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Improving Viethamese Dependency Parsing using
Distributed Word Representations

Cam Vu-Manh
FPT University
Hanoi, Vietnam

camvm930gmail.com

ABSTRACT

Dependency parsing has become an important line of re-
search in natural language processing in recent years. This
is due to its usefulness in a wide variety of real world ap-
plications. This paper presents the improvement of Viet-
namese dependency parsing using distributed word repre-
sentations. Our parser achieves an accuracy of 76.29% of
unlabelled attachment score or 69.25% of labelled attach-
ment score. This is the most accurate dependency parser
for the Vietnamese language in comparison to others which
are trained and tested on the same dependency treebank.
The distributed word representations are produced by two
recent unsupervised learning models, the Skip-gram model
and the GloVe model. We also show that distributed rep-
resentations produced by the GloVe model are better than
those produced by the Skip-gram model when being used
in dependency parsing. Our dependency parsing system, in-
cluding software, corpus and distributed word representa-
tions, is released as an open source project, freely available
for research purpose.

Keywords

dependency parsing, distributed word representations, skip-
gram, glove, natural language processing; Vietnamese

Categories and Subject Descriptors

1.2.7 [Natural Language Processing]: language parsing
and understanding, text analysis

1. INTRODUCTION

Dependency parsing has become an important line of re-
search in natural language processing (NLP) in recent years.
This is due to its usefulness in a wide variety of real world
applications of NLP, for example, machine translation [4],
question and answering [5], sentiment analysis [26]. . .

The objective of dependency parsing is to find a depen-
dency representation of a sentence. In this representation,
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the syntactic structure of a sentence is modeled by a depen-
dency graph, which represents each word and its syntactic
modifiers through labelled directed arcs, where each arc la-
bel comes from a finite set representing possible syntactic
roles. Figure [Il shows the dependency analysis of a Viet-
namese sentence. In this example, the dependency relation
from the finite verb vao (enter) to t8i (I) labelled psubj in-
dicates that t&1i is the pronominal subject of the finite verb.
An artificial word ROOT has been inserted (not shown in
the figure), serving as the unique root of the graph. This is
a standard device that simplifies both theoretical definitions
and computational implementations.

Hing ngay t6i vAn vao thip huong don_dep
R N P R v ') N ')
1 2 3 4 5 6 7 8

Figure 1: Syntactic dependency structure tree.

Dependency parsing using feature-based discriminative sta-
tistical parser has seen enormous success in recent years.
Most of the parsers use millions of indicator features [11]
and hence suffer from the problem of feature sparseness.
From a statistical perspective, their corresponding parame-
ters are poorly estimated because there is insufficient data to
correctly estimate such parameters. To alleviate this prob-
lem, higher-support features such as word classes have been
incorporated to improve parsing performance [7]. However,
these parsers are still not perfect in terms of both speed and
efficiency.

In this work, we overcome this drawback by using dense
features of distributed word representations, also called word
embeddings. We present a good dependency parser for the
Vietnamese language by integrating distributed representa-
tions of words into a transition-based parsing system. Our
parsing system achieves an accuracy of 76.29% of unlabelled
attachment score or 69.25% of labelled attachment score.
The distributed word representations are produced by two
recent unsupervised learning models, the Skip-gram [13] model
and the GloVe model [23].

Our main contributions in this paper are:

e First, we develop of a state-of-the-art dependency parser
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on the Vietnamese Dependency Treebank [19];

e Second, we give an empirical study on using distributed
word representations in a transition-based dependency
parser. We show that distributed representations pro-
duced by the GloVe model are better than those pro-
duced by the Skip-gram model;

e Third, our dependency parsing system, including the
corpus and the parser, is released as an open source
project for Vietnamese NLP community, available for
free use for research purpose.

The remainder of the paper is structured as follows. Sec-
tion [2 gives some background knowledge, including a brief
introduction to dependency parsing and distributed word
representations. Next, Section [3]describes in detail the tech-

niques used in our dependency parser. Then, Section [l presents

the experiments and evaluation results. Finally, Section
concludes the paper and suggests some directions for future
work.

2. BACKGROUND

In this section, we give a brief overview of dependency
parsing methods and distributed word representations.

2.1 Dependency Parsing

Most statistical dependency parsers developed recently
use the data-driven approach, which are trained on an an-
notated dependency corpus of a language. Current depen-
dency parsers can be categorized into four families [6]. The
first family is local-and-greedy transition-based parser, for
example MaltParser [2I]. The second family is globally op-
timized graph-based parsers, for example MSTParser [12].
The third family is hybrid systems, for example [22] or [24]
which combine various parsers. The fourth family is non-
directional easy-first parsing [6].

The parser developed in this paper belongs to the first
family, that is, it is a transition-based parser. This parser is
described in detail in the next subsection [3.1

2.2 Distributed Representations

In most NLP tasks, the words are usually encoded as sym-
bolic identifiers which are drawn from a vocabulary. There-
fore, they are often represented by one-hot vectors (also
called indicator vectors) of the same length as the size of
the vocabulary. This representation suffers from two ma-
jor problems. The first problem is data sparseness, that is,
the parameters corresponding to rare or unknown words are
poorly estimated. The second problem is that it is not able
to capture the semantic similarity between closely related
words. This limitation of the one-hot word representation
has motivated unsupervised methods for inducing word rep-
resentations over large, unlabelled corpora.

Recently, distributed representations of words have been
shown to be advantageous in many natural language pro-
cessing tasks. A distributed representation is dense, low di-
mensional and real-valued. Distributed word representations
are called word embeddings. Each dimension of the embed-
ding represents a latent feature of the word which hopefully
captures useful syntactic and semantic similarities [25].

Word embeddings are typically induced using neural lan-
guage models, which use neural networks as the underlying
predictive model. Historically, training and testing of neural

language models has been slow, scaling as the size of the
vocabulary for each model computation [I]. However, many
approaches have been recently proposed to speed up the
training process, allowing scaling to very large corpora |16
3, [151 13].

Another method to produce word embeddings has been
introduced recently by the NLP group at the Stanford uni-
versity [23]. They proposed a global log-bilinear regression
model that combines the advantages of the two major model
families in the literature: global matrix factorization and lo-
cal context window methods.

We present in the subsections and [33] how we use a
neural language model and a global log-bilinear regression
model, respectively, to produce word embeddings for Viet-
namese which are used in this study.

3. METHODOLOGY

In this section, we describe the core components of our
dependency parsing system, including the arc-eager parsing
algorithm, the Skip-gram model and the GloVe model.

3.1 Arc-eager Parsing Algorithm

In 2003, Nivre presented the arc-eager algorithm [20], which
is an efficient algorithm for projective dependency parsing.
In an arc-eager system, a configuration ¢ = (o, 3, A) consists
of a stack o, a buffer B and a set of dependency arcs A.
The initial configuration for a sentence s = w1, w2, ..., Wwn
is 0 = [root], 8 = [wi,...,w,] and A = 0. A configuration
c is terminal if the buffer is empty and the stack contains
a single element root. We use the notation v|3 to indicate
that the first element of the buffer is the word v; the no-
tation o|u to indicate that the top element of the stack is
the word u; and A. = {(z,y)} where z,y are words of a
sentence being parsed to indicate the set of dependency arcs
of a configuration c.

The arc-eager parsing algorithm defines four types of tran-
sitions as shown in Table[2l In the labelled version of parsing,
there are in total |7 | = 2N; + 2 transitions where NV; is the
number of different arc labels. The preconditions of the four
transition types are explained as follows:

e The precondition of LEFT-ARC u < v is that there
does not exist any arc coming to wu; in other words, u
has not been a dependent of another word. After this
transition, the parsing of u is done and popped from
the stack.

e The precondition of RIGHT-ARC u — wv is that there
does not exist any arc coming to v. After this transi-
tion, the word v is pushed onto the stack to consider
next word. Note that there can be multiple arcs coming
out of u.

e The REDUCE transition pops the stack and presupposes
that the top element has already been attached to its
head in a previous RIGHT-ARC transition.

e The SHIFT transition extracts the first element of the
buffer and pushes it onto the stack. This transition
does not require any precondition.

Figure B illustrates an example of one transition sequence
from the initial configuration to a terminal one.

The arc-eager parsing algorithm is deterministic which de-
fines an incremental left-to-right parsing order. A crucial
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| Name | Operation | Precondition |
LEFT-ARC | (o]u,v|B, A) = (0,v|8, AU {(v,u)}) Ak (k,u) € A
RIGHT-ARC | (o]u,v|B8, A) = (olulv, B, AU{(u,v)}) | Bk: (k,v) € A
REDUCE (o|u,B,A) = (0,8,A) Fv:(v,u) € A
SHIFT (o,v|B,A) = (o|v, 8, A)

Figure 2: Four transition types of the arc-eager parsing algorithm.

[ Transition [ Stack | Input [ A ]
[root] [Hing,ngay,t61i,vAn,vao, thip,huong,don_dep] 0
SHIFT [root,Hing] [ngay,tdi,vln,vao,thip,hudng,don_dep]
LEFT-ARCqadvmodb [root] | [ngay,tdi,vln,vao,thip,huong,don_dep] +advmodb(ngay,Hing)
SHIFT [root,ngay] [t6i,vAn,vao, thip,huong,don_dep]
SHIFT [root,ngay,tdil [v&n,vao,thip,hudng,don_dep]
SHIFT [root,ngay,t6i,van] [vao,thip,huong,don_dep]

LEFT-ARCqadvmodb [root,ngay,tdi]
LEFT-ARCpsubj [root,ngay]
LEFT-ARCtmod [root]
RIGHT-ARCyroot [root,vao]
RIGHT-ARCayy [root,vao, thip]
RIGHT-ARCgob; [root,vao,thip,hudng]
REDUCE [root,vao, thip]
RIGHT-ARCcon j [root,vao,thdp,don_dep] | []

[vao,thip,huong,don_dep]
[vao,thip,huong,don_dep]
[vao,thip,huong,don_dep]
[thdp,hudng,don_dep]
[huong,don_dep]

[don_dep]

[don_dep]

+advmodb(vao,vén)
+psubj(vao,tdi)
+tmod(vao,ngay)
+root(root,vao)
+vv(vao,thip)
+dobj(thip,huong)

+conj(thip,don_dep)

Figure 3: Nivre arc-eager dependency parsing example

component of such an algorithm is a statistical classifier
which maps each parser configuration to a transition. This
classifier is usually induced from a treebank by a machine
learning method.

3.2 Skip-gram Model

We use word embeddings produced by Mikolov’s contin-
uous Skip-gram model using the neural network and source
code introduced in [14]. The continuous skip-gram model
itself is described in details in [13

For our experiments we used a continuous skip-gram win-
dow of size 2, i.e. the actual context size for each training
sample is a random number up to 2. The neural network uses
the central word in the context to predict the other words,
by maximizing the average conditional log probability

T c
% Z Z log p(we+j|we),

t=1j=—c

where {w; : ¢ € T'} is the whole training set, w; is the central
word and the w¢y; are on either side of the context. The
conditional probabilities are defined by the softmax function

exp(0q ib)

> exp(ogis)’
weV

p(alp) =

where i, and o, are the input and output vector of w respec-
tively, and V is the vocabulary. For computational efficiency,
Mikolov’s training code approximates the softmax function
by the hierarchical softmax, as defined in [16]. Here the hi-
erarchical softmax is built on a binary Huffman tree with
one word at each leaf node. The conditional probabilities
are calculated according to the decomposition:

1
plalp) = [ p(di(a)ldi(a)...di-1(a),b),
i=1
where [ is the path length from the root to the node a, and
di(a) is the decision at step i on the path (for example 0 if
the next node the left child of the current node, and 1 if it

is the right child). If the tree is balanced, the hierarchical
softmax only needs to compute around log, |V| nodes in the
tree, while the true softmax requires computing over all V|
words.

The training code was obtained from the tool word2ved]
and we used frequent word subsampling as well as a word
appearance threshold of 5. The output dimension is set to
50, i.e. each word is mapped to a unit vector in R®®. This
is deemed adequate for our purpose without overfitting the
training data. Figure [ shows the scatter plot of some Viet-
namese words which are projected onto the first two prin-
cipal components after performing the principal component
analysis of all the word distributed representations. We can
see that semantically related words are grouped closely to-
gether.

3.3 GloVe Model

In 2014, Pennington et al. [23] introduced the global vec-
tor model for learning word representations (GloVe). Simi-
lar to the Skip-gram model, GloVe is a local context window
method but it has the advantages of the global matrix fac-
torization method.

The main idea of GloVe is to use word-word occurrence
counts to estimate the co-occurrence probabilities rather
than the probabilities by themselves. Let P;; denote the
probability that word j appear in the context of word ;
w; € R? and w; € R? denote the word vectors of word i and
word j respectively. It is shown that

w; w; = log(Pi;) = log(Ci;) — log(C),

where C'j; is the number of times word j occurs in the con-
text of word .

It turns out that GloVe is a global log-bilinear regres-
sion model. Finding word vectors is equivalent to solving a
weighted least-squares regression model with the cost func-

Thttp://code.google.com /p/word2vec/
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Figure 4: Some Vietnamese words produced by the
Skip-gram model, projected onto two dimensions

tion:

T =Y [(Cis)(ww; +bi +b; —1og(Ciy))?,
i,5=1
where n is the size of the vocabulary, b; and b; are additional
bias terms and f(Cy;) is a weighting function. A class of

weighting functions which are found to work well can be
parameterized as

fla) = {1(“)& if & < max

otherwise

The training code was obtained from the tool Glovda and
we used a word appearance threshold of 2,000. Figure
shows the scatter plot of the same words in Figure[d] but this
time their word vectors are produced by the GloVe model.

4. EXPERIMENTS

In this section, we first introduce the datasets used in
this study and the evaluation methods. Next, we present
the baseline performance obtained by MaltParser. Finally,
we present and discuss our improved result.

4.1 Datasets

We use two datasets in our system. The first dataset is a
text corpus which is used to produce the distributed word
representations. The second dataset is a Vietnamese depen-
dency treebank.

4.1.1 Text Corpus

To create distributed word representations, we use a dataset
consisting of 7.3GB of text from 2 million articles collected

Zhttp://nlp.stanford.edu/projects/glove/
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Figure 5: Some Vietnamese words produced by the
GloVe model, projected onto two dimensions

through a Vietnamese news portalﬁ The text is first nor-
malized to lower case and all special characters are removed
except these common symbols: the comma, the semicolon,
the colon, the full stop and the percentage sign. All nu-
meral sequences are replaced with the special token <num-
ber>, so that correlations between certain words and num-
bers are correctly recognized by the neural network or the
log-bilinear regression model.

Each word in the Vietnamese language may consist of
more than one syllables with spaces in between, which could
be regarded as multiple words by the unsupervised models.
Hence it is necessary to replace the spaces within each word
with underscores to create full word tokens. The tokeniza-
tion process follows the method described in [10].

After removal of special characters and tokenization, the
articles add up to 969 million word tokens, spanning a vocab-
ulary of 1.5 million unique tokens. We train the unsupervised
models with the full vocabulary to obtain the representation
vectors, and then prune the collection of word vectors to the
5,000 most frequent words, excluding special symbols and
the token <number> representing numeral sequences.

4.1.2 Dependency Treebank

We conduct our experiments on the Vietnamese depen-
dency treebank dataset [19]. This treebank is derived au-
tomatically from the constituency-based annotation of the
VTB treebank [18], containing 10,471 sentences (225,085
tokens). We manually check the correctness of the conver-
sion on a subset of the converted corpus to come up with a
treebank of 2, 700 sentences, containing 34, 887 word tokens.

4.2 Evaluation Methods

There are three methods for evaluating dependency parsers,
namely attachment scores, exact match and precision /recall [§].

#http://www.baomoi.com
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Algorithm Data Word Sentence
Test UAS LAS UAS LAS
Nivre Test | 75.82 | 69.61 | 77.58 | 70.98
arc-eager Train | 89.22 | 86.19 | 90.13 | 86.81
Nivre Test | 74.07 | 68.43 | 76.06 | 70.41
arc-standard | Train | 86.47 | 82.42 | 87.66 | 83.60
Stack Test | 74.15 | 68.53 | 76.13 | 70.49
projective Train | 86.47 | 82.40 | 87.66 | 83.59
Covington Test | 75.23 | 69.22 | 77.04 | 70.65
projective Train | 87.67 | 84.71 | 88.76 | 85.49

Table 1: Accuracy of projective parsing algorithms
in MaltParser for Vietnamese

In this paper, we use two attachment scores, labelled attach-
ment score (LAS) and unlabelled attachment score (UAS) to
evaluate the accuracy of our parser. Attachment scores are
defined as the percentage of correct dependency relations
recovered by the parser. A dependency relation is consid-
ered correct if both the source word and the target word are
correct (UAS); plus the dependency type is correct (LAS).

These attachment scores can be computed at two levels,
word level or sentence level. For example, if the corpus has
only two sentences of 12 relations and 10 relations. The
parser is able to identify correctly 9 relations of the first
sentence and 7 relations of the second sentence[] Then, the
LAS at the word level is defined as

9417
12+ 10
and the LAS at the sentence level is defined as

LAS, =

2
We use cross validation technique to evaluate the accuracy
of the parser. The dependency treebank is divided into 10
subsets, each contains 270 sentences. In each run, 9 subsets
are used for training and 1 subset is used for testing. The
final accuracy of the parser is the average accuracy over 10
runs.

4.3 Using MaltParser for Vietnamese Parsing

MaltParserl] is a system for data-driven dependency pars-
ing which is categorized as a local-and-greedy transition-
based parser. This parser is robust, efficient and accurate
parsing for numerous occidental languages with rather lim-
ited amount of training data.

MaltParser implements nine parsing algorithms. Since the
Vietnamese dependency treebank contains only projective
dependency trees, we focus ourselves on experimenting with
four algorithms for projective parsing, including Nivre arc-
eager algorithm, Nivre arc-standard algorithm, stack pro-
jective algorithm, and Covington projective algorithm. The
accuracy of these algorithms on the training set and test set
is shown in Table [l We use the default values for param-
eters of MaltParser. The best accuracy is marked in bold
font.

We see that the Nivre arc-eager algorithm has the highest
accuracy, of 75.82% (UAS) or 69.61% (LAS). Therefore, we

“In projective dependency parsing, the number of depen-
dency relations of a sentence is equal to its number of words,
excluding the dummy root word.

Shttp://maltparser.org

Feature Set | Feature Templates
D, Po, w(o0), w(Bo), w(B1), w(h(oo))
B2 | o, 5(00), 5(5a), (A1), 5(h(00))
[OX O U Dy
Dy ®0, 9(00), 9(Bo), 9(B1), g(h(00))
D5 P U Dy
b P UP,UDy

Table 2: Feature sets

will use this accuracy as the baseline for our system. How-
ever, the current implementation of MaltParser does not
provide an easy way to integrate real-valued features into
the algorithms. Therefore, instead of reusing MaltParser, we
reimplement the Nivre arc-eager parsing algorithm and de-
velop our own parser. Similar to MaltParser, we use LibLin-
ear libraryﬁ in our classifier. The integration of distributed
word representations into the parser is presented in the next
subsection.

4.4 Integrating Distributed Representations

In Nivre arc-eager parsing algorithm (and others), train-
ing data for the transition classifier were generated by pars-
ing each sentence in the training set using the gold-standard
dependency graph. For each parser configuration ¢ and tran-
sition f(c) in the gold parse, a training instance (¢(c), f(c))
was created, where ¢(c) is the feature vector representation
of the parser configuration c.

Table[2 shows the feature templates used for the classifier.
We use the notation #¢; to denote the ith element of the stack
or buffer ¢, with ¢o for the first element (top element of the
stack o or the first element of the buffer 3). The function
w(-) extracts the word. The functions s(-) and g(-) extract
the distributed representation of the word produced by the
Skip-gram and the GloVe model, respectively. The base fea-
ture set ®¢ consists of the following feature templates:

1. Part-of-speech tags of tokens on the buffer and stack:
t(00)7 t(01)7 t(50)7 t(ﬁl)v t(/BQ)

2. Relation of the top token on the stack: dep(oo)
3. Left relation of the top token on the buffer: Idep(8o)

4. Left and right relation of the top token on the stack:
ldep(oo), rdep(cq)

5. Joint features: t(oo) + t(Bo), t(co) + w(Bo),t(Bo) +
ldep(Bo)
t(ao)+t(o1)+t(Bo), t(c0) +dep(Bo), t(o0)+t(Bo)+t(B1)
t(Bo) + t(B1) + t(B2),t(c0) + ldep(oo) + rdep(oo)

The accuracy of our parsing system with different fea-
ture sets is shown in Table Bl The feature set ®; consists
of the features defined in ®g, plus the four indicators word
features: the top word on the stack, the first and the sec-
ond word on the buffer, and the head word of the top word
on the stack. The feature set ®> consists of the features de-
fined in ®¢ like @1, but replaces indicator word features with
their corresponding distributed representations produced by
the Skip-gram model. The feature set ®3 consists of all fea-
tures defined in ®; and ®3. The feature set ®4 is similar
to @2 but replacing the distributed representations of the

Chttp://www.csie.ntu.edu.tw/ " cjlin/liblinear/
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Word Sentence
Feature | Data test UAS TAS TAS TAS
@, Test 72.33 | 62.59 | 74.06 | 64.22
Train 79.90 | 72.55 | 81.46 | 74.08
@, Test 75.34 | 68.33 | 76.87 | 69.83
Train 91.23 | 88.91 91.94 | 89.61
@, Test 74.75 | 67.68 | 76.49 | 69.37
Train 84.04 | 79.66 | 85.44 | 81.08
@, Test 75.94 | 68.92 | 77.44 | 70.39
Train 92.09 | 90.08 | 92.75 | 90.74
o, Test 74.77 | 67.78 | 76.59 | 69.47
Train 85.04 | 79.86 | 86.44 | 82.08
o, Test 76.29 | 69.25 | 77.71 | 70.67
Train 92.11 | 90.08 | 92.76 | 90.73
B Test 76.10 | 69.01 | 77.72 | 70.59
Train 92.64 | 90.80 | 93.39 | 91.58

Table 3: Accuracy of our dependency parser

Skip-gram model by those produced by the GloVe model.
®5 consists of all features defined in ®; and ®4. Finally, ®s
is the most complete feature set, containing all the indicator
and distributed features.

4.5 Discussion

We see that distributed word representations, either pro-
duced by the Skip-gram model or by the GloVe model help
improve the parsing accuracy. In particular, the feature sets
®3 and P5 both give a better result than the feature set
®y; for example, 75.94% (Ps UAS,) or 76.29% (Ps UAS.),
compared to 75.34% (®1 UASw).

We also see that the distributed representations produced
by the GloVe model is superior than those produced by the
Skip-gram model. The difference of accuracy between fea-
ture sets ®3 and ®5 is about 0.35%. In the original work
of the GloVe model, it has been shown to outperform the
Skip-gram model on word similarity tasks and named en-
tity recognition. In this work, we have shown that it also
outperforms the related model on dependency parsing.

The accuracy of the feature set ®5 is roughly 1.00% better
than the accuracy of ®;. This indicates that the indicator
features and the distributed features can work well together.

The accuracy of our parser is slightly inferior than that of
MaltParser on the same feature set, for example on @1, we
achieve 75.34%, compared to 75.82% of UAS,,. This may
be due to some advanced optimization technique used in
MaltParser. However, when distributed word features are
integrated, our parser outperforms MaltParser by a margin
of 0.47% of UAS,,.

Compared to existing works on the dependency parsing of
Vietnamese, our result is about 3% better than the parser
presented in [19], in both UAS or LAS. However, this is only
a relative comparison since their parsing system is trained
and tested on different parts of the Vietnamese dependency
treebank of about 10,000 sentences, which are automatically
converted from VTB.

In 2014, Nguyen et al. [I7] presented an empirical study of
dependency parsing for Vietnamese. As in the work above,
they use MaltParser and MSTParser on a Vietnamese de-
pendency treebank which is converted automatically from
VTB. They report the best accuracy of 77.37% of UAS,,
with the MaltParser. However, their results are not directly

comparable with ours, since the datasets and the annotation
schema (i.e., dependency types) are not the same.

The most closely related work to this work is [9]. In that
work, the authors reported a preliminary investigation of
the usefulness of distributed word representations in Viet-
namese dependency parsing. Nevertheless, they only em-
ployed the distributed word representations produced by
the Skip-gram model and experimented with some restricted
feature sets. Therefore, their accuracy is modest compared
to ours, 57.65% of F} score.

Our parsing system, including the parser, the dependency
corpus and the distributed word representations, is released
as an open-source toolkit and is freely available for research
purposem We believe that this resource will be useful for the
Vietnamese speech and language processing community.

S. CONCLUSION

In this paper, we have presented a dependency parser for
Vietnamese which is the most accurate, compared to other
dependency parsing systems on the same dependency tree-
bank published so far, of 76.29% of UAS,, and 69.25% of
(LASw). This result is achieved by integrating distributed
word representations into a statistical classifier, which is
then used in the Nivre arc-eager parsing algorithm. We use
two recent models to produce distributed representations,
the Skip-gram model and the GloVe model.

We have also shown that the GloVe model is better than
the Skip-gram model on producing word distributed repre-
sentations in dependency parsing. Although in this work, we
have investigated the usefulness of the distributed represen-
tations with Vietnamese only, we believe that they are also
useful for dependency parsing of other languages. This is a
direction of our future research.

We suppose that distributed word representations are not
only helpful for transition-based dependency parsing, but
they are also useful for other families of dependency parsers.
In a future work, we plan to investigate the integration of
distributed representations in graph-based dependency pars-
ing and easy-first non-directional dependency parsing.

Finally, a recent research has shown that feature embed-
dings could be helpful to address the feature sparseness
problem for dependency parsing [2]. We would like to ap-
ply the unsupervised learning models in feature space in a
future work.
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