the second
phase. Otherwise, the syntax of the Thai sentence or phrase is analyzed using IC
theory and new Thai grammar rules founded by the analyses will be added to the
system so that the sentence or phrase can be successfully parsed. Figure 3.8 (a) shows

an example output of the syntactical analysis for given a Thai phrase

“amiz IAINTIUAAAT the output of the syntactical analysis is as figure 3.8 (a)

[[modi=[wordtype=CLASSIFIER, head=nuz, sem=[pred=faculty, type=CLTV,
num=pl, ontology=community]], wordtype=NOUN, head=3anssumans,

sem=[type=NPRP, pred=engineering, ontology=applied_science,

modifier=[pred=faculty, type=CLTV, num=pl, ontology=community]]]]

Figure 3.8 (a) The Output Resulting from Syntactical Analysis for a Thai Phrase

“Qmy AAINITUAANST
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Another output example from the syntactic analysis is shown in figure

3.8 (b). The output for a Thai sentence is “AoUNIAD3 018 MNAAVIG 319« Note

that Thai words in a given sentence are transformed into equivalent English words

which are stored inside the PRED nodes of the F-structure.

[[subj=[wordtype=NOUN, head= neuiiunes, sem=[pred=computer, type=NCMN,

ontology=computer, case=agentive]], obj=[sem=[case=0bjective, pred=cross cut
picture, type=NCMN, ontology=sight, modifier=[pred=body, type=NCMN,
ontology=person_body]], modi=[sem=[pred=body, type=NCMN,
ontology=person_body], wordtype=NOUN, head=513me], wordtype=NOUN, head=
muaau], wordtype=VERB, head=a1 , sem=[pred=snapshot, type=VVACT,

ontology=verb, subject=[case=agentive, pred=computer, type=NCMN,

ontology=computer], object=[case=0bjective, pred=cross cut picture, type=NCMN,

Figure 3.8 (b) The Output from Syntactic Analysis Performed on the Sentence

a Jd 1 Y 1
“ADNNANDT DY NINAAVIN TNNY

3.2.2 Second Phase: Building a Thai LFG tree

In this phase the output from the first phase- which is in the nested list format-
is converted into a general tree structure, called a Thai LFG tree. The tree structure
will serve as an interlingua for the translation. The LFG tree comprises nodes that
hold syntactic and semantic information of the given Thai sentence. i.e. C-structure
and F-structure. For example, the output of figure 3.8 (a) can be converted into a

corresponding Thai LFG tree as shown in figure 3.9 (a)



53

WORDTYPE
Fmnssumans

WORDTYPE
engineering Applled science

Figure 3.9 (a) The Thai LFG tree (Interlingua) of the Phrase “auy NI TUMART

The output of figure 3.8 (b) can also be converted into a corresponding Thai

LFG tree as shown in figure 3.9 (b)
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(Tsub])/ \
/ \Qobj) s

Noun Verb
‘ ‘ / %) )
A e a8 Noun Noun
ADUNIAUNDT

NNARVIN 319N

Figure 3.10 C-Structure Tree of Thai Sentence “Aauiiae3 818 MNAAYIN F19A18*

The Thai LFG tree shown in figure 3.9 (b) consists of a C-structure
corresponding with the C-structure tree shown in figure 3.10. In particular, the root of
the Thai LFG tree S has a Subj, Obj wordtype, and head Sem subtrees. The Subj

subtree contains information of the subject “asuiinnes”, which is extracted from the
lexicon. The word type and head subtrees contain information on the “a1w”, which is

extracted from the lexicon. The Obj subtree contains information on the object which

is a noun phrase consisting of “smdavans” as the head of the phrase and the ”s1ne” as

the modifier of the phrase. Finally, the SEM subtree, representing F-structure
contains the semantic information for all components of the sentences e.g. subject,

object, and verb.

3.2.3 Third Phase: Building English C-Structure Tree

In this phase, an English C-structure - equivalent to the F-structure of Thai
LFG tree derived from the second phase - is created through a pattern matching and
transformation process. Predefined patterns, called FtoC patterns, are used for the
process. Each of the FtoC patterns contains a mapping between the substructure
pattern of F-structure and its corresponding substructure pattern in the English C-

structure. A substructure of F-structure in the LFG tree is matched against
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substructure patterns of FtoC patterns, and if a match is found, a corresponding
substructure of C-structure (English) is created. The advantages of using FtoC
patterns to construct C-structure (English) out of the given F-structure, are as follows.
First, the FtoC patterns can be constructed through pattern analysis between the F-
structure produced from Thai sentences and their corresponding English C-structures.
Second, FtoC patterns are basically mapping rules which can be added to or modified
easily to handle unseen sentences or phrases in the future. These mapping rules are
suitable for incrementally building the machine translation system. The FtoC patterns
can be divided into two sets, one for the sentence level and the other for the phrase
level.

3.2.3.1 Sentence Level Patterns

This level contains functional information about subject, object and so
on. The sentence level patterns are the matching between functional information of a
given Thai sentence and functional information of the English sentence. The ordering
of functional information of the equivalent English sentence for a given Thai sentence
is based on English grammar. For example, if the Thai sentences contain Subject,
Verb and Object nodes respectively, then, the corresponding pattern of the equivalent
English sentence is the following: Subject, Verb and Object. The current
implementation of the system employs 25 FtoC patterns for the sentence level.

3.2.3.2 Phrase Level Patterns

This level contains functional information and additional modifier
information. The phrase level patterns are the matching between functional
information and additional modifier of a given Thai phrase and functional information
and additional modifier of the equivalent English phrase. The ordering of this
information in the English phrase for a given Thai phrase is dependent on the English
phrase grammar. To perform pattern matching of nodes at phrase level the type of
information of nodes kept in the F-structure must be used for the matching. For

example, a given Thai phrase “auz/CLTV A3manssumani/NPRP” type or Orchid tag

sets of auz(CLTV) and Fsnssusnans(NPRP) are used during node matching.
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The FtoC patterns are predefined and need to be developed through the
pattern analysis process. Figure 3.10 shows the process of developing FtoC patterns
through the pattern analysis (performed by a linguistic expert). The current
implementation of the system employs 116 FtoC patterns for noun phrases, verb

phrases and preposition phrases.
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Thai input Sentences
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Human Translation
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English Sentences from human translator

Tag English Sentences using software CLAWS (http: ucrel.lans.ac.uk/claws)
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Figure 3.11 Process to Develop FtoC-Patterns
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There are two steps in the third phase. The first step matches the child
nodes of the root of F-structure tree against predefined FtoC patterns at the sentence
level. If a match is found, the child nodes are rearranged and converted into the
equivalent nodes of English C-structure at the sentence level.

The second step is performed recursively at each lower level of the root
or the phrase levels. Phase-level transformation is performed for each of the lower
levels. The phase-level transformation involves matching the current node and its
children against the predefined set of phase level FtoC patterns. If a match is found,
necessary rearrangement and transformation takes place. The transformation process
is performed recursively from the root to the leaves of the F-structure tree until the
whole tree structure has been processed. Each of the FtoC patterns consists of a
sequence of constitutes at the right hand side of a Thai LFG grammar rule. Examples
of FtoC patterns at a sentence level are shown in Table 3.1 while some examples of
FtoC patterns at a phrase level are shown in Table 3.2. The symbols used in the table
are as follows: Vi, Vo, and Vs represent finite verbs while V3 denotes a participle
verb. NP represents a noun phrase and PP denotes a preposition phrase. Like the
grammar rules used in the first phase, the FtoC patterns are built incrementally. If an
equivalent English C-structure is constructed successfully, the output English C-
structure will be forwarded to the next phase. Otherwise the syntactical structure of
the sentence or phrase is analyzed and new corresponding FtoC-patterns along with
necessary ordering/conversion modules are added into the system so that the

equivalent English C-structure can be successfully constructed.



Table 3.1 Examples of Sentence Level FtoC-Patterns

F-structure Patterns

English C-structure Patterns

PASSIVE
VOICE

FUTURE

PAST

PRESENT

VERB

VERB

(ADJUNCT + V)

VERB

(ADJUNCT + V)

VERB
(V + Modifier)
VERB

(V + Modifier)

SUBJECT

(NP)

SUBJECT

(NP)

SUBJECT

(NP)

SUBJECT
(NP singular)
SUBJECT

(NP plural)

OBLIQUE PHRASE

(PP)

OBJECT

(NP)

OBJECT 1

(NP)

OBJECT
(NP)
OBJECT

(NP)

OBJECT 2

(NP)

SUBJECT

(NP)

SUBJECT

(NP)

SUBJECT

(NP)

SUBJECT
(NP singular)
SUBJECT

(NP plural)

VERB

(is + V3)
(are + V3)

VERB
(will +V3y)
(shall + V;)
VERB

(V2)

VERB
(Vs + Modifier)
VERB

(V1 + Modifier)

OBLIQUE PHRASE

(PP)

OBJECT

(NP)

OBJECT 2

(NP)

OBJECT
(NP)
OBJECT

(NP)

OBJECT 1

(NP)

09



Table 3.2 Examples of Phrase Level FtoC-Patterns

F-structure Patterns

English C-structure Patterns

NOUN Phrase

PREPOSITION
Phrase

VERB Phrase

NOUN

(Proper Noun)
NOUN
(Common Noun)
NOUN

(Proper Noun)
NOUN

(Proper Noun)
NOUN

(Common Noun)

PREPOSITION

VERB

MODIFIER
(Classifier)
MODIFIER
(Ordinal Number)
MODIFIER
(Common Noun)
MODIFIER1 MODIFIER2
(Common Noun) (Common Noun)

MODIFIER

(Common Noun)

OBJECT

(Noun phrase)

NEGATOR OBJECT

(Noun phrase)

The

The

The

The

MODIFIER
(Classifier)
MODIFIER
(Ordinal Number)
MODIFIER
(Common Noun)
MODIFIER2
(Common Noun)
MODIFIER

(Common Noun)

PREPOSITION

DO + NOT

of NOUN
(Proper Noun)
NOUN

(Common Noun)

of NOUN
(Proper Noun)
MODIFIER1 of

(Common Noun)
NOUN

(Common Noun)

OBJECT

(Noun phrase)

Vi OBJECT

(Noun phrase)

NOUN

(Proper Noun)

19
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Let’s consider the construction process of the English C-structure tree

for a Thai sentence “ApuNABS 818 MNAAVING 319AY” (computer snapshot a body

cross cut picture). As the output from the second phase - Thai LFG tree- contains both
C-structure and F-structure, only the F-structure will be used for the English C-
structure tree construction. The F-structure of the processed Thai sentence is shown in
figure 3.12

@ ONTOLOGY OBJECT

Corostor > |
@0 Corse D

o> et =
SPEFEE

. @ a Jd 1 @ 1 ”»
Figure 3.12 The F-Structure of the Sentence “ABUNANDT D1Y NINAAVIN F19NY

Next, the F-structure of the Thai LFG tree is compared against FtoC-

patterns at sentence level patterns.
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A
ONTOLOGY

l A\ 4
@ @ MODIFIER
\ 4
@ ONTOLOGY

Comene S CromS

cross cut nicture @ \ 4
ONTOLOGY

SUBJECT

@ ONTOLOGY
Criomn >

F-structure pattern at Sentence Level C-structure pattern at Sentence Level

VERB SUBJECT | OBJECT = SUBJECT VERB OBJECT

Figure 3.13 (a) A Match Found Between the F-Structure of a Thai LFG Tree and an
FtoC Pattern at Sentence Level
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Once a match is found as shown in figure 3.13 (a), An English C-
structure tree that has aStart node is partially created according to the C-structure
pattern of the matched FtoC patterns. The root of the newly created tree contains three
sub-trees, namely Subject Sub-tree, Verb Sub-tree and Object sub-tree, as shown in
figure 3.13(b).

\ 4 A\ 4

SUBJECT VERB OBJECT

Figure 3.13 (b) The Partially Created English C-Structure Tree at the Sentence Level

The matching process continues for each subtree of the root of the F-

structure (see figure 3.13 (c). As to the Subject subtree, this subtree contains only the

information about the word  “asuiuees ” with no child subtrees. Thereforeall

information about the word is transferred to the Subject node of the English C-
structure tree currently under construction. As to the Verb subtree, it contains the

information about the word “ a1¢” and has no child subtrees. So, all information about

the word is transferred to the Verb node of the English C-structure tree. Finally, the

Object subtree contains information about the word “ awmdav9” and a Modifier

subchild containing information about the word “s1wme”. The matching process must

therefore continue at the phrase level on the Object subtree.
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OBJECT

A
l \ 4
Crren ) ONTOLOGY

obiective @

4

l

SUBJECT

A\ 4

4

Figure 3.13 (c) The Subtrees of Root of the F-Structure for the Given Thai Sentence

Next, the root and its children of the Object sub-tree are matched against

the FtoC-patterns at the phrase level. A match is found, as shown in figure 3.13 (d)
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MODIFIER

A
ONTOLOGY

4

OBJECT

obiective
cross cut nicture

F-structure at Phrase Level Enalish C-structure at Phrase Level
NOUN Modifier Modifier NOUN
=
Noun Noun

Figure 3.13 (d) A Match is Found Between the Object Subtree and a FtoC-pattern at

Phrase Level
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Since the Object subtree contains two children, the noun word “cross cut
picture” and a Modifier. The information of the noun word and information of the
modifier are transferred to the corresponding Noun and Modifier in the English C-
structure._The output of the final step is the English C-structure tree shown in figure

3.13 (e)

v !

A4

@ ONTOLOGY

m v
ONTOIOFY

MODIFIER ONTOLOGY
comouter

@ ONTOLOGY

Figure 3.13 (e) The Final English C-Structure Tree

Tense, voice and article of nouns in the English output sentence must be
in accordance with the meaning of the given Thai sentence. Some words to indicate

tense, voice or articles must be inserted into the output sentence. Other word
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transformations must be performed to indicate plurality of nouns, a compound word

and an English plural noun should end with -s or -es. For instance, a Thai phrase

“m3/FIXN viaun/VACT”, which contains two parts of Orchid tag set - Nominal prefix

and Active verb - must be replaced with only one English word “development”.

3.2.4 Fourth Phase: Generating an English Sentence

To generate an English sentence, the system traverses an English C-structure
tree from left to right and prints out all English words kept in the leaf nodes. The
output from this fourth phase will be the English phrases/sentences corresponding
with the given Thai sentence.



CHAPTER4

EVALUATION OF THE PROPOSED FRAMEWORK

To verify whether the proposed framework can be used effectively for
building a Thai-to-English machine translation system, a system prototype is built
according to the framework. Two stages of building the prototype are implemented

so the prototype is constructed incrementally according to the framework.

4.1 The First Stage: Building a Preliminary System

In this stage about 100 Thai phrases and simple sentences (no serial verb
construction) are selected from the Orchid Corpus, with Thai grammar rules being
created to support the phrases and sentences using the IC-analysis. A Thai LFG
lexicon based on the Thai phrases and simple sentences is also created. Following the
framework, each of the phrases/sentences is input into the prototype system one at a
time. The grammar rules and FtoC patterns were built incrementally. After the
completion of the first stage, the prototype can handle the translation of phrases and
simple sentences. Hence, the prototype can be used as the preliminary system for
extension so the system can handle the translation of more complex sentences.

All translations resulting from the preliminary system were recorded for subsequent
evaluation of the quality of the translations.

4.2 The Second Stage: Enhancing the Preliminary System

An additional 100 more complex sentences (no serial verb constructions) were
selected from the corpus and then processed in the same way as in the first stage. The
lexicon for those words contained in the 100 complex sentences were also added into
the current Thai LFG lexicon. Most of the additional 100 sentences could not be

parsed successfully because the current grammar rules in the system were applicable



70

to simple sentences and phrases only. Hence, grammar rules associated with each
sentence that could not be parsed successfully were analyzed using IC analysis and
subsequently added into the system. In addition, grammar rules and the FtoC patterns
associated with each of the additional phrases/sentences must be created or modified
in order to successfully translate the given Thai sentences/phrases. For the second
stage, FtoC patterns were added or modified while a few FtoC phrase level patterns
were only partially added or modified as they had been almost fully created in the first
stage. The iterative processes were performed until all additional 100 complex
sentences were successfully translated. ~ As more sentences were input into the
prototype system, its capability increases and some sentences can be translated

successfully without any changes or modifications to the system.

4.3 Evaluation of Quality of the Output Translation of the Prototype System

To evaluate the quality of the translation of the prototype, three senior master
students of the School of Language and Communication of National Institute of
Development Administration (NIDA), Thailand, who had taken courses in
translation, were presented with the 200 input phrase/sentences as well as the
corresponding results of the machine translations from the prototype. The students
were asked to assess and classify the quality of the translation into three levels. The
first level - with a score of 3 - is given to a translation that is acceptable, which
corresponds to that the output sentence could be understood and has the same
meaning as the source sentence. The second level - with a score of 2 - is given to a
translation that is moderately acceptable. This means that the output sentence might
have small errors but could still be understood and carried the same meaning as the
source sentence. The third level - with a score of 1- is given to a translation that is not
acceptable or has to be rejected outright. This means that the output sentence could
not be understood or carries the same meaning as the source sentence. The scores

given by the three students are summarized in Table 4.1
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Table 4.1 The Summary of Scores Given by the Three Students

Acceptable (3) Moderate(2) Rejected (1) (%)

(%) (%)
First student 29 57 21
Second student 315 48 20.5
Average percentages

28.7 475 23.8
Average Score 2.05

Table 4.1 shows that most of the translations (about 76.2 %) produced by the
prototype system are either acceptable or moderately acceptable. The remainder -
about 23.8 % - are rejected. The average score given by the three students was 2.05.

In addition to the 200 tested phrases/sentences from the orchid corpus 50
additional Thai phrases/sentences were created, using existing Thai grammar rules
and lexicons. They were also entered into the system. The prototype system was able
to successfully translate these additional phrases/sentences. The additional
phrases/sentences and their corresponding translation output are listed in appendix L.
The results from the evaluation demonstrate that the prototype built according to the
framework can be an effective tool for Thai-to-English machine translation, although
there are still improvements required in the future, for example improvements in the

Thai to English word selection, FtoC mapping as well as the transformation process.



CHAPTER 5

CONCLUSION AND FUTURE WORK

5.1 Conclusions

This research proposes a new framework to develop Thai to English machine
translation incrementally. The framework is an iterative process for which complex
grammar rules, lexicons and FtoC patterns can be added incrementally into the
system. Each iteration of the process consists of four stages: syntactic analysis,
building a Thai LFG tree, mapping the Thai F-structure of the Thai LFG-tree into an
English C-structure tree, and, finally, English sentence generation. Left-corner parsing
is the parsing technique used for syntactic analysis of the framework, as it combines
the advantages of top-down and bottom-up parsing methods. The output from the
parsing is a Thai F-structure tree for a given sentence. To transform a Thai F-structure
tree into an equivalent English C-structure tree, the process of tree node matching and
transformation is performed, starting from the root down to the leaves. FtoC patterns
corresponding between Thai F-structure tree and English C-structure tree are
predefined for matching and transformation. There are two pattern types, namely
sentence level and phrase level patterns. The set of FtoC patterns can be modified and
new FtoC patterns can be added to successfully translate unseen phrases/sentences. As
the set of FtoC patterns can be easily expanded and modified, the machine translation

system can be built incrementally.

5.2 Future Work

Although, the prototype system can achieve a certain level of success in terms

of the quality of the translations, future development work should be pursued so that
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the system can handle more complex sentences, tenses, voices and articles. Pattern
matching of FtoC patterns in the third phase of the framework is limited to 1-to-1
matching between F-structure and English C-structure nodes. In the future, pattern
matching should be extended to m-to-n matching. For instance, m-to-n matching will

be required for the translation of a Thai sentence shown in Figure 5.1

(1) Thai noun phrase

vivia@e/noun  3/numeral  taw/classifier

(2) English noun phrase

Three/determiner books/noun

Figure 5.1 A Thai Noun Phrase that Requires m-to-n Matching of FtoC patterns for

its Translation

In figure 5.1 a Thai noun phrase contains the word “w1is@®” as a head noun,

“3” as a numeral, and “rau” as a classifier, while its corresponding English noun

phrase contains only a noun “book” and its modifier “three”. As the English phrase
contains fewer nodes than its Thai counterpart, the transformation cannot be
performed through 1-to-1 mapping/transformation. Finally, the framework may need
an additional process to select the most appropriate English word out of a set of Thai
words with the same meaning. This process should yield better translation quality for
the system.

Some parts of the proposed framework require some human assistance, for
instance, the construction processes of LFG grammar rules, lexicons, FtoC patterns
and pattern transformation procedures. Research on building automatic tools to learn
Thai grammar rules from corpus and to learn FtoC patterns and their transformation
from a corpus of translation outputs could be pursued, potentially resulting in less

human involvement being required in the system development.
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APPENDIX A

Thai Part-of-Speech Tagset used in Orchid Corpus

No. POS Description Example
1 NPRP Proper noun Julad 95, Talsun, 1dn,
nszeoiad
2 NCNM  Cardinal number Wi, @09, 81, 1,2, 3
3 NONM  Ordinal number fiwite, faeq, Re, AL i
2,713
4 NLBL Label noun 1,2,3,4,0,%,a,b
5 NCMN Common noun niede, 81113, 0113, AU
6 NTTL Title noun A3., Walon
7 PPRS Personal pronoun A, 17, AU
8 PDMN Demonstrative pronoun ﬁ, ﬁu, ﬁﬁ’u, il
9 PNTR Interrogative pronoun a3, 0z'l5, 06ha'ls
10 PREL Relative pronoun i, &4, Su, i
11 VACT Active verb M, Seamaq, Nu
12 VSTA Stative verb ¥, g flo
13 VATT Attributive verb

4 =
97U, A, 88
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No. POS Description Example

14 XVBM  Pre-verb auxiliary, before 50 3911, a3
negator “‘lai”

15 XVAM Pre-verb auxiliary, after Ao, 1, 14
negator “‘lai”

16 XVMM Pre-verb, before or after A9, 190, 404
negator “‘ai”

17 XVBB Pre-verb auxiliary, in n3a1, 94, 130, 001, o
imperative mood q )

18 XVAE  Post-verb auxiliary Y4, 307, e

19 DDAN Definite determiner, after ﬁ, ﬁ”u, Thiu, ﬁywm
noun without classifier in
between

20 DDAC  Definite determiner, &, T, Ty
allowing classifier in )
between

21 DDBQ Definite determiner, ﬁ”qy S0, e
between noun and
classifier or preceding
quantitative expression

22 DDAQ Definite determiner, W, dau
following quantitative
expression

23 DIAC Indefinite determiner, Ty, ’Eﬁ"u, a9
following noun; allowing
classifier in between

24 DIBQ Indefinite determiner, 119, Uszana, 1hew

between noun and
classifier or preceding

quantitative expression
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http://www.links.nectec.or.th/orchid/corpus/Pos.html#20
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http://www.links.nectec.or.th/orchid/corpus/Pos.html#23
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No. POS Description Example
25 DIAQ Indefinite determiner, A, 161w
following gquantitative
expression
26 DCNM Determiner, cardinal niau. 1de 2 ¢
number expression
27 DONM Determiner, ordinal Auna. faoq Faare
number expression
28 ADVN Adverb with normal form 44 3, &, auaue
29 ADVI Adverb with iterative form ﬁ’m, e, 91
30 ADVP Adverb with prefixed form 75,5
31 ADVS Sentential adverb Taslng. 55508
32 CNIT Unit classifier TR
33 CLTV Collective classifier A e e 159 4. du
HUL, U
34 CMTR Measurement classifier aTansu. uda. 9119
35 CFQC Frequency classifier ﬂ‘%’;q G
36 CVBL Verbal classifier TR
37 JCRG Coordinating conjunction |5+ %39 1a
38 JCMP Comparative conjunction 44 juileusy. sy
39 JSBR Subordinating conjunction 451241, 1189910, 71, 1T
Y
o
40 RPRE Preposition

9
10, A, V94, 1A, YUY
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http://www.links.nectec.or.th/orchid/corpus/Pos.html#32
http://www.links.nectec.or.th/orchid/corpus/Pos.html#33
http://www.links.nectec.or.th/orchid/corpus/Pos.html#34
http://www.links.nectec.or.th/orchid/corpus/Pos.html#35
http://www.links.nectec.or.th/orchid/corpus/Pos.html#36
http://www.links.nectec.or.th/orchid/corpus/Pos.html#37
http://www.links.nectec.or.th/orchid/corpus/Pos.html#38
http://www.links.nectec.or.th/orchid/corpus/Pos.html#39
http://www.links.nectec.or.th/orchid/corpus/Pos.html#40
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No. POS Description Example

41 INT Interjection 18878, 100. 16 60

42 FIXN Nominal prefix MY, ANNAYNAUIY

43 FIXV Adverbial prefix oe9159

44 EAFF Ending for affirmative 8o o ae ay Uz U
sentencev

100%

45 EITT Ending for interrogative Yise. 30, 1 ﬁﬂ
sentence

46 NEG Negator 19, 518 1918, 5

47 PUNC Punctuation XN

NOUN

A word which is used to refer to people, animal, place, thing or abstraction.

The noun is subcategorized into 10 subcategories.
Proper noun (NPRP)

A noun which is the name of a particular person, place, or thing. It is easy to

get confused in distinguishing proper noun and common noun in Thai language

because there is no any distinguishable spelling such as using capital letter in English

language.

NPRP can be identified as,

etc.

a) Name of product 3ula& 95 (Windows 95), 11511 (Corona), 1@n (Coke)
b) Abbreviation name ad.100, tiaia (NECTEC)
c) Name of person, group of person, company, etc.

d) Geographical name, such as name of region, continent, country, province,


http://www.links.nectec.or.th/orchid/corpus/Pos.html#41
http://www.links.nectec.or.th/orchid/corpus/Pos.html#42
http://www.links.nectec.or.th/orchid/corpus/Pos.html#43
http://www.links.nectec.or.th/orchid/corpus/Pos.html#44
http://www.links.nectec.or.th/orchid/corpus/Pos.html#45
http://www.links.nectec.or.th/orchid/corpus/Pos.html#46
http://www.links.nectec.or.th/orchid/corpus/Pos.html#47
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e) Astronomical name wssaiae (the sun), nvdngtdan (Milky way)

f) Chemical name Tus6u (protein), aangLau (oxygen)

g) Scientific name

h) Name of artificial place

i) Name of language, race, religion, etc.

Cardinal number noun (NCNM)

A noun which is used to express number but is not the one used in a
quantitative expression. It can be written with a figure or with a word. For example,
nily (one), &av (two), & (three), 1, 2, 3.

Ordinal number noun (NONM)

A noun which is used to put thing in a numerical order. It can be a figure or a
word. For example, Ao (first), Aigae (second), sy (third), A1 (1st), 72 (2nd),
3 (3rd).

Label noun (NLBL)

A noun which is used to label an item. For example, 1, 2, 3, 4, n, 2, a, b.
Common noun (NCMN)

A noun which is used to express the name of a person, place or thing but in
particular. For example, wily&a (book), a1115 (food), a1@15 (building), Au
(person).

Title noun (NTTL)
A noun which is a descriptive or distinctive appellation. It is used to show a

person's rank, occupation, etc. For example, @5. (Dr.), watan (General).

PRONOUN

A word which may replace a noun or noun phrase. The pronoun is
subcategorized into 6 subcategories.
Personal pronoun (PPRS)

A pronoun which represents a person. It is used to refer to oneself, the people
one is talking to, or the people or things one is talking about. For example, agw (you),

v (he), su (1).
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Demonstrative pronoun (PDMN)

A pronoun which refers to something being either near to or distant from the
speaker. For example, 4 (this), 1y (that), Aisiu (there), 7t (here).
Interrogative pronoun (PNTR)

A pronoun which is used to form a question. It refers to the information that
someone is asking about. For example, Ta5 (who), agls (what), atine'ls (how).
Relative pronoun (PREL)

Relative pronoun (PREL):- A pronoun which introduces a relative clause. For

example, 1, 49, u(which, that), & (who).

VERB

A word which occurs as part of the predicate of a sentence, or which refers to
an action, state or attribute. The verb is subcategorized into 3 subcategories.
Active verb (VACT)

A verb which indicates an action of an entity. For example, ¥in91u (work),
5a9twav (sing), Au (eat).
Stative verb (VSTA)

A verb which refers to a state. The stative verb is not used in progressive
aspect. For example, 11iu (see), 5 (know), @a (be).
Attributive verb (VATT)

A verb which refers to an attribute. For example, 83u (fat), & (good), &2
(beautiful).

AUXILIARY

A word which is used with a verb of a sentence indicating a grammatical
function such as aspect, voice, mood or tense. An auxiliary has a rather fixed position
relating to the verb of the sentence. The auxiliary is subcategorized into 5

subcategories.
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Pre-verb auxiliary, before negator (XVVBM)
An auxiliary which is used preceding a verb and in the position preceding the
negator "l3" (not) in a negative sentence. For example, HutAalian, Anstinutiay

L@5AwaD, Auldnidunady.

Pre-verb auxiliary, after negator (XVAM)

An auxiliary which is used preceding a verb and in the position following the
negator "ai" (not) in a negative sentence. For example, wun'lidaauniif, iudiiiat)
, i ldiudlfiainnud.

Pre-verb auxiliary, before or after negator (XVMM)

An auxiliary which is used preceding a verb and in the position either
preceding or following the negator 14" (not) in a negative sentence. For example,
wga (131) AIsldwui or 1A (W) weraaudl, 1dn (13) wreanlalds or Lén
el (1) a1 1ald, 19 () davuantannau or 1516 (L) uanlunau.
Pre-verb auxiliary in imperative mood (XVBB)

An auxiliary which is used preceding a verb, usually in the initial position of
an imperative sentence. It is used to show the grammatical function of imperative
mood. For example, ngeun, 9, vZiey (please), atin, ¥inu (don’t).

Post-verb auxiliary (XVAE)
An auxiliary which is used following a verb. For example, ufiwanldviaie

u or ténAuliiduly, Suiuanduan or LtnWARTI A eSTuL&, anfiadiyu.

DETERMINER

A word which is used with a noun restricting the meaning of the noun in some
way. The determiner is subcategorized into 9 subcategories.
Definite determiner: after a noun without a classifier in between (DDAN)

A definite determiner which is used immediately after a noun and no classifier
allowed in between. For example, 41 (this), 1y, Tuu (that), venua (all).
Definite determiner: allowing a classifier in between (DDAC)

A definite determiner which follows a noun or a classifier. For example, i

(this), 17u (that), T4iu, 1iu (over there).
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Definite determiner: between a noun and a classifier, or preceding a quantitative
expression (DDBQ)

A definite determiner which is used between a noun and a classifier or,
preceding a quantitative expression. For example, "9 (all), @n (the other), LiNev
(only).

Definite determiner: following a quantitative expression (DDAQ)

A definite determiner which is used after a quantitative expression. For
example, wa@ (quite right), 67u (exactly).

Indefinite determiner: following a noun and allowing a classifier in between
(DIAC)

An indefinite determiner which is used after a noun with or without a classifier
in between. For example, 11y (which), 8u (other), 199 (several).

Indefinite determiner: between a noun and a classifier, or preceding a
guantitative expression (DIBQ)

An indefinite determiner which is used between a noun and a classifier or,
preceding a quantitative expression. For example, 119 (some), issuew (about),
viau (almost).

Indefinite determiner: following a quantitative expression (DIAQ)
An indefinite determiner which is used following a quantitative expression.

For example, n31 (over), L@ (more).

Determiner: cardinal number expression (DCNM)

A determiner which is a cardinal number used in quantitative expression. It
can be a figure or a word. For example, %#f9/DCNM @u/CNIT, 1&a/NCMN
2/DCNM 67/CNIT.

Determiner: ordinal number expression (DONM)
A determiner which is an ordinal number used to express the order. For

example, Miudle (first), figav (second), Agavine (last).
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ADVERB

A word which describes or modifies to the meaning of a verb, another adverb
or a sentence. The adverb is subcategorized into 4 subcategories.
Adverb with a normal form (ADVN)

An adverb which is used in the base form and is not in the form of repetition
or is not derived from a verb by adding an adverbial prefix "1aa" or "atin9". For
example, vAv (smartly), 153 (quickly), 91 (slowly), &sinaua (always).

Adverb with an iterative form (ADVI)

An adverb which is used in an iterative form by combining with "9". For
example, 1539 (quickly), .&ua9q (always), 419 (slowly).
Adverb with an prefixed form (ADVP)

An adverb which is derived from a verb by adding a prefix such as "1aa" or
"ating". For example, 1aat52 (quickly).

Sentential adverb (ADVS)

An adverb which shows the speaker's attitude to or evaluation of what is said
in the rest of the sentence. It is usually placed at the beginning of the sentence, but
some are also used in other position. For example, Taainé (generally), 55501

(normally).

CLASSIFIER

A word which is used with a noun showing the sub-class to which a noun
belongs. It is originally used to express the unit of a noun in counting. The classifier is
subcategorized into 5 subcategories.

Unit classifier (CNIT)

A classifier which represents an individual thing, animal or person. For
example, 67 (a classifier for animals or furniture), au (a classifier for human beings),
vau (a classifier for books).

Collective classifier (CLTV)

A classifier which is used to represent a set, group, class or type of thing,

animal or person. For example, @ (pair), nau (group), v (flock), t&9, M9, 6wy,

wu, 9u (type).
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Measurement classifier (CMTR)

A classifier which is used to represent the measuring unit of a noun. For
example, ATanu (kilogram), wAa (glass), 2T (hour).
Frequency classifier (CFQC)

A classifier which is used to represent the frequency of a noun. For example,
A%9, Le (time).
Verbal classifier (CVBL)

A classifier which derives from a verb to represent the unit of a noun. For
example, 37u (a classifier for a thing resulted from rolling), sa (a classifier for a

thing resulted from tying).

CONJUNCTION
A word which joins words, phrases, or clauses together. The conjunction is
subcategorized into 3 subcategories.
Coordinating conjunction (JCRG)
A conjunction which joins linguistic units which are equivalent or of the same
rank. For example, uag (and), #3a (or), we (but).
Comparative conjunction (JCMP)
A conjunction which joins a standard to which someone or something is

referred and an independent clause. For example, n31 (than), wllaudy, wvindu

(equally).

Subordinate conjunction (JSBR)

A conjunction which joins an independent clause and a dependent clause (a
clause which must be used with other clause to form a complete grammatical
structure). It is usually used to indicate time, condition, purpose, reason, result,
concession, or place of an event. For example, tWs1E73, ilasan (because), 7 (that),

w31 (even if), & (if).
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PREPOSITION

A word which is used preceding a noun or a pronoun to link it grammatically
to other word or phrase.
Preposition (RPRE)

A word which is used preceding a noun, a pronoun, or other substantive to
form a phrase functioning as a modifier of a verb, or a noun and that typically
expresses a spatial, temporal and so on. For example, aan (from), /¢ (each), uav

(of), 16 (under), uu (on).

INTERJECTION
Interjection (INT)

A word which indicates an emotional state or attitude such as delight, surprise,

shock, and disgust, but has no referential meaning. For example, 1a&,148, taa, d, aa.

PREFIX

A word which is added to the beginning of a word changing the meaning or
function of the word. The prefix is subcategorized into 2 subcategories.
Nominal prefix (FIXN)

A word which is added to the beginning of a verb (or a verb phrase) changing
the function of the verb (or the verb phrase) to be a noun (or a noun phrase). There are
2 words in this category, "n15" and "a314". For example, n15/FIXN vi191u/VACT

(working), m3u/FIXN &un&ulu/VSTA (amusement).

Adverbial prefix (FIXV)
A word which is added to the beginning of a verb (or a verb phrase) changing
the function of the verb (or the verb phrase) to be an adverb (or an adverb phrase).

There is 1 word in this category, "ating". For example, atnd/FIXV 153/VATT

(quickly).
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SENTENCE PARTICLE
Ending for affirmative sentence (EAFF)

A word which is added to the end of a sentence to indicate the mood of an
utterance, such as affirmation, interrogation, imperative, persuasion, threatening and
so on. It also gives the information about seniority, familiarity, and social status which
is the relation between the speaker and the listener. For example, 3¢, 3%, Ag, AU, U,
1", Laag.

Ending for interrogative sentence particle (EITT)

A word which is added to the end of a sentence to indicate the mood of

interrogative, and yes-no question. It can be used either with or without an

interrogative pronoun. For example, 138, t15a, 1w, de (yes or no).

NEGATOR
Negator (NEG)
A word which is used to negate a sentence. For example, ‘lai, 1'a, 1'la, &

(not).

PUNCTUATION
Punctuation (PUNC)

A mark or a sign (such as an opening/closing bracket, opening/closing quote,
comma, colon, semicolon, dash, exclamation mark, period, and question marker). For

example, (,), ", ., ;-



APPENDIX B

EXAMPLES OF TESTING PHRASES/SENTENCES

Y H
v A

%TTitle: N131/324NNIIHNIMNT ATIN 1
%ETitle: [1st Annual Conference]
%TAuthor:

%EAuthor:

a :JI 1 Aav o Aad a
%TInbook: MI1/TzAUMIINMNT A59H 1, TnsamsTtouazianndiannsednduay
a Jd A 1
AoNNIReS, Yautlszaunm 2531, 1au 1

%EInbook: The 1st Annual Conference, Electronics and Computer Research and Development
Project, Fiscal Year 1988, Book 1

. 4 ac a J a J a a 4
%TPublisher: gudma 1uTagdiannsoUndazAoNNANDIUWITIA, NTLTNININNAAAT
= U
ma luTaguagmMInaaanu

%EPublisher: National Electronics and Computer Technology Center, Ministry of Science,
Technology and Energy

%Page:

%Year: 1989

%File:

#P1

#1
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9

m3dszaumainms asad 1/
M3/FIXN

U5/ VACT

MY/NCMN

1M 3/NCMN

<space>/PUNC

ﬂ%Q/CFQC

i 1/DONM

/!

#2
TasamsIveuazianndiannselindiazaouiunes/
TasamsItetaz Wl /NCMN
B1ANNIOHAT/NCMN
11a2/JCRG
ABNNIADS/NCMN

//

#3

Yavdseum 25317/
Yaudszuna/NCMN

<space>/PUNC
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2531/NCNM

//

44
a1/

{@3/CNIT

<space>/PUNC

1/DONM

/!

#P2

#1

audna Tulagoidnnsefinduaynouinnesumamna/
audina TuTagoiannsefinduaznouinaesiraa/NPRP
//

#2

AsENIIINemaas maluladuasmsndaanny
AsENIIIMemaas maluladuasnIndaar/NPRP

/!

#P3

#1
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[

$udi 15-16 Gavaw 2532/
JU/NCMN

‘ﬁ 15/DONM
<minus>/PUNC
16/DONM
<space>/PUNC
FIMNAN/NCMN
<space>/PUNC
2532/NCNM

/!

#2

Foulsza 1 4/
#0915 9/NCMN
<space>/PUNC
6]q;le/CNIT
<space>/PUNC
4/NCNM

1/

[} 1 a 4 (Y]
%TTitle: 813 AN TUUATNINTNTZNTIINNNAAT 1A Tu Tadiaz MINGIU
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%ETitle: [Message of H.E. the Minister of Ministry of Science, Technology and Energy]
o
%T Author: W181l52071 lseardu
%EAuthor: [Mr. Prajuab Chaiyasarn]
k4 1
%TInbook: M3U5zAUNIININT A5IR 1, TnsamsIouayiannddnnsetinduas
a Jd A v
AoNNIReS, Yautlszauna 2531, au 1
%EInbook: The 1st Annual Conference, Electronics and Computer Research and Development
Project, Fiscal Year 1988, Book 1
. 4 Aaa a J a J a a 4
%TPublisher: quamﬂiuiaﬂmaﬂmauﬂmmzﬂauw’Jmamwwm, NIENTININYIFNTNT
ma TuTaguasnIInaaau
%EPublisher: National Electronics and Computer Technology Center, Ministry of Science,

Technology and Energy

%Page:
%Year: 1989
%File:

#P1

#1

a3/
13/NCMN

1
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#P2

#1

anaa S3UUATNMINTENTNINGMAnT maluladuagmIndsnuy/
ANUA/NTTL

<space>/PUNC

TUUATIINI/NCMN

nsgnsIIneenans maluladuazmsnaanu/NPRP

//

#P3

#1

UszmeIng1&Timsdsunfasy Tnseadralumsianssugfaves)szma
mﬂ‘ﬂﬁ$L‘lflﬁ!,ﬂ‘]smﬁﬂiﬁmhlﬂij:ﬂﬂmﬂuﬂizm?@@ﬁ?ﬁﬂiiuuiﬂéﬂs’ﬁ’u//
Uszinet Ing/NPRP

la/xvam

U/VSTA

A3/FIXN

Ysunldewvact

TA39a519/NCMN

T1u/RPRE

N13/FIXN
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WAlU/VACT

AT HYNI/NCMN

YD I/RPRE

UsZMA/NCMN

<space>/PUNC

911/RPRE

UsLINA/NCMN

INHATNTIN/NCMN

lag/RPRE

AW/FIXN

{u/vsTA

Us2IMARAaINNTIN/NCMN

WIN/ADVN

BIWADYN

//

#2
lumsauiumaiielfussgTaguszasddanain v
az&'mmﬁﬂﬂ%%’ﬂﬁfugmwmaﬂﬁzmﬂuﬂmﬂuﬁadmamﬂugm iy myianmaTuladi

1A NN

ﬂ1ﬁwaﬁmﬂﬂﬂ1ﬂQﬁﬁ1ﬂﬂiiM//



1u/RPRE
M3/FIXN
AUUUNIT/VACT
o 1¥/ISBR
1559/VSTA
AQUszaas/NCMN
A9Na1/DDAC
<space>/PUNC
32/XVBM
ADYXVMM

9178/ VSTA
ﬂ%%’ﬂﬁyugm/NCMN
1a1e/DIBQ
132M3/CNIT
1u/RPRE

N15/FIXN
Tu/vsTA
@2159Y/NCMN

Hag/JCRG

Fu/vsTA

103
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FI1U/NCMN
<space>/PUNC
1%1/RPRE
<space>/PUNC
M3/FIXN

WAL/ VACT

ma luTag/NCMN
fH/PREL

1%/ vVACT
1u/RPRE
N13/FIXN
WaR/VACT
VU99/RPRE
MAYAANNTTU/NCMN
//

#3

o w

a 4 ~ o =2 9Yq Y o W I
AIZNITININYIATNT mﬂiuiaauazmﬁwawm i]\‘lllﬂelﬁﬂfﬂuﬁ”l mutﬂumﬂuqﬂumi
W\

ad a d a 4
Q@’(ff'l’ﬂﬂiill'f)!;ﬁﬂ‘l/]i@ﬂﬂ’(fflmgﬁﬂﬂll‘w'Jm'f]ﬁ//

a 4 [
AFLNTIIMNAAS A 11 1adlagNINGIU/NPRP
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<space>/PUNC
=
JUXVBM
1@/xvAM
TRaNud A/ VACT
I
1Wu/VSTA
AAU/NCMN
qUVATT
1u/RPRE
M3/FIXN
WAIU/VACT
9AAMNTTU/NCMN
ad a J
21NN UNT/NCMN
11a2/JCRG
ABNNIADS/NCMN
/!
#4
1 2 v
Fagadvnssuilazliunumidngunlunagaamnssu/
=
%9/JSBR
9AANNTTU/NCMN

1I/DDAC
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92/XVBM

U/VSTA
UNUIM/NCMN

H/PREL

MAY/VATT
WIN/ADVN

11/RPRE
ﬂ?ﬂQﬁﬁﬂ’iﬂiﬂJ/NCMN
/!

#5

[

Taofluiladoiugiu viedmilszneuiddyvesmsnannansauaigaaMsTUINLNA
Y/
Taa/JSBR
<3|
U/ VSTA

o &
JadeiugIU/NCMN
<space>/PUNC

A
130/JCRG
a52noU/NCMN
I/PREL

[

fAY/VATT



Y0I/RPRE

n13/FIXN

HaR/VACT

HANA N QATINNTTU/NCMN
UMU/DIBQ

WA/DIBQ

a1vU1/CNIT

1
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APPENDIX C

EXAMPLE OF F-STRUCTURE AND C-STRUCTURE

#1001 szuu MU wann e s LISP.
SYNTACTIC REPRESENTATION:

+-

subj +-

|

|

I I'modi +-
| lwordtype=NOUN
I 1 | head=szuu
1+
! !'wordtype=NOUN

! I head=MU

-

I obl_instr +-

| jobjL+-

| | 1 wordtype=NOUN
| I | head=awn
-

| | 0bj2 +-

| | 1 wordtype=NOUN

I ! 'head=LISP
-

! ! wordtype=PREPOSITION
| | head=de

-

! wordtype=VERB

I head=viann
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+-
SEMANTIC REPRESENTATION:
+-
| head=siann
| pred=develop
! type=VACT
| ontology=verb
| subject +-
| case=objective
! head=MU
! pred=MU
| type=NPRP
I ontology=tool

! modifier +-

| | head=szuu
I | pred=system
I | type=NCMN
l | ontology=equipment
T
+-
func_instrument +-
I head=du
! pred=with
! type=PP
| ontology=prep
! objectl +-

| case=result

|
|
| I head=nmn

| | pred=language
l ' type=NCMN
|
|

| ontology=Ilanguage
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4o
object2 +-
| case=result
! head=LISP
| pred=LISP
| type=NPRP

| ontology=software

+-

#1007 Tua 2z unu CP uaz Case.

SYNTACTIC REPRESENTATION:
4o
| subj +-
I | wordtype=NOUN
' 1 head=Tua
4o
adjunct +-
| wordtype=AUXILIARY

I head=v¢
+-
obj +-
| coorl +-
| | wordtype=NOUN
! head=CP
+-
coor2 +-
! wordtype=NOUN
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! | !head=Case

B

! 1 wordtype=CONJUNCTION
I I'head=uag

-

| wordtype=VERB

|

.

head=unu

SEMANTIC REPRESENTATION:
+-
| head=unu
| pred=replace
I type=VSTA
! ontology=verb
| subject +-

| case=experiencer

! head=Tua
! pred=node
| type=NCMN
| ontology=object
+-
adjunction +-
| head=s
! pred=will
! type=XVBM

| ontology=auxi

object +-

|

|

|

|

I
J
l

| | case=complement
|

|

: head=uaz

| | pred=and
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| type=JCRG
| ontology=coor_join
! coordinationl +-
! head=CP
| pred=CP
| type=NCMN
I ontology=symbol

+-

I head=Case

! pred=Case

! type=NCMN

| ontology=symbol

|

|

|

|

|

|

|

|

I

| coordination2 +-
|

|

|

|

|

|

l

| +

+-

#1009 3 swiwasr TCAT ¥y CP unaz én.

SYNTACTIC REPRESENTATION:

+-

I subj +-

|| wordtype=NOUN
| | head=3
L+

| obj +-

I wordtype=NOUN
I 1 head=TCAT
|+

| obl_benefic +-

| | obj +-

|

|

1 modil +-
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|
|
I wordtype=DETERMINER
|
|

I head=ugqaz
I T
| ! 1 !wordtype=CLASSIFIER
| 1 !head=é
I Lo+
l ! ! wordtype=NOUN
l ! ' head=CP
I P+
| ! wordtype=PREPOSITION
! I head=1+#
I +-
| wordtype=VERB
! head=rmnuam
+-
SEMANTIC REPRESENTATION:
+-

I head=rmuasn

| pred=determine

| type=VACT

| ontology=verb

I subject +-
| case=agentive
| head=3
! pred=3
I type=NLBL
| ontology=ordinal
+-

object +-

| case=result



114

| head=TCAT
| pred=TCAT
| type=NCMN
| ontology=object

+-

func_beneficiary +-

| head=1v"u

| pred=for

| type=PP

| ontology=prep
I object +-

I ! head=CP

I | pred=CP

! I'type=NCMN

I I ontology=symbol
l ' modifierl +-
L ' head=s

| | pred=unit

: | type=CNIT

| | num=sg

: I ontology=equipment
|

i

|

i

| modifier +-

| I head=ugsaz

I | pred=each

| ! type=DIBQ

| I ontology=compare
I +-

+-
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#10010 6 swuam guuwy n3en Idiu predicate CP.

SYNTACTIC REPRESENTATION:
+-

I subj +-

| | wordtype=NOUN
| | head=6

L+

| obj1 +-

|| wordtype=NOUN
|| head=gdu

+-

obj2 +-

| wordtype=NOUN

| head=n3en

+-
obl_benefic +-
| obj +-
I 1 wordtype=NOUN
! head=predicate_CP
+-
wordtype=PREPOSITION

head=1#su

L+
| wordtype=VERB
|
|

head=fmuam

SEMANTIC REPRESENTATION:
+-

| head=rmuadn



| pred=determine
| type=VACT

| ontology=verb

I subject +-

| case=agentive

objectl +-

| head=6

! pred=6

I type=NLBL

| ontology=ordinal
4o

| case=result

| head=g1uuy

| pred=pattern
! type=NCMN
I ontology=sight

+-

object2 +-

I case=result

I head=n3n

! pred=verb

! type=NCMN

I ontology=word

+-

func_beneficiary +-

| head=1+my

| pred=for

! type=PP

| ontology=prep
I object +-

116

I | head=predicate_CP
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| pred=predicate_CP
| type=NCMN
I ontology=word

+-



APPENDIX D

EXAMPLES OF NESTED LIST OF THAI SENTENCES

#1001 szuu MU wann de sun LISP.

[[subj=[modi=[wordtype=NOUN, head=szuu, sem=[head=szvu, pred=system,

type=NCMN, ontology=equipment]], wordtype=NOUN, head=MU, sem=[head=MU,
pred=MU, type=NPRP, ontology=tool, modifier=[head=szuu, pred=system,

type=NCMN, ontology=equipment], case=objective]], obl_instr=[sem=[head=41v,
pred=with, type=PP, ontology=prep, objectl=[case=result, head=awn, pred=language,

type=NCMN, ontology=language], object2=[case=result, head=LISP, pred=LISP,

type=NPRP, ontology=software]], objl=[sem=[case=result, head=n,
pred=language, type=NCMN, ontology=language], wordtype=NOUN, head=awn],

obj2=[sem=[case=result, head=LISP, pred=LISP, type=NPRP, ontology=software],
wordtype=NOUN, head=LISP], wordtype=PREPOSITION, head=&»e1,

wordtype=VERB, head=siau1, sem=[head=+waw1, pred=develop, type=VACT,

ontology=verb, subject=[case=0bjective, head=MU, pred=MU, type=NPRP,
ontology=tool, modifier=[head=szuu, pred=system, type=NCMN,

ontology=equipment]], func_instrument=[head=#-s, pred=with, type=PP,
ontology=prep, objectl=[case=result, head=nw1, pred=language, type=NCMN,

ontology=language], object2=[case=result, head=LISP, pred=LISP, type=NPRP,
ontology=software]]]]]
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#1007 Tua 2z unu CP uaz Case.

[[subj=[wordtype=NOUN, head=1ua, sem=[head=Tua, pred=node, type=NCMN,
ontology=object, case=experiencer]], adjunct=[wordtype=AUXILIARY, head=q:,
sem=[head=v¢, pred=will, type=XVBM, ontology=auxi]],
obj=[sem=[case=complement, head=uaz, pred=and, type=JCRG, ontology=coor_join,

coordination1l=[head=CP, pred=CP, type=NCMN, ontology=symbol],
coordination2=[head=Case, pred=Case, type=NCMN, ontology=symbol]],
coorl=[wordtype=NOUN, head=CP, sem=[head=CP, pred=CP, type=NCMN,
ontology=symbol]], coor2=[sem=[head=Case, pred=Case, type=NCMN,
ontology=symbol], wordtype=NOUN, head=Case], wordtype=CONJUNCTION,
head=uaz], wordtype=VERB, head=unu, sem=[head=unu, pred=replace, type=VSTA,

ontology=verb, subject=[case=experiencer, head=1ua, pred=node, type=NCMN,
ontology=object], adjunction=[head=+¢, pred=will, type=XVBM, ontology=auxi],
object=[case=complement, head=uaz, pred=and, type=JCRG, ontology=coor_join,

coordination1=[head=CP, pred=CP, type=NCMN, ontology=symbol],
coordination2=[head=Case, pred=Case, type=NCMN, ontology=symbol]]]]]

#1009 3 swivaa TCAT ¥y CP unaz én.

[[subj=[wordtype=NOUN,  head=3, sem=[head=3, pred=3, type=NLBL,
ontology=ordinal, case=agentive]], obj=[sem=[case=result, head=TCAT,
pred=TCAT, type=NCMN, ontology=object], wordtype=NOUN, head=TCAT],
obl_benefic=[sem=[head=1+/, pred=for, type=PP, ontology=prep, object=[head=CP,
pred=CP, type=NCMN, ontology=symbol, modifierl=[head=¢#, pred=unit,
type=CNIT, num=sg, ontology=equipment, modifier=[head=usaz, pred=each,

type=DIBQ, ontology=compare]]]], obj=[sem=[head=CP, pred=CP, type=NCMN,
ontology=symbol, = modifierl=[head=#>,  pred=unit, type=CNIT, num=sg,

ontology=equipment, modifier=[head=udaz, pred=each, type=DIBQ,

ontology=compare]]], modil=[sem=[head=#», pred=unit, type=CNIT, num=sg,
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ontology=equipment, modifier=[head=udaz, pred=each, type=DIBQ,
ontology=compare]], modi=[wordtype=DETERMINER, head=udaz, sem=[head=udaz,
pred=each, type=DIBQ, ontology=compare]], wordtype=CLASSIFIER, head=¢],
wordtype=NOUN, head=CP], wordtype=PREPOSITION, head=1+rv1,
wordtype=VERB, head=fwua, sem=[head=rwuas1, pred=determine, type=VACT,

ontology=verb, subject=[case=agentive, head=3, pred=3, type=NLBL,
ontology=ordinal], object=[case=result, head=TCAT, pred=TCAT, type=NCMN,
ontology=object], func_beneficiary=[head=1#su, pred=for, type=PP, ontology=prep,

object=[head=CP, pred=CP, type=NCMN, ontology=symbol, modifierl=[head=d,
pred=unit, type=CNIT, num=sg, ontology=equipment, modifier=[head=udas,

pred=each, type=DIBQ, ontology=compare]]]1]]]

#10010 6 wmuasn 3Uuuy n3en Iviivu predicate CP.

[[subj=[wordtype=NOUN,  head=6, sem=[head=6, pred=6, type=NLBL,

ontology=ordinal, case=agentive]], objl=[sem=[case=result, head=31luvu,
pred=pattern, type=NCMN, ontology=sight], wordtype=NOUN, head=3duuu],
obj2=[sem=[case=result, head=n5», pred=verb, type=NCMN, ontology=word],
wordtype=NOUN, head=n3e11, obl_benefic=[sem=[head=1#ru, pred=for, type=PP,

ontology=prep, object=[head=predicate_ CP, pred=predicate CP, type=NCMN,
ontology=word]], obj=[sem=[head=predicate_CP, pred=predicate_CP, type=NCMN,
ontology=word], wordtype=NOUN, head=predicate_CP], wordtype=PREPOSITION,

head=1#ru], wordtype=VERB, head=smuad1, sem=[head=rwmuan1, pred=determine,

type=VACT, ontology=verb, subject=[case=agentive, head=6, pred=6, type=NLBL,
ontology=ordinal], objectl=[case=result, head=3uuuu, pred=pattern, type=NCMN,

ontology=sight], object2=[case=result, head=n3sn, pred=verb, type=NCMN,
ontology=word], func_beneficiary=[head=1%%u, pred=for, type=PP, ontology=prep,

object=[head=predicate_CP, pred=predicate_CP, type=NCMN, ontology=word]]]]]
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kbyte

APPENDIX E

EXAMPLES OF THAI LEXICON

ADVERB

U/wordtype = ADVERB

U/ head = nu

U/sem/head = i

U/sem/ pred = together

U/ sem/type = ADVN

U/ sem/ontology = join_separate.
ADVERB

U/wordtype = ADVERB

U/head = #aviun
U/sem/head = avua

U/sem/pred = all
U/sem/type = ADVN
U/sem/ontology = quantity.

CLASSIFIER
U/wordtype = CLASSIFIER
U/head = kbyte
U/sem/head = kbyte
U/sem/pred = kbyte
U/sem/type = CMTR

U/sem/ontology = measure
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¥ - CLASSIFIER
U/wordtype = CLASSIFIER
U/head = yn
U/sem/head = 4

U/sem/pred = set
U/sem/type = CLTV
U/sem/num = pl
U/sem/ontology = set.

CONJUNCTION

e

U/wordtype = CONJUNCTION

U/ head = us
Ulsem/head = U

U/ sem/pred = but
U/ sem/type = JCRG

U/ sem/ontology coor_join.

ugay = DETERMINER

U/wordtype = DETERMINER
U/head = usiaz

U/sem/head = usiaz

U/sem/pred = each
U/sem/type = DIBQ
U/sem/ontology = compare.

Facility = NOUN
U/wordtype = NOUN
U/head = Facility
U/sem/head = Facility
U/sem/pred = Facility
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U/sem/type = NCMN
U/sem/ontology = asset.

NFIUMT = NOUN

U/wordtype = NOUN

U/ head = N3IUNS

Ulsem/head = N3IUM3

U/ sem/pred = committee

U/ sem/type = NCMN

U/ sem/ontology = team_work.
msn = NOUN

U/wordtype = NOUN
U/head = msn

U/sem/head = msn

U/sem/pred = Case
U/sem/type = NCMN
U/sem/ontology = symbol.

mIdy = NOUN

U/wordtype = NOUN
U/ head = MU

U/sem/head

5ISU

U/ sem/pred = finance
U/ sem/type = NCMN

U/ sem/ontology = account.
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MsavdsEaAuaY = NOUN

U/wordtype = NOUN
U/ head

MY TTUUUAUAY

U/sem/head

MIIuUTTIIMUA LAY

U/ sem/pred = budget
NCMN

U/ sem/ontology = account.

U/ sem/type

U/wordtype = NOUN
U/head = doya
U/sem/head = doya

U/sem/pred = data
U/sem/type = NCMN

U/sem/ontology = information.

Ao INDS = NOUN
U/wordtype = NOUN

U/ head = CCINTRILH
Ulsem/head = GRTUTRIGH
U/ sem/pred = computer
U/ sem/type = NCMN

U/ sem/ontology computer.

n3eNw = NOUN
U/wordtype = NOUN

U/head = nSedne
U/sem/head = w3oie

U/sem/pred = network
U/sem/type = NCMN



ANTN =

N

NOUN

NOUN
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U/sem/ontology = network.

U/wordtype = NOUN

U/ head = ann

U/ sem/head = a1

U/ sem/pred = table
U/ sem/type = NCMN

information

U/ sem/ontology

U/wordtype = NOUN
U/head = an

U/sem/head = nwn

U/sem/pred = language
U/sem/type = NCMN

U/sem/ontology = language.



APPENDIX F

THAI INPUT SENTENCES AND THEIR TRANSLATION
OUTPUT

Input sentences English Translation Sentences Mean
ﬁué’mrﬂiuTa’?@ﬁfmiaﬁn?ﬂmxﬂauﬁama{uﬁwﬁ National Electronics and Computer Technology Center 3
AME IMNTINAAAT. the faculty of engineering 3
g‘]J ‘7;1. the first figure 3
FsuuaINmInTznInnmansmaluladuazmswdaaiy. | the minister of Science Technology and Energy 3
GIVIRN the first volume 3
Gluﬂiﬁ‘ﬁ PONLUL AANAIA. in case of wrong design 2.33
!ﬁﬂ uaas danisde. so that show a character 1.33
Ml 14an desa. so less spend 1
Wevdszana 2531. 2531 BE budget year 1.67
Aae nITUMILTMT quimaluladddnnsetinduas the administrative committee of National Electronics and Computer 233
ABNNAADT HIMNA. Technology Center
Tasams nSevieneuiinmes. a computer network project 3
nandu nandoes. ten digit hundred digit 133
13. aaﬂim&ﬁﬂmaﬁnﬁ. 13 .optoelectronic 2.33
1Yy anl DAY Boonrat Attachoo 3
N gﬂ ‘7;1 as the first figure 2.67
q ?Juww ag13'ls. how does an input have ? 1.67
HAAIEBN N WBTINDT. display on a monitor 3
uday ¥eq Uszney e, each channel composes of 3
wag 3 !Eﬂﬁi’!‘}’l 0d19s. and how does an output have ? 1.67
G]d‘ﬁ 185y oy e that receive according to a goal 2
Wl au adn Tl so a work is delayed 233
M1319 17%2 sulsena. the second table budget 2
WA M3 ANHUON V04, operation result of 2
TasamsIteuaziau ﬁgénmaﬁnﬁ ey ABNNIADS. electronic and computer Research Project and Development 1.67
AmMg ASTUMIT Wleue U dimalulavadnnseiinduas the policy committee group of National Electronics and Computer 2
ABNR AR UHINA Technology Center
RFMT AUSNTIUMSHAIMIATHFNIAL TINUUHIA the secretary general of Office of the National Economics and Social 1.67

NITUNS.

Development Board committee
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Input sentences English Translation Sentences Mean

Ay IMNTTUMAns ’dmﬁuwmTuiaﬁwnﬂamnaﬂ'wuﬁ. the faculty of engineering King Mongkuts University of Technology 2.67
Thonburi

Uda nsznsrinomansimaluladuazminganu seq the deputy of Science Technology and Energy vice president 1
Usgsunisums.
%ﬁ?u’mﬂ‘li dnindtouazusmsneuiiumes aanfu the director of Computer Research and Service Center King Mongkuts 2.67
maluladgnszvemnaananszifa. Institute of Technology
ﬂﬂuﬁ’llﬂﬁl{ 018 NINAAUIN 519D, a computer takes a body cross cut picture 2.33
T 1 wdnmioe. do not use a digit 3
7. mfi“mmnﬂu BB NIUAAEL. 7. A.C. motor controller machine 2.33
awa FTUUATIIMT AsEnTIinmansmaluladuay H.E. minister of Science Technology and Energy 2.67
MINAINY .
9. umﬁmﬁ 5&5]&]3. Dr Boonwat Attachoo 2.67
ﬁi_ﬂ si’fmg,a Lﬁ'ﬂiﬁﬂ g{ufﬁmiuiaﬁﬁgﬁﬂmaﬁnﬁ'uaz summarize the data about National Electronics and Computer 2.67
ABNTAADT HANA. Technology Center
vz i aldee eeaa. will lose less an expense 1
Fu 6 dninauildansensrainnmansmaluladuas the sixth floor of Office of the Permanent Secretary of MOST 1.67
MINAINU.
15 damian 2532, August 152532 B.E . 1.67
Lﬁﬂ wnsan Tasems uaz sulssanm so that consider project and budget 1.33
Lﬁﬂ weLnws e ensu @olll. so that announce to a private sector later 1.33
f9 uaag lu g‘ﬂ 17] 4.1. as display in the fourth point one figure 2
aa uaae Tu 11] ﬁ 5.1. as display in the fifth point one figure 2
udy 9 ae W é’ﬂisnaumi . then send to an entrepreneur 2.67
S0 dandn Aada R Tsawernadew. that machine is installed at Siam hospital 3
1M Uszanar 208 1w, about price twenty million baht 1.33
man il fmau 1JAaInsg. the first table personnel number 2.33
gﬂuuu M3 NN ved m?m . working layout of an instrument 2
sgmuam wuasan amnaudinemansuavma luladuma the counselor of council chief of council of The Council of Scientific 233
szmalng n3sums. and Technological Associations of Thailand committee
ﬁ’ﬂﬂﬂimﬂl “]?u 4. the fourth floor meeting room 2.67
5. Qﬂﬂiilfﬂi’mi’ uag Qﬂﬂiiﬁﬂ]&l‘lﬂ Toyauos. 5. sensor and signal amplifier device 2.33
5. A3, qURYIA ANAY. Associate Professor Dr Somkriate Supadej 2
d sy Ay danan 1dun. for that prototype is 2.67
3 o mra 14 on. will difficultly read a result 1.33
udaz dau Woude fu 14 edals. how did each part connect together ? 2
waz 92 uilas ﬁiy)ﬂlﬂﬂ! v Feaztianay. and will convert the signal in a shaking back stage 2.67
gy 19 u m%’m“l%’"lﬂ% way Bdnnseiind. for use in electric equipment and electronic 2.67
A e lu a1319 4.1, as display in the fourth point one table 2
Lﬁ'ﬂ AU 2993U818 MR 1S Laa. when passed the first section amplifier circuit 2
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Input sentences English Translation Sentences Mean
Mz a319 A de 33 R because the picture is created with same method 2.33
s09Udn nIznTIneenansimaluladiasmangaan the Deputy Undersecretary of Science Technology and Energy 2.33
NITUNMT LAT 1@avIYNs. committee and secretary
Tnsems AeuWADI DIdANTENN N9 MIUNNG. a medicine course electronic computer project 1
Tasams ms Wam neufames weuas, a software computer development project 2.67
T s wasedayana 18 Faou. do not clearly display signal 1.67
12, FEVUMILAN NIT WY 013, 12. animal feed mixer controller system 1
16. e13ilme Hodaya Yed uMInedunyasan;s. 16. library information of Kasetsart University 1.67
UG TAUAN DNININA NITUNIT. Mr Sompob Amartayakul committee 2.67
30 1 24960 luTasundi. take 24960 microsecond 233
ufog Block Wﬂ‘l‘ﬁ ozls. what does each block have function ? 1.33
uAaz Block lglﬁliﬂmﬂ'a fiu adels. how does each block connect together ? 2
N3 ﬂix“]gll N 2T ﬂ%ﬁ 17;14 the first time academic course conference 1.67
a6 l5Anw Tnsemside fr & !ﬁ%ﬂélu ﬁuuuitlf. however this research project has not finished completely 1.67
7 f: Tu aferon 14 du wn. this method in the past uses much together 1
MAIN Sgﬁnmaﬁnﬁ’ AN e)ﬁ’)ﬂiiﬂﬁ‘lﬁﬂij amiu the engineering faculty electronic department of King Mongkuts Institute 1.33
maluladwszeoumndr Wnammsaranszal. of Technology
1 aowiuaes 32 n. 1 computer 32 bit 2
3 2993590 159 W1alwd anniuma Tuladwszeomndsuys. 3 commercial base Integrated Circuit of King Mongkuts University of 1.67
Technology Thonburi
A 1 anvae A gﬂ 1. will have the appearance as the first figure 233
10 Tnsaerd1s Yoya vos Foya dauda . 10 data structure of personal data 1.67
nan lu ms aunu 5950, the time in scanning quickly 1.33
2 Tnseada Qﬂﬂﬁﬂf 1u ms 9. 2 device structure in research 2.67
Tag 14 qﬂﬂiﬂf $98Bnd wag szuvAONTINDS. by using X ray and computer system device 2.67
N gﬂ “7;5. as the fifth figure 2.67
71 fia /e m3 o szou dudnmda. the fourth figure inventory system working chart 233
way Sy nszua 14 qiga 25 mA. and electricity was adjusted maximum 25 mA 2
uaag YA VY ﬁﬂ’iﬁﬂﬁ ANAY . each set will perform differently 3
0UBTINDT LAl SNYT VA 12 ‘L{’J. a monitor displays 12 inch character size 2.67
wiwanud van 2 Wnng o, main memory 2 megabyte 2
NYoufiy uaad IduFArIe vo9 MNFATIN A, together with display the cross cut line of a cross cut picture too 1.67
§'1J ﬁl AeNRIABS B8 MUAATIN T19Me a;'u ‘7;1. the first figure a computer photographs body cross cut picture the first 2
version -
71 fi6 520 luTnsneuiiames YA 1IN, the sixth figure the first set microcomputer system 233
gﬂ ‘ﬁ7 lulasneuiinmes *A ﬁﬁm. the seventh figure the second set microcomputer 233
gﬂ 17'}8 Qﬂﬂiﬂj giﬁlgﬂ“ﬁ’ *A vl the eighth figure the new set X ray device 2
HAIUINY 3 N5 WA nuuﬁuwmmﬁwﬂ uag e a research 3 10 system and supporting and translation system 2
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Input sentences English Translation Sentences Mean
aruayumsulaniv, development
HAIUINY 5 5wULﬂ?ﬂu%’agaﬂauﬁamafﬁmiuﬁﬁ M lne a research 5 Thai language and English language automatic computer 2
nag fleJﬁlwﬁf]E]H. data preparing system
UNAAGD NS 1AUD WA, a result of work presentation abstract 1.67
13 Aa sz w My mMIawsznaupuay. do not against a budget finance area regulation 2
N9 e anse iyl 14, other institutes apply 133
Tilsunsunouiaumes i vz dea leqj ‘ﬁu L“Vh‘&u. a computer program expand only 1.67
ue 1y amenna. but become an International language 1.67
Tae 19 201 VENUS ¥94 ﬂizmﬁiﬁﬂu. by using the VENUS system of Japan 2.67
32ma Auila ”zytym . 3.2 part make signal - 32 version of signal generating 1.33
52UV MU Wi @98 7111 LISP. system of MU is developed with language of LISP 2
Tua 92 unU CP 1ag Case. anode will replace CP and Case 2.67
3. fvuam TCAT ¥y CP uday @ 3. determines a TCAT for each CP unit 2.67
6..Mmuan E‘IJI,L‘]JU n3eon I predicate CP. 6. determines a verb pattern for a predicate CP 2.67
UseTon ﬁy LERY gﬂmm NMYINAN . this sentence will have an Interlingua pattern 1.33
a7U Case 1%1! W n Lmuﬁ #e ﬁﬁ,_l“W'U‘Vl UaE MAUFI . that Case part will be replaced with Preposition and Conjunction 2.67
’cjﬂ‘i’gﬁﬂ AU Eiﬁ%ﬂ 18 fvua Tnsearde Bdanseiind the last researcher group assigned an Electronic dictionary structure 2
Anduns.
uaay us51ia Uawio &20 null . cach line is ended with null 233
3 1 17;5 1A Language Dependent Semantic Structure . the fifth figure illustrate a Dependent Semantic Structure Language 2
1. Y11 syntactic role Y9 uAag node . first find the syntactic role of each node 2
6. finp Tasead1a vea wauynsw. 6. study the structure of dictionary 233
UNAMN HANTUIY ﬁy U ixUULW?ﬂN%ﬂgaﬂaNﬁ’Jmﬂ{ this research article proposes an Automatic Recognition of Thai English 1.33
daludianm Ineuaznudangy . Characters System
Anyaz anordu ved fsnys vy 9n Unu #e 5¥ar 1. the lined figure appearance of alphabet will be replaced with first code 2
W1 weld1as vee Multi font Printed Thai Character first develop the software of Multi font Printed Thai Character 2
recognition . recognition
2. 4319 Card 8¥A135 Multi font Printed Thai Character 2. build a Multi font Printed Thai Character recognition Card software 2
recognition.
4. a%19 Card ¥0WAU37 Y99 Multi font Printed English 4. build the software Card of Multi font Printed English Character 233
Character recognition . recognition
ﬂ[’f’ay‘a *A 5 NN neuiawes. this set data is printed computer 1.33
2. aulne Au “]gﬂ fe dou. 2. Thai people eat the soup with spoon 2.67
179 M3 819 taas &8 f1n1e Tensel wie AuFer 119 A1 | some Cases display word or conjunction 1.33
1. 41399 401UMN TSV ﬁﬂ!‘ffﬂyﬁ ﬁ’ﬂﬂiﬂgﬂ IRRTIARTY first explore an organization library database system status 1.33
1n30919
;@11451’1'@;;,&1 i Tasead jméﬁ'mga ARG a database have other database structure together 1
§‘1J ﬁ 3 U8A9 AIAA18 Y99 NMOS 1ag PMOS N3 UTaInes. the third figure display the pattern of transistor NMOS and PMOS 2
71 11 uans Auaulia ¥es NIWUFMADS LUU nMOS. the eleventh figure display the attribute of nMOS type transistor 2
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Input sentences English Translation Sentences Mean
l,ﬂ?l’eN vz i TuaS oS uidu 17 . an instrument will print receipt 2
8042 & MIUAY w‘f,lluilluim mﬁ‘Wﬁy. 8042 will control these signal 2.67
Extension slot i ‘17;:\11431@1 FIUIU 8 slot. an extension slot have all amount 8 slot 2
System bus §f 7374 11 910 CPU 80386SX. a system bus is created from 80386SX CPU 2.67
System address bus T aua 20 1n L‘I/I'Tlfu. a system address bus have only 20 bit size 2
Y1419 VB4 data bus 92 15 vina 8 dn. Size of data bus will be 8 bit size 2
bus U893 DRAM ¢ E]E;J: 1114 local bus . bus of DRAM will be on a local bus 2.33
1A ¥09 ROM 2 15Ju artia 16 10 . size of ROM will be 16 bit type 2.67
wiy,immlﬁﬂﬂ ROM 32 9n w319 11 Taw 82335. a ROM signal will be built by 82335 2.67
wuy 8 91 92 15y slot via 62 11 8 bit type will be 62 leg size slot 2
LA17 LA23 iilu Toya 10 HOAATE YOI TTUL. a LA17 LA23 is the address signal of a system 3
m?ﬂw’fmmu I,ﬂ?l’ﬂﬂ ‘ﬁl i vdonlaozunsy . the first machine prototype have a block diagram 2
2 POWER DIVIDER Ao aniamasdaynnu . 2 POWER DIVIDER is signal divider 2.67
B0 NN ‘Vifii Howu nduwn 1h wiianaaey . another one way feed into a prescaler 2
EEU‘ULﬁ‘UﬂSJIﬂg’d Salulid uuy eunszasd. the automatic data storage system multipurpose type 2
Data Logger usaz f1 9z 3 i]lﬂ’u!/ﬂ 16 9. each Data Logger unit will have checkpoint 16 point 1.67
19504 92 Tudin Joya v 18 lu misearud, an instrument will record your data in memory 2
2.1 Data Logger 3% i dofmua ﬁd‘ﬁ 2.1 Data Logger will have principle as follows 233
3. wihona W misenar wasgiu Wi Sty . 3. Clock Calender is the standard Clock Calender for a CPU 1.67
5.2 gevling AIVAN Lﬂdiam Data Logger . 5. 2 software control a Data Logger instrument 3
#nITAL NTﬂijWHmiﬂim%‘W Vo4 Usema. 4 increase the living standard of citizen 2
§‘1J ﬁ 3.1 uans vaenlaozunsu veq ﬁaﬂmﬂu HUY AL, the third point one figure display the block diagram of order type 1.67
controller
wuawe3 il §r91eTilidss TR misenws viia RAM. 7 battery is the power service for RAM type memory 2
awsﬁuvm 9w foe il ﬂmauﬁﬁ ﬁif: an input circuit will have attribute as follows 233
3 @09 @1W130 LBA TTUV 98N 10 Lmﬁww . 3 separate the system from output 2
Lﬂé’m 9 UdAN ERROR . an instrument will display ERROR 2.67
m%"m 99 o ae'll 14, an instrument will work later 233
Tolsunsu %uﬂullﬂ W Qn 81U 09011 Ay Eﬁyu. staircase program will be read each step 2
SERVICE 11 niit whuifienin Trnua Talsunsy . a SERVICE have the function as program mode 1.67
42 fnda fiead ves pC. basic 4 2 instruction of PC 2
Tasead1a ved szuw oz dhu uuy Tu@,a . structure of system will be a module type 2.67
gﬂ ﬁZ 150N gﬂﬁnumz VDI URIAIUAY . the second figure display the characteristic of control panel 2.33
urnia Taseade meluves lod PWM waaq fa gﬂ “7;3 . an internal structure diagram of PWM IC show as the third figure 2
au gﬂﬂéu Wiy,iyﬂf,l\l PWM 3¢ 1T /4 g'ﬂ ‘1’?;5 . PWM signal wave form part will be as the fifth figure 233
Auand a1 denan dedu aanse 19 o 1dwad . other property above that perform work effectively 1.67
gﬂ ‘171‘9 LAY AN NITAIUAN VB m?m@’fmmu . the ninth figure show the controller circuit picture of model 1.67
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Input sentences English Translation Sentences Mean
ANHUL AUUA NTZUA UIIAU LAAI AW g‘ﬂ ﬁS . pressure electricity property character show according to the eighth 1.67
figure
1. wen wiew G];ﬂﬂmﬂnqmwgﬁ Usznou dre vidoutlas uag 1 kiln together temperature controller compose with transformer and 1.33
Miuoa . variate
U é’ﬁl% b 3J1ﬂ°’lilyu AR . user number have increasingly respectively 1
‘ﬂiyﬁ‘l M L“ﬁyﬂﬁ‘l MITMMRNIEZNN 3 fwimaiia 10 . specific information content area problem have much technical word 1.67
1 fnYT deu,m @19 ved STU Seveneniiames . first study the other status of computer network system 2.67
i aua? 1 a2 uia eonidfu $aaides . that music notation will be divided to octave interval 1.67
2993Y 89 9 §U Gi’l'ay,a i 910 ﬂWﬂLﬁUﬁW%ﬂﬂgﬁﬁ’ﬂﬁﬂ a counter circuit will receive note data from song note storage section 233
UDIUWAN .
2 ﬂ1ﬂﬁ%‘Nﬂ’Jma'mﬁi§1u oAU ﬁaﬁnﬁﬂmmﬁgagm U 2 standard frequency part except the fundamental frequency origin such 233
cystal . as a cystal
LE)‘IﬁV!ﬂ VYD comparator F1U 19 Full Adder . output of comparator flow Full Adder 1.67
gﬂ ﬁ 10 1A $149% 11 ¥09 1TIUead 1o . the tenth figure show the pin amount of VLSI circuit 2
UAUATW V09 TN Gate array ﬁ'ju N gﬂ ﬁ 2. the Gate array diagram of chip is as the second figure 2.33
Faaes dmd oz dowdh nowiamed. this both part will feed computer 1.67
Tulasaeufiawes vina 16 n i nireanuiman 640 16 bit size microcomputer have 640 kbyte main memory 2
kbyte .
Tasems ‘f: ﬂm%é’aﬁﬂ 18 duiiums !ﬁ%ﬂélu ué. this research team project performed completely already 1.33
ﬂm%é’fﬁﬂ VDVDUAM U1 Y ﬁ f: a research team thanks at this here 1.33
‘ﬂi]igﬁu 18 viudh Lﬂ?‘EN AIna17 ved USHNIMT . a present imported that machine of Hitachi companyb 1.33
1. Electromygraphy 14 electrode 11Uy L‘ﬁll . 1. Electromygraphy use a pin electrode type 2.33
8. ;'ﬂﬂéu iGN ﬁiymﬂm ﬂizﬁj’u square wave . 8. wave form of signal activate a square wave 2.33
CRLIANIE] fis #le MOVE. the fifth figure example is a MOVE 233
Tua 92 unu CP 1 Case . anode will replace CP and Case 2.67
aeunan vz 1y Ussie ves dasnws ly. a center will be the line of general alphabet 1.67
Tasams ﬁv% ﬁﬁumgu szuy asimd o szau Usemer . this project will support the information system in national level 2.67
6. sanauduasumalulad guﬁ%ﬂy‘a e malulad . 6. Technological Promotion Association have technology area data 1.67
center
Siiduiug ROOT 3 fndwil ady szana 18800 . ROOT relationship vocabulary have all vocabulary about 18800 word 1.67
udaz e a2 1 Adme Uszanas 1200 M1 . each branch will have vocabulary about 1200 word 1.67
AULOYNITIUNIT AT 1 euftlszneu ﬁ'ﬂ‘ﬁl. a subcommittee group have infrastructure as follows 2
WATTIU w02 3 %A BnYs T4 NN Go 3INAY . a standard will have a character set 1.33
AT ﬁy iy arfuse ﬂ‘?ﬂ ﬁ 2. this standard is the second time outline 2
ME1C & e 18 wu@enduy mmnﬁuﬁw GLERER a C language worked as low level language also 1.67
7% ‘ﬁy a1 dunls Usuan Facility . this method will have Facility type varaible 2
M1319 ﬁ 1 UAd Wa U4 ﬁif%d H PINCHK . the first table display the result of H PINCHK instruction 2
g‘]J ﬁ 5 vdenlaezunsy uaas Taseade vea EPM5064. the fifth block diagram figure display the structure of EPM5064 2
6 Display W seven_segments 6 @ . the sixth Display is 6 unit seven segments 1.67
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Input sentences English Translation Sentences Mean
gﬂ 710 naae 2995520 @ Nl the tenth figure illustrate the first part Integrated Circuit 2
9q 9 A v . .
@Gl“li 9 AIVAY AT 14 an user will control instrument 2

E
WUIA AN MA@ Ay dwmda fu 14, these other word units change position together 1.33
9 IS 7 Y < Y . .

vp 2 09 Huonwaul aae fudu . a vp will be singular too etc 1.67
5.1 %iu1 PATR PARSER sy Talsunsy a1mn Prolog . 5.1 develop a Prolog language program area PATR PARSER 233
Talsunsy TSP Wow AU @28 1161 LPA Prolog 2.5 . TSP program is written with language the second point two LPA 1.33
Total 2.05




SENTENCE LEVEL (THAI SENTENCE)

APPENDIX G

SENTENCE LEVEL FtoC-PATTERNS

Type THAI SENTENCE PATTERNS ENGLISH SENTENCE PATTERNS
pres VP SUBJ OBJ OBLIQUE SUBJ VP OBJ OBLIQUE
verb NP NP PP NP verb NP PP
VP SUBJ OBJ1 0OoBJ 2 SUBJ VP 0OBJ 2 OoBJ1
verb NP NP NP NP verb NP NP
VP SUBJ OBJ MODIFIER SUBJ VP OBJ MODIFIER
verb NP NP adverb NP verb NP adverb
VP SUBJ MODIFIER 1 MODIFIER 2 SUBJ VP MODIFIER 1 MODIFIER 2
verb NP adverb adverb NP verb adverb adverb
VP SUBJ OBLIQUE MODIFIER SUBJ VP OBLIQUE MODIFIER
verb NP PP adverb NP verb PP adverb
VP SUBJ OBJ1 OBJ2 OBLIQUE SUBJ VP OBJ2 OBJ1 OBLIQUE
verb NP NP NP PP NP verb NP NP PP
VP SUBJ OBJ SUBJ VP OBJ
verb NP NP NP verb NP
VP SUBJ OBJ1 0OBJ 2 OBJ 3 SUBJ VP OBJ3 OBJ 2 OBJ1
verb NP NP NP NP NP verb NP NP NP
VP SUBJ OBLIQUE SUBJ VP OBLIQUE
verb NP PP NP verb PP
VP SUBJ OBJ1 OBJ 2 0OBJ 3 OBJ4 SUBJ VP OBJ 4 OBJ 3 OBJ 2 OoBJ1
verb NP NP NP NP NP NP verb NP NP NP NP




Type THAI SENTENCE PATTERNS ENGLISH SENTENCE PATTERNS
future + passive VP SUBJ OBLIQUE SUBJ VP OBLIQUE
adjunct + verb NP PP NP will, shall + be + v3 PP
VP SUBJ OBLIQUE SUBJ VP OBLIQUE
adjunctl + adjunct 2 + verb NP PP NP will, shall + be + v PP
VP SUBJ OBLIQUE SUBJ VP OBLIQUE
adjunctl + adjunct 2 + verb + adjunct 3 NP PP NP will, shall + be + v3 PP
Type THAI SENTENCE PATTERNS ENGLISH SENTENCE PATTERNS
future VP SUBJ OBJ SUBJ VP OBJ
adjunct + verb NP NP NP will, shall + v NP
VP SUBJ OBJ ADJUNCTION SUBJ VP OBJ
adjunct + verb NP NP auxiliary NP will, shall +v NP
VP SUBJ oBJ1 OBJ 2 SUBJ VP OBJ2 OoBJ1
adjunct + verb NP NP NP NP will, shall + v NP NP
VP SUBJ OBJ OBLIQUE SUBJ VP OBJ OBLIQUE
adjunct + verb NP NP PP NP will, shall + v NP PP
VP SUBJ OBJ MODIFIER SUBJ VP OBJ MODIFIER
adjunct + verb NP NP adverb NP will, shall +v NP adverb
VP SUBJ OBJ ADJUNCTION | OBLIQUE SUBJ VP OBJ OBLIQUE
adjunct+ verb NP NP auxiliary PP NP will, shall + v NP PP
VP SUBJ oBJ1 OBJ 2 OBLIQUE SUBJ VP OBJ2 OoBJ1 OBLIQUE
adjunct + verb NP NP NP PP NP will, shall + v NP NP PP
VP SUBJ oBJ1 MODIFIER OBJ2 SUBJ VP OoBJ1 MODIFIER OBJ2
adjunct + verb NP NP adverb NP NP will, shall +v NP adverb NP
VP SUBJ oBJ1 OBJ 2 OBLIQUE | MODIFIER SUBJ VP OBJ2 OoBJ1 OBLIQUE | MODIFIER
adjunct + verb NP NP NP PP adverb NP will, shall + v NP NP PP adverb

vET



Present Perfect

THAI SENTENCE PATTERNS

ENGLISH SENTENCE PATTERNS

VP SUBJ MODIFIER SUBJ VP MODIFIER
Adjunct + V NP Adverb NP has,have + V3 Adverb

Present Passive
THAI SENTENCE PATTERNS ENGLISH SENTENCE PATTERNS

VP SUBJ OBLIQUE SUBJ VP OBLIQUE

ADJUNCT +V NP PP NP Is, am, are + Vs PP
Past
THAI SENTENCE PATTERNS ENGLISH SENTENCE PATTERNS
VP SUBJ OBJ1 OBJ 2 SUBJ VP OBJ 2 OBJ1
ADJUNCT +V NP NP NP NP V, NP NP

GET



APPENDIX H
NOUN PHRASE LEVEL FtoC PATTERNS

PHRASE LEVELS - NP
Thai Patterns

PHRASE LEVELS- NP
English Patterns

NOUN NOUN |
NOUN MODIFIER The MODIFIER NOUN
Ordinal
Common Noun Number Ordinal Number Common Noun
NOUN MODIFIER MODIFIER NOUN
NP(Class +
Common Noun Deter) NP(Class + Deter) | Common Noun
NOUN MODIFIER The MODIFIER of NOUN
Proper Noun Common Noun Common Noun Proper Noun
NOUN MODIFIER MODIFIER NOUN
Cardinal
Common Noun Number Cardinal Number Common Noun
NOUN MODIFIER MODIFIER NOUN

Common Noun

Common Noun

Common Noun

Common Noun

NOUN MODIFIER NOUN MODIFIER
Common Noun CoorCon Common Noun CoorCon

NOUN MODIFIER MODIFIER NOUN
Common Noun Label Noun Label Noun Common Noun

NOUN MODIFIER MODIFIER NOUN
Common Noun Determiner Determiner Common Noun




PHRASE LEVELS - NP

Thai Patterns

PHRASE LEVELS- NP

English Patterns

MODIFIER NOUN
Ordinal Noun Common Noun
MODIFIER NOUN
NP Common Noun
NOUN ADJUNCTION
Common Noun PP
NOUN MODIFIER

Ordinal Number

Common Noun

NOUN MODIFIER
Common Noun Ordinal Noun
NOUN MODIFIER
Common Noun NP
NOUN ADJUNCTION
Common Noun PP
NOUN MODIFIER
Ordinal
Number Common Noun
NOUN MODIFIER
Ordinal Noun Classifier
NOUN MODIFIER
Label Noun Common Noun
NOUN MODIFIER
Label Noun CoorCon
NOUN MODIFIER
Title Noun NP
NOUN MODIFIER
Title Noun Title Noun
NOUN MODIFIER

NOUN MODIFIER
Ordinal Noun Classifier
NOUN MODIFIER
Label Noun Common Noun
NOUN MODIFIER
Label Noun CoorCon
NOUN MODIFIER
Title Noun NP
NOUN MODIFIER
Title Noun Title Noun
NOUN MODIFIER

Proper Noun

Proper Noun

Proper Noun

Proper Noun

LET



PHRASE LEVELS - NP
Thai Patterns
MODIFIER NOUN
Classifier Proper Noun
CLASSIFIER MODIFIER
Ordinal
Number
NOUN MODIFIER
Ordinal Noun Classifier
CLASSIFIER MODIFIER
Determiner
CLASSIFIER MODIFIER
Determiner
NOUN MODIFIER
Common Noun Determiner
| NOUN MODIFIER
NP
| NOUN MODIFIER
Pronoun
NOUN MODIFIER
Proper Noun NP
NOUN MODIFIER
Proper Noun NP
NP ADJUNCTION
PP

PHRASE LEVELS- NP
English Patterns
The MODIFIER of NOUN
Classifier Proper Noun
The MODIFIER CLASSIFIER
Ordinal
Number
The NOUN MODIFIER
Ordinal Noun Classifier
MODIFIER CLASSIFIER
Determiner
MODIFIER CLASSIFIER
Determiner
MODIFIER NOUN
Determiner Common Noun
MODIFIER NOUN
NP
MODIFIER NOUN
Pronoun
The MODIFIER of NOUN
NP Proper Noun
| The MODIFIER of NOUN
NP Proper Noun
NP ADJUNCTION

PP

8T



PHRASE LEVELS - NP

Thai Patterns

PHRASE LEVELS- NP

English Patterns

Nominal Prefix MODIFIER Nominal Prefix MODIFIER
noun noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 Nominal Prefix NOUN
Common Noun | Nominal Prefix NP NP Common Noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 NOUN MODIFIER 2
Ordinal Ordinal
Common Noun Number Common Noun Number Common Noun | Common Noun
NOUN MODIFIER ADJUNCTION MODIFIER NOUN ADJUNCTION
Common Noun | Nominal Prefix PP Nominal Prefix | Common Noun PP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 NOUN

Common Noun

Common Noun

Common Noun

Common Noun

Common Noun

Common Noun

NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 NOUN
Common Noun | Common Noun Determiner Determiner Common Noun | Common Noun
NOUN MODIFIER 1 MODIFIER 2 NOUN MODIFIER 1 MODIFIER 2
Common Noun Determiner Determiner Common Noun Determiner Determiner
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 NOUN
Common Noun Classifier Common Noun Common Noun Classifier Common Noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 NOUN MODIFIER 2
Common Noun Determiner Common Noun Determiner Common Noun | Common Noun
NOUN MODIFIER ADJUNCTION Nominal Prefix NOUN ADJUNCTION
Common Noun | Nominal Prefix PP Common Noun PP

6ET



PHRASE LEVELS - NP

Thai Patterns

PHRASE LEVELS- NP

English Patterns

NOUN MODIFIER ADJUNCTION MODIFIER NOUN ADJUNCTION
Common Noun | Common Noun PP Common Noun | Common Noun PP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 MODIFIER 2 NOUN
Common Noun Determiner Classifier Determiner Classifier Common Noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 NOUN MODIFIER 1
Common Noun Classifier Determiner Determiner Common Noun Classifier
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 NOUN
Common Noun NP NP NP NP Common Noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 NOUN MODIFIER 2
Common Noun Determiner NP Determiner Common Noun NP
NOUN MODIFIER ADJUNCTION NOUN Nominal Prefix | ADJUNCTION
Label Noun Nominal Prefix PP Label Noun PP
NOUN MODIFIER 1 MODIFIER 2 NOUN MODIFIER 2 MODIFIER 1
Label Noun Common Noun | Common Noun Label Noun Common Noun | Common Noun
NOUN MODIFIER 1 MODIFIER 2 NOUN MODIFIER 1 MODIFIER 2
Label Noun NP NP Label Noun NP NP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 MODIFIER 2 of NOUN
Proper Noun Title Noun Common Noun Title Noun Common Noun Proper Noun
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 NOUN MODIFIER 2
Proper Noun Title Noun Proper Noun Title Noun Proper Noun Proper Noun
NOUN MODIFIER 1 MODIFIER 2 NOUN MODIFIER 1 MODIFIER 2
Common Noun Determiner Ordinal Noun Common Noun Determiner Ordinal Noun

ovT



PHRASE LEVELS - NP

Thai Patterns

PHRASE LEVELS- NP

English Patterns

NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 MODIFIER 2 NOUN
Common Noun Determiner Common Noun Determiner Common Noun | Common Noun
| CLASSIFIER MODIFIER 1 MODIFIER 2 MODIFIER1 | MODIFIER2 | CLASSIFIER |
Determiner Determiner Determiner Determiner
| CLASSIFIER MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 CLASSIFIER |
Determiner Determiner Determiner Determiner
Nominal Prefix MODIFIER 1 MODIFIER 2 MODIFIER 2 MODIFIER 1 | Nominal Prefix
NP NP NP NP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 1 NOUN MODIFIER 2
Proper Noun NP Proper Noun NP Proper Noun Proper Noun
NOUN MODIFIER 1 MODIFIER 2 | The | MODIFIER 1 of NOUN MODIFIER 2
Proper Noun NP Proper Noun NP Proper Noun Proper Noun
NOUN MODIFIER 1 MODIFIER 2 | The | MODIFIER 1 of NOUN MODIFIER 2
Proper Noun NP NP NP Proper Noun NP
NOUN MODIFIER 1 MODIFIER 2 | The | MODIFIER 2 MODIFIER 1 of NOUN
Proper Noun NP NP NP NP Proper Noun
NP MODIFIER 1 MODIFIER 2 NP MODIFIER 2 MODIFIER 1
NP NP NP NP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3 NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3
Common Noun Determiner Determiner Classifier Common Noun Determiner Determiner Classifier
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3 The | MODIFIER 2 MODIFIER 1 of NOUN MODIFIER 3
Common
Proper Noun Common Noun | Common Noun Common Noun Common Noun | Common Noun Proper Noun Noun

114"



PHRASE LEVELS - NP

Thai Patterns

PHRASE LEVELS- NP

English Patterns

NOUN Nominal Prefix MODIFIER 2 MODIFIER 3
Common Noun NP NP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3

Common Noun

Common Noun

Common Noun

Common Noun

MODIFIER 3 MODIFIER 2 | Nominal Prefix NOUN
NP NP Common Noun
MODIFIER 3 MODIFIER 2 MODIFIER 1 NOUN

Common Noun

Common Noun

Common Noun

Common Noun

NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3 MODIFIER 1 MODIFIER 3 MODIFIER 2 of NOUN
Proper Noun Label Noun NP NP Label Noun NP NP Proper Noun
NOUN MODIFIER 1 MODIFIER 2 ADJUNCTION NOUN MODIFIER 2 MODIFIER1 | ADJUNCTION
Label Noun NP NP PP Label Noun NP NP PP
~
NOUN MODIFIER 1 Nominal Prefix MODIFIER 2 NOUN MODIFIER 2 | Nominal Prefix | MODIFIER 1 N
Label Noun NP NP Label Noun NP NP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3 MODIFIER 1 NOUN MODIFIER 2 MODIFIER 3
Proper Noun Title Noun Proper Noun NP Title Noun Proper Noun Proper Noun NP
NP MODIFIER 1 MODIFIER 2 MODIFIER 3 NP MODIFIER 3 MODIFIER 2 MODIFIER 1
NP NP NP NP NP NP
NOUN MODIFIER 1 MODIFIER 2 ADJUNCTION NOUN MODIFIER 2 MODIFIER1 | ADJUNCTION
Ordinal Noun NP NP PP Ordinal Noun NP NP PP
NOUN MODIFIER 1 MODIFIER 2 MODIFIER 3 MODIFIER 4 MODIFIER 5 The | MODIFIER 1 NOUN MODIFIER 5 MODIFIER 4 | MODIFIER 3
Nominal
Common Noun Determiner Common Noun Nominal Prefix Common Noun | Common Noun Determiner Common Noun | Common Noun | Common Noun Prefix




Subordinating Conjunction (Subor)

Thai Patterns

APPENDIX |

SUBORDINATION CONJUNCTION

VERB PHRASE SubOr MODIFIER
VP Adverb
VERB PHRASE SubOr OBJECT
VP NP
VERB PHRASE SubOr OBLIQUE PHRASE
VP (PP)
VERB PHRASE SubOr SUBJECT
VP NP
VERB PHRASE SubOr SUBJECT
VP NP
VERB PHRASE SubOr OBLIQUE PHRASE MODIFIER
VP (PP) Adverb
OBLIQUE
VERB PHRASE SubOr OBJECT 1 PHRASE
VP NP (PP)

Subordinating Conjunction (Subor)

English Patterns

SubOr MODIFIER VERB PHRASE
Adverb VP
VERB
SubOr PHRASE OBJECT
VP NP
VERB OBLIQUE
SubOr PHRASE PHRASE
VP (PP)
SubOr SUBJECT VERB PHRASE
NP VP
SubOr SUBJECT VERB PHRASE
NP VP
VERB OBLIQUE
SubOr PHRASE PHRASE MODIFIER
VP (PP) Adverb
OBLIQUE
SubOr OBJECT 1 VERB PHRASE PHRASE
NP VP (PP)




Subordinating Conjunction (Subor)

Thai Patterns

Subordinating Conjunction (Subor)

English Patterns

VERB PHRASE SubOr OBJECT 1 OBJECT 2
VP NP NP
OBLIQUE
VERB PHRASE SubOr OBJECT 1 PHRASE MODIFIER
VP NP (PP) Adverb
OBLIQUE
VERB PHRASE SubOr OBJECT 1 OBJECT 2 PHRASE
VP NP NP (PP)
VERB PHRASE SubOr OBJECT 1 OBJECT 2 ADJUNCTION
VP NP NP Auxiliary
Coordinating Conjunction (CoorCon)
CoorCon CoorConl CoorCon2
NP NP
CoorCon
VERB PHRASE OBJECT
VP NP
VERB PHRASE CoorCon OBJECT 1 OBJECT 2
VP NP Pronoun
OBLIQUE
VERB PHRASE CoorCon OBJECT PHRASE
VP NP (PP)

VERB
SubOr PHRASE OBJECT 2 OBJECT 1
VP NP NP
VERB OBLIQUE
SubOr PHRASE OBJECT 1 PHRASE MODIFIER
VP NP (PP) Adverb
VERB OBLIQUE
SubOr PHRASE OBJECT 2 OBJECT 1 PHRASE
VP NP NP (PP)
VERB
SubOr PHRASE OBJECT 2 OBJECT 1
VP NP NP
Coordinating Conjunction (CoorCon)
S
CoorConl CoorCon CoorCon2
NP NP
VERB
CoorCon PHRASE OBJECT
VP NP
CoorCon OBJECT 2 Auxiliary Verb OBJECT 1 VERB PHRASE
Pronoun NP VP
VERB OBLIQUE
CoorCon PHRASE OBJECT PHRASE
VP NP (PP)




Subordinating Conjunction (Subor)

Thai Patterns

Subordinating Conjunction (Subor)

English Patterns

OBJECT
VERB PHRASE CoorCon OBJECT 1 ADJUNCTION MODIFIER 2 CoorCon OBJECT 1 VERB PHRASE MODIFIER OBJECT 2
VP NP AUXILIARY Adverb NP NP VP Adverb NP

Y1




APPENDIX J
Verb Phrase level FtoC patterns

Thai Patterns - VP | English Patterns - VP

(Indicate
VP ADJUNCTION VP Tense)
verb Auxiliary verb
VP OBLIQUE VP OBLIQUE
verb (PP) verb (PP)
(Indicate

VP ADJUNCTION VP Tense)
verb Auxiliary verb
VP MODIFIER VP MODIFIER
verb Adverb verb Adverb
VP MODIFIER ADJUNCTION VP MODIFIER
verb Adverb Aucxiliary (verb) Adverb

ADJUNCTION | ADJUNCTION
VP 1 2 VP
verb Auxiliary Auxiliary verb

ADJUNCTION | ADJUNCTION
VP 1 2 VP
verb Auxiliary Auxiliary verb

ADJUNCTION | ADJUNCTION
VP 1 2 VP
verb Auxiliary Auxiliary verb




Thai Patterns - VP

English Patterns - VP

VP ADJUNCTION MODIFIER VP MODIFIER
verb Auxiliary Adverb verb Adverb
VP OBJECT 1 OBJECT 2 OBJECT 2 | Auxiliary Verb | OBJECT 1 VP
verb Noun Pronoun Pronoun Noun verb
NEGATOR Auxiliary
VP OBJECT Verb NEGATOR VP OBJECT
verb Noun verb Noun
VP OBJECT OBLI PH VP OBJECT OBLI PH
verb Noun (PP) verb Noun (PP)
VP OBJECT MODIFIER VP MODIFIER OBJECT
(verb) Noun Adverb verb Adverb Noun
VP ADJUNCTION OBJECT VP OBJECT
verb Auxiliary NP verb NP
VP ADJUNCTION NEGATOR MODIFIER NEGATOR VP MODIFIER
verb Auxiliary Adverb verb Adverb
VP ADJUNCTION OBJECT MODIFIER VP OBJECT MODIFIER
verb Auxiliary Noun Adverb verb Noun Adverb
VP ADJUNCTION OBJECT OBLIQUE PHR VP OBJECT OBLI PH
verb Auxiliary Noun (PP) verb Noun (PP)

VT



Thai Patterns - VP

English Patterns - VP

ADJUNCTION ADJUNCTION
VP 1 OBJECT 2 VP OBJECT
verb Auxiliary Noun Aucxiliary verb Noun
ADJUNCTION | ADJUNCTION | ADJUNCTION
VP 1 2 3 VP
verb Auxiliary Auxiliary Auxiliary verb
MODIFIER
VP ADJUNCTION | MODIFIER 1 MODIFIER 2 VP MODIFIER 1 2
verb Auxiliary Adverb Adverb verb Adverb Adverb
ADJUNCTION ADJUNCTION
VP 1 OBJECT 2 MODIFIER VP MODIFIER OBJECT
verb Auxiliary Noun Auxiliary Adverb verb Adverb Noun
ADJUNCTION ADJUNCTION
VP 1 OBJECT MODIFIER 2 VP OBJECT MODIFIER
verb Auxiliary Noun Adverb Auxiliary verb Noun Adverb
ADJUNCTION | ADJUNCTION
VP 1 2 OBJECT MODIFIER VP OBJECT MODIFIER
verb Auxiliary Auxiliary Noun Adverb verb Noun Adverb
ADJUNCTION | ADJUNCTION ADJUNCTION
VP 1 2 OBJECT 3 VP OBJECT
verb Auxiliary Aucxiliary Noun Auxiliary verb Noun

8r1



Thai Patterns - VP

English Patterns - VP

ADJUNCTION | ADJUNCTION ADJUNCTION
VP 1 2 MODIFIER 3 VP MODIFIER
verb Auxiliary Aucxiliary Adverb Auxiliary verb Adverb
OBJECT
VP NEGATOR OBJECT 1 OBJECT 2 OBJECT 3 OBJECT 4 NEGATOR VP OBJECT 4 3 OBJECT 2 | OBJECT 1
verb Noun Noun Noun Noun verb Noun Noun Noun Noun
ADJUNCTION ADJUNCTION Auxiliary
VP NEGATOR 1 OBJECT 2 MODIFIER Verb NEGATOR MODIFIER VP OBJECT
verb Aucxiliary Noun Auxiliary Adverb Adverb verb Noun
ADJUNCTION | ADJUNCTION OBJECT
VP 1 2 OBJECT 1 MODIFIER OBJECT 2 VP OBJECT 1 MODIFIER 2
verb Auxiliary Auxiliary Noun Adverb Pronoun verb Noun Adverb Pronoun

6v1



APPENDIX K

PREPOSITION PHRASE LEVEL FtoC PATTERNS

Thai Patterns

English Patterns

PP | OBJECT
NP

PP | OBJECT1 | OBJECT 2
NP NP

PP | OBJECT
NP

PP | OBJECT 2 | OBJECT 1
NP NP




APPENDIX L

ADDITIONAL TESTING SENTENCES

Thai Sentences

English Translation Sentences

A
WO LAl 1Agang.

so that show a project

lunsain uaas MnaauIa.

in case of show a cross cut picture

ad A d
Uaadoan NN ﬂﬂﬂi@]@mﬂ‘ﬂiﬂuﬂﬁ.

display on an optoelectronic

M asuiiuaes ari .

S0 a computer is delayed

£ Yo 1
B hlﬂill NN INNY.

that receive on a body

Tasemsdvouagzsian gUnsaivensdayana uaz uomos

s

signal amplifier device and AC motor Research Project
and Development

iive WNTaN 195 910ADNNUADS LAY IATOINIUAN.

so that consider computer network and controller
machine

@

= 7
92 1@y UsTue Al

will lose as follows a budget

a31) 9w ulene,

summarize the job according to a policy

Y =2 1 a s
187 93 @3 NN ADUNUADT.

then send on a computer

] J ] ]
31U 11 Aada N Usemagiifu.

the first figure is installed at Japan

wag 92 uiad ulev1e my ASTUMS.

and will convert the policy according to a committee

uaaz Case 1 guuuy og1als.

how does each Case have pattern ?

1. viueanuii 8 kbyte.

1. memory 8 kbyte

ad a J Jd o u’:
po1/Tndrannsetind naad 1myn $1uu 12 4.

an optoelectronic displays 12 floor output number

8042 2= unu electrode wag DRAM.

8042 will replace electrode and DRAM

o ' v ad J
1. Mrivam WIATTIU IFDNY AN ISVUAIUAY.

first determines an X ray standard according to a
controller system

J
v A A o

INE 4 g U anbue A1AL.

this code will have an order character

2

dau guuuy i 9g gn umud a1 2995590 tag gunsal

YA Y.

that layout part will be replaced according to IC and
signal amplifier device

uaaz 90 Uate are node.

each point is ended with node

51 0 10 nana gumsis d2 11,

the tenth figure show a note position

< '
1.m uaaﬂ‘lﬂa:uﬂm 10 uaag Tnua.

first find the block diagram from each mode

Y 9
6 A1 Tnseardia 910 grudoya,

6 study the structure from database

o Y 4 Y
anbae 1nT9a319 vod Qﬂﬂim@li’flfﬂz 2 gn N

the structure appearance of sensor will be replaced as
first signal
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Thai Sentences

English Translation Sentences

1 =) Y Y
WUREINY Ty 1

Y Y ad A da o
2. HINW TEUY i'mﬁllf]i,luﬁ E]Laﬂ‘ﬂiﬂuﬂﬁﬂﬂ“h'uuﬁ.

2. build an Electronic dictionary system database

o o o

Y
a 4
AN Uszian 4 AUW Mp1ana.

this vocabulary type is printed International language

C] a 9
RUUITN 3¢ NUNW aIAA1Y Gl‘ﬂ.

an outline will print pattern

TuTnsneuiiames gn a319 11 90 Amy F3ve.

a microcomputer is created from researcher committee

%u voq electrode vz og Tu inn.

layer of electrode will be in a gate

dnvaie voa Mde vz i maTulad 640 kbyte.

appearance of instruction will be 640 kbyte technology

MR 92 YN A519 11 91N 0.

a research will be built from researcher

A a ¢ & v v
insovtenoNNaIaes 11U Ae Taseddie veq

Tulasnouiimes .

a computer network is the structure chart of a
microcomputer

[ (% wa a o
15991 0 lula mely nugsanes.

the automatic pressure transistor internal

szuuaivayumsudaniy 399z o annu 18,

a supporting and translation system will work
differently

AUZNTINMINAUINTIATHINIALAIAVIWINA VY

d o a
uaas luasasutu.

an Office of the National Economics and Social
Development Board will display receipt

viheaNuiman 1 eedilsznon ves dayana 295w,

a main memory have the infrastructure of counter
circuit signal

= IS a
1107 YN YWY 1y via VIR IU.

time of CPU will be a standard type

S . o ]
Ane N3sumMs ulewe 92 Wy wwpedny NN LIIN.

policy committee group will be as the first group

Ed ] ] Ed Ed
T NA0I UEAAd MFI @rdanal ved d191e 1vides.

the second step show the setting time instruction of
power service

1. ¥ vaz suilszana Uszneu dae dumia uag

YAAINT.

1 expense and budget comprise with position and
personnel

EZ
@

=D

Preposition data have differently as follows

Foya Sywun T e g
Ed

AInAN UIINA U 9 11e 910 sz Ten mwiana.

that line controller will be divided from International
language sentence

ANyl vod nazua W 190 a5 e T,

appearance of current flow electric equipment

v o

QY 1SN AR YA Foya Yo Aautmasdyn .

U

the first group show the data set of signal divider

a '

o A dy 9 Y o o w
ANYDN U VYD llﬂ ANUUHUNIT @']ﬂllﬂ ATuaIAL.

this data conjunction performed next respectively

4 o a o 4 {
msunnd 1@ siudn Fw danan 90 Uszmadjaju.

a medicine imported mention chip from Japan

Fd
1. dszanwu 1% wum wou @rdanan.

1 citizen use a setting time kiln type

DN UNU TN LA %}ﬂyjﬁ.

a picture will replace table and data

a2 9 o

AFTUMIVINIT @gl}fN 4 v9ya TAU.

U

an administrative will have data clearly

71 1 uerad szuu vea Mdd uaz auantia
noald Wi,

the first figure display the system of electric equipment
instruction and property
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