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Abstract

As few studies on Laos, there has not built relatively large dependency Treebank.
Compared with the rich and mature Chinese corpus, the syntactic analysis of Laos is more
difficult and still a urgently controversial issue. The existing machine learning methods
need a lot of training corpus, these methods are not fully applicable to Laos and the
accuracy of Laos processing results is also low. This paper presents an approach of
Chinese-Laos bilingual corpus of word alignment to built Laos Dependency Treebank
method. Firstly, the aligned word processing was made by Chinese-Laos sentence pairs.
Secondly, the dependency parsing was done with Chinese sentences. Finally, Laos
Dependency Parsing Treebank was generated by Chinese-Laos Languages align
relationship and Chinese Dependency Tree. The results show that the accuracy of this
method has been improved significantly compared with machine learning methods. This
approach not only simplifies the process of manual collection and annotation of Laos
Treebank, but saves the manpower and time in building the Treebank as well. In the case
of the scarcity of Laos corpus, this approach can automatically build the Laos
Dependency Treebank with high quality.

Keywords: Laos Dependency Treebank; Chinese Dependency Parsing; Word
Alignment

1. Introduction

Lao is China's neighboring country, the exchanges between the two peoples has a long
history. Language plays a very important role during the communication. So it has
important practical significance for the research of Chinese and Laos bilingual. As a
fundamental work in the translation process between Laos and Chinese, Laos syntactic
parsing requires a series of analytical procedures to obtain the complete syntax tree of the
sentences. Shallow parsing doesn’t require the complete parsing tree but the recognition
of some components with simple structures, namely, it turns the syntactic parsing into two
sub-tasks: identification and analysis of the lexical chunks, and the dependency analysis
among lexical chunks. Because of the relatively large difficulty of complete syntactic
parsing, the shallow parsing becomes the mainstream of syntactic analysis [1].
Dependency parsing is a very effective way for the machine language syntax analysis.
This paper uses the dependency tree method for the Laos syntactic parsing. The
construction of Laos dependent labeling system and dependency Treebank has become
the core work of the whole Laos dependency analysis. Effective and reasonable solution
to this problem can provide a strong support for the upper applications such as syntactic
parsing, machine translation, information acquisition, etc. The researches of dependency
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parsing and dependency Treebank construction have been performed in China and other
countries. There are some famous dependency Treebank such as Czech Prague Treebank
[2], English Parc Treebank [3], Russian Treebank, and Italian Treebank [4-5]. There is
also some influential Chinese dependency Treebank, such as Harbin Institute of
Technology Social Computing and Information Retrieval Research Center Chinese
Dependency Treebank (HIT-CIR-CDT) [6] which constructed by Harbin Institute of
Technology Social Computing and Information Retrieval Research Center (HIT-SCIR)
with a size of 1.2 million words and 6 million sentences. In the construction of Laos
dependency Treebank, there is no people involved in this field around the world. The
research in this field is basically a blank.

From the above analysis, we can see that the construction of large languages Treebank
has made some achievements. But for Laos, its research work is very little and don’t have
a dependency Treebank with a substantial scale. Just like Chinese, labeled dependency
Treebank is the essential resource for the Laos statistical dependency syntactic structure
analysis. How to construct the Laos Dependency Treebank is the key problem solved in
this paper. According to the characteristics of Laos, this paper presents an approach to
built Laos Dependency Treebank on the basis of Chinese-Laos bilingual corpus of word
alignment. Comparing with machine learning method, the experimental results show that
the method proposed in this paper have some improvement in Unlabeled Attachment
Score(UAS), Labeled Attachment Score(LAS), Root Accuracy(RA).

2. The Differences between Chinese and Laos

Some grammatically structural differences between Laos and Chinese via the
comparative studies are shown as follows:

(1) In Laos, both the descriptive attribute and the restrictive attribute are usually placed
after the modified central words which they modified(except for some idiomatic usage).
The order of the sentence elements in Chinese is: (Attributive) Subject+ Predicate+
(Attributive) Object. And the order in Laos sentence is: Subject (Attributive) + Predicate
+ Object (Attributive). For example, the sentence “fih 32 >E ¥ ¥ %= (His father drives a new
car)” in Laos is “w (K #)2 2ft)2 ()2 o(F )l (#H)”. Hence, as
modifiers, the attributive are placed at the back of central word which could be a subject
or predicate.

(2)The most basic usage of quantifiers is to be placed at the back of numeral act as a

noun classifier (use nouns as classifiers) and modified noun as a attributive. If the numeral
itself is two or greater than two, the order is noun + numeral + quantifier (e.g., the order

of the phrase * W 7k 51 T (two desk)” in Laos is “ 5 T W 3k », “Vz(
F)Fo9(M)n ' 0®(7K)”). If the numeral itself is one, the order is: numeral + quantifier

+ noun e.g., the order of the phrase “— R #3(a duck)” in Laos is“fH—, “cU” o(i
)0‘)1)9 ' 9(—)”. The quantifiers could also be put in front of the adjective to compose a
phrase. This phrase usually modifies the noun in front of it and the order of this kind of
sentence is: noun + quantifier + adjective.

(3)The auxiliary word we use to connect adverbial in Chinese is “}i” and in Laos is
mainly “& ' 29” and sometimes “Q0&”. In Chinese, the adverbial elements are generally
placed in the back of the subject and in front of the predicate verb. But in Laos, the time,
cause, purpose, degree adverbial are generally be placed in front of the whole sentence or
sometimes in the end of the sentence.

(4)The adverbial connected by the auxiliary word “&J ' 99” is generally placed in the

back of the predicate verb in Laos. But if there is an object in the sentence then the
adverbial should be placed in the back of the object, that is, at the end of the sentence. For
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example, to “” Z9FIW2892 FOSOVLLYL 9T [¢ 990, TV V2N LWOV].”

“J.2f SB[ E45]2% I (My brother studies [hard].).”. The predicate of this sentence is the

verb-object structure, therefore, the adverbial must be placed at the end of the sentence,
which is placed in the back of the object.
(5)The manner adverbial generally placed at the end of the sentence in Laos. For

example, t0 “Cw~ DLAS 0OONS . ™~ Urcmao[cney vl “fbR[
k25 LAEM)(He was [invited] to work in Laos.)”.

3. Chinese and Laos Word Alignment

Word alignment is a very important concept in statistical machine translation. An
example of the word alignment between a Chinese sentence and a Laos sentence is shown
in Figure 1.

L3 = L HJ JLTF

maod U angae 299 (29

Figure 1. Example of Word Alignment

In this example, there are 5 pairs of words have to be aligned: ms/‘)o;iin( K
PH)ccw | D(%)Qmna‘;@()h?)asg(ﬁ’»})cah‘)(ﬁﬁ). In this paper, the Chinese - Laos
sentence on word alignment can be expressed as foIIows:(myf)o;iiQ €Y V2 . N

299 c2n°)|[$’a‘éjﬁ(l);%(2)ﬁt(5)E‘J(4))L¥(3)). The figures behind the Chinese words
indicate the position of the aligned words in Laos sentence (e.g., “JL+(3)” means that the

word )7 is aligned with the third word “2  97®” in the Laos sentence.). In this

paper, we use the open source tool GIZA++ [7] to deal with the word alignment of
Chinese-Laos parallel sentence pairs. The accuracy of word alignment result we got was
45.37%, so we need to adjust the result manually. The workload is about 400 thousand
words and finally we get the parallel sentence pairs which have been word aligned with
high quality. GIZA software package was first realized by The Johns Hopkins University
machine translation summer camp, after that, Och et al. optimized the GIZA software
package and called it GIZA++. GIZA++ realized the 5 machine translation model
proposed by IBM Company, its main idea is to use bilingual parallel corpus to carry out
word alignment training and finally gets the result of the word alignment. Today, GIZA++
is still the core component of most statistical machine translation systems, and has a wide
range of applications in terms of word alignment.

4. Chinese Dependency Parsing

The mission of syntactic parsing is to derive the syntax structure of the sentence
automatically according to given grammars. At present, the research of syntactic parsing
mainly includes phrase structure grammar and dependency grammar. The phrase structure
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tree consists of three symbols (i.e., the terminator, the non-terminal and the phrase mark)
which are constituted with specific grammatical rules. In phrase structure grammar, some
terminals constitute a phrase and act as non-terminals to involve in the next reduction
until the whole sentence has been reduced to a root node. In dependency grammar, the
predicate verb which is not affected by any other components is considered as the center
to control other ingredients, and all the dominated parts are subordinated to their
dominants in a certain dependency relation. From the above, we can see that dependency
grammar has gradually become the research topic of today's researchers because of simple
form, easy to label, convenient and so on.. So the research of dependency grammar has
been carried out in many languages. In this paper, we use the dependency grammar as the
grammar system of syntactic parsing [8]. A Chinese dependency syntax tree is shown in
Figure 2.

HED VOB
ATT
SEV RAD ATT ATT
@ ¥ NN/ T PEEERNY SN
Root S0 1 ELRH it g T B 1% H

Figure 2. Structure of Chinese Dependency Tree

From Figure 2, we can see that the expression form of dependency grammar is simple
and easy to be understood. Dependency grammar is a direct representation of the
relationship for words, and there is no additional syntax notation. So even non-
professional people are quite easy to understand the syntax form, this is very beneficial to
the construction of Treebank. The main semantic relations between Chinese and Laos are
similar. Chinese dependency parsing is the premise of Laos dependency Treebank
construction. According to the structural characteristics and semantic relations of Laos
and to avoid the data sparse problem, this paper defines the dependency relations as
shown in Table 1. The experiment mainly based on the 14 main dependency relations in
the table.
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Table 1. Laos Dependency Relations

Type of relationship Description Example

SBV subject-verb Wirfh—A+ G <— 18)
VOB verb-object, direct-object | Fikfh—A45 (% —> 4)
0B indirect-object Wirfh—AH X —> i)
FOB fronting-object flft A KR H iz KR <— 12)
DBL Double g ARAZR (W —> FK)
ATT Attribute N U <)
ADV Adverbial EHMT FEHE < 7))
CMP Complement We5e TR (lz —> 58)
CO0 Coordinate KA CRBR —> 1)
POB preposition-object EHER (E — H)
LAD left adjunct KRG AL (1 <~ Hdhis)
RAD right adjunct 241 (F% —> 4D

IS independent structure PN R E S 7 AR ST
HED Head REEAA) TR

5. The Mapping from Chinese to Laos Syntax Tree

Based on the aforementioned Chinese-Laos word alignment and the Chinese syntax
analysis, the next task is mapping the dependency relationship from Chinese to Laos.
Then the Laos dependency syntax tree is generated according to Chinese dependency
syntax tree and the relationship between Chinese and Laos word alignment. Although the
word order in Laos sentence is different with that in the Chinese sentence, the dependency
relation is just the same. So we can directly map the Chinese sentence dependency
relation to the Laos sentence, the specific method is shown in the following example.

Laos: ¢ 9¢2 9¢s 0odne

st o wre | (1-1)

Chinese: 1t ({84 78 ) #% Hi, & T4 (His mother works in a radio station) (1-2)
After word alignment, the result is:
Laos: ¢ca  a(1)ca” 2(2)cs 00dn@)e . (43t o wze  (5) (2-1)

Chinese: 1 (2) 5 (1)7E(4)) #E H. 5 (5) T1E(3) (2-2)

In Sentence (2-1) and (2-2), the words with the same number in the brackets behind

them mapped with each other. After syntactic parsing for the Chinese sentence, we get the
syntactic parsing tree, as shown in Figure 3.
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SEV

Root  filt #9 Lo £ JTHEH A TAE
Figure 3. Dependency Tree of Chinese Sentences

The combination of the Laos grammatical features, and the generation of dependency
parsing tree of the Laos sentence based on the previous word alignment and the Chinese
dependency parsing tree are shown in Figure 4. The dependency relation is not affected

although the position of word “cs 00ON” in the Laos sentence is not consistent with

word “L{E” in the Chinese sentence. After the study of Laos and Chinese grammar
structure, it is found that the dependence structure of the two languages is equivalent. So
we can generate the Laos dependency parsing tree by mapping the dependency relation of
Chinese sentence directly to the Laos sentence. However, the ambiguity is generated
considering the differences of these two languages. As the word alignment shown in
Figure 4, the word “[fJ” in the Chinese sentence has no mapping object in the Laos
sentence. The analysis of the Laos sentence is not affected because the dependency
relation of the Laos sentence has been clearly analyzed.

Some words in the Laos language correspond to a Chinese phrase. This paper
summarizes a special Laos dictionary, as shown in Table 2. This dictionary contains 113
words and each Laos word corresponds to a Chinese phrase. Except these relatively
special Laos words, the other Laos words and Chinese words are basically mapped with
each other.

- -— = =y
Root (S0 L= t=agn el SET|N00NEL)

Figure 4. The First Way to Generate Laos Dependency Tree

In the experiment, the dependency relation of these special Laos words is determined
according to the key words in Chinese phrases. This paper stipulates that the key word of
Chinese phrase is the root node of the phrase in the dependency tree. For example, we use

the Laos word ‘29t L” to make a map, the word “qorsy U” means “IT HLiE
(make a call)” in Chinese. The result is shown in Figure 5.
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Table 2. The Comparison of Chinese Phrases in Laos Words

Special Laos Chinese

words phrase
tnors L FTHL G
n own” | MdEF
8000

avn vLe | DEEEK
22vam , e S
i
SO0 AR

ROOT &9 DN Yo
Figure 5. The Second Way to Generate Laos Dependency Tree

In Figure 5, the special Laos word Loy v’ corresponds to the Chinese phrase “fJ
H 15~ , both the dependency node and the dependency relationship of the word

“WWnarey L are the same with the key word “47” in Chinese phrase “fT Fi%” . After the

comparative study of Chinese sentences and Laos sentences, we found that the
dependency relationships and dependency nodes of most special Laos words are
consistent with the corresponding Chinese phrases. So we can identify the dependency
nodes and dependency relationships of the special Laos words through the key word in
Chinese phrases.

6. Experiment and Interpretation of the Result

6.1. Experimental Data

Experimental data is the news from international channel on 7 news sites. These sites
cover the major mainstream news sites and contain news with sports, politics,
entertainment, military and other aspects, therefore, we can ensure the diversity of the
experimental data.
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6.2. Evaluation Method

The evaluation index of sentence dependency parsing contains Unlabeled Attachment
Score(UAS), Labeled Attachment Score(LAS), Root Accuracy(RA). The definition is as
follows.

UAS = e LAs = N RA = N
N N

S
N is the number of words in the test corpus. The dependency relation of all words is
represented by the triad (Word, Headword, Relation). The “Word” stands for word itself,

the “Word” is dependent on “Headword” with the relation of “Relation”. Na js the
number of the words which their “Headword” are right. Nal js the number of the words
which their “Headword” and “Relation” are both right. Ns js the number of the sentences.
Nsr stands for the number of the sentences which their root nodes are right.

6.3. Result Analysis

The test corpus contains 30,000 pairs of sentences. This paper use Harbin Institute of
Technology's LTP [9] platform to complete the work of Chinese dependency parsing.
First, this paper adjusts the Label set to meet the requirements of the experiment and the
characteristics of Laos, then generates dependency Treebank by the Chinese-Laos
mapping. The following are the experimental results when the Statistical quantities are
10000, 20000, 30000, respectively. As shown in Table 3.

Table 3. The Experimental Result of Building Laos Dependency Treebank by
Using Chinese as a Medium

Corpus number | UAS% | LAS% | RA%

10,000 72.13 70.27 | 80.93
20,000 75.36 7351 | 84.31
30,000 76.22 73.34 | 84.64

At the same time, this paper use the MaltParser [10] and the MSTParser [11] to realize
the machine learning modeling with an initial set contains 5000 manually labeled Laos
sentences, then generate the dependency tree model. After that, the dependency tree
model is applied to expand the Laos sentences. In the experiment, 30000 Laos sentences
were expanded. The dependency Treebank is generated by this methods based on the
statistical machine learning, then applied to compare with the experimental method of
building Laos Dependency Treebank by using Chinese as a medium. The results of the
experiment are shown in Table 4.
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Table 4. Comparison of Other Methods and the Method of This Paper

Method UAS% | LAS% | RA%
MaltParser 73.13 69.31 81.26
MSTParser 72.65 70.68 79.93

The means of Chinese-Laos
Bilingual Corpus of Word 76.22 73.34 | 84.64
Alignment

From Table 3 and Table 4, it can be seen that compared with the methods of machine
learning the accuracy of method in this paper is obviously improved when the Laos
corpus is relatively small. In the case of the scarcity of Laos corpus, machine learning
methods can’t generate an excellent dependency tree model, but the rule based mapping
method is not affected by this.

Laos language structure is similar with Chinese language structure to a certain extent,
but also has its special language characteristics. So on the basis of Chinese dependency
Treebank we can use the rule based mapping method to generate the Laos dependency
Treebank. This can avoid the manual tagging process of the Laos corpus, and can get
higher accuracy than the machine learning under the condition of relatively few corpus.
Through the analysis of error cases, we find that the performance of this method is very
good to deal with the short sentence but its treatment effect of long sentences is relatively
poor. It is attributed to the complex structure of the long sentence and the difference
between these two languages, which are still needed to be investigated combing with the
analysis of language structures in a deeper level. There is also a part of the error caused by
the wrong results of the Chinese dependency automatic analysis.

7. Conclusion

This paper proposes a construction method of the Laos dependency Treebank based on
the word alignment between Chinese and Laos. This method avoids the process of
manually labeling Laos dependency Treebank. In the case of the scarcity of Laos corpus,
machine learning methods can’t generate an excellent dependency tree model, but the rule
based mapping method is not affected by this. Compared with the traditional statistical
machine learning method, this method is simpler, and the accuracies of UAS, LAS and
RA are respectively increased by 3.57%, 4.03% and 4.71%. In the next step of research,
we will study the dependency relation of the long sentences and the differences between
the two kinds of languages. At the same time, we will adjust the Chinese dependency
structure, and constantly improve the accuracy of Chinese dependency Treebank,
automatically build high quality Laos Dependency Treebank finally. After solving the
problem of the resource scarcity of Laos dependency Treebank construction, we will carry
out the experimentation of the Laos dependency Treebank construction based on the
alignment relationship between different languages and Laos, and compare them with the
Laos dependency Treebank constructed by the mapping of Chinese to Laos. Finally We
will realize the Laos dependency Treebank's construction experiment combing with the
alignment characteristics between several languages and Laos.
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