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Preface

The Asia Information Retrieval Symposium (AIRS) was established by the Asian
information retrieval community after the successful series of Information Re-
trieval with Asian Languages (IRAL) workshops held in six different locations
in Asia, starting from 1996. While the IRAL workshops had their focus on infor-
mation retrieval problems involving Asian languages, AIRS covers a wider scope
of applications, systems, technologies and theory aspects of information retrieval
in text, audio, image, video and multimedia data. This extension of the scope
reflects and fosters increasing research activities in information retrieval in this
region and the growing need for collaborations across subdisciplines.

We are very pleased to report that we saw a sharp increase in the number of
submissions and their quality, compared to the IRAL workshops. We received
106 papers from nine countries in Asia and North America, from which 28 papers
(26%) were presented in oral sessions and 38 papers in poster sessions (36%).
It was a great challenge for the Program Committee to select the best among
the excellent papers. The low acceptance rates witness the success of this year’s
conference.

After a long discussion between the AIRS 2004 Steering Committee and
Springer, the publisher agreed to publish our proceedings in the Lecture Notes
in Computer Science (LNCS) series, which is SCI-indexed. We feel that this
strongly attests to the excellent quality of the papers.

The attendees were cordially invited to participate in and take advantage of
all the technical programs at this conference. A tutorial was given on the first
day to introduce the state of the art in Web mining, an important application
of Web document retrieval. Two keynote speeches covered two main areas of the
conference: video retrieval and language issues. There were a total of eight oral
sessions run, with two in parallel at a time, and two poster/demo sessions.

The technical and social programs, which we are proud of, were made possible
by the hard-working people behind the scenes. In addition to the Program Com-
mittee members, we are thankful to the Organizing Committee (Shao-Ping Ma
and Jianfeng Gao, Co-chairs), Interactive Posters/Demo Chair (Gary G. Lee),
and the Special Session and Tutorials Chair (Wei-Ying Ma). We also thank the
sponsoring organizations: Microsoft Research Asia, the Department of Systems
Engineering and Engineering Management at the Chinese University of Hong
Kong, and LexisNexis for their financial support, the Department of Computer
Science and Technology, Tsinghua University for local arrangements, the Chi-
nese NewsML Community for website design and administration, Ling Huang
for the logistics, Weiwei Sun for the conference webpage management, EONSO-
LUTION for the conference management, and Springer for the postconference



VI Preface

LNCS publication. We believe that this conference set a very high standard for a
regionally oriented conference, especially in Asia, and we hope that it continues
as a tradition in the upcoming years.

Sung Hyon Myaeng and Ming Zhou (PC Co-chairs)
Kam-Fai Wong and Hong-Jiang Zhang (Conference Co-chairs)
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Automatic Word Clustering for Text
Categorization Using Global Information

Chen Wenliang, Chang Xingzhi, Wang Huizhen, Zhu Jingbo, and Yao Tianshun

Natural Language Processing Lab
Northeastern University, Shenyang, China 110004
chenwl@mail.neu.edu.cn

Abstract. High dimensionality of feature space and short of training
documents are the crucial obstacles for text categorization. In order to
overcome these obstacles, this paper presents a cluster-based text cate-
gorization system which uses class distributional clustering of words. We
propose a new clustering model which considers the global information
over all the clusters. The model can be understood as the balance of
all the clusters according to the number of words in them. It can group
words into clusters based on the distribution of class labels associated
with each word. Using these learned clusters as features, we develop a
cluster-based classifier. We present several experimental results to show
that our proposed method performs better than the other three text
classifiers. The proposed model has better results than the model which
only considers the information of the two related clusters. Specially, it
can maintain good performance when the number of features is small
and the size of training corpus is small.

1 Introduction

The goal of text categorization is to classify documents into a certain number of
predefined categories. A variety of techniques for supervised learning algorithms
have demonstrated reasonable performance for text categorization[5](11](12]. A
common and overwhelming characteristic of text data is its extremely high di-
mensionality. Typically the document vectors are formed using bag-of-words
model. It is well known, however, that such count matrices tend to be highly
sparse and noisy, especially when the training data is relatively small. So when
the text categorization systems are applied, there are two problems to be counted:

— High-dimensional feature space: Documents are usually represented in a
high-dimensional sparse feature space, which is far from optimal for clas-
sification algorithms.

— Short of training documents: Many applications can’t provide so many train-
ing documents.

A standard procedure to reduce feature dimensionality is feature selection,
such as Document Frequency, x? statistic, Information Gain, Term Strength, and

S. H. Myaeng et al. (Eds.): AIRS 2004, LNCS 3411, pp. 1-11, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 W. Chen et al.

Mutual Information[13]. But feature selection is better at removing detrimental,
noisy features. The second procedure is cluster-based text categorization[1](2][3]
[10]. Word clustering methods can reduce feature spaces by joining similar words
into clusters. First they grouped words into the clusters according to their dis-
tributions. Then they used these clusters as features for text categorization.

In this paper, we cluster the words according to their class distributions.
Based on class distributions of words, Baker[1] proposes a clustering model.
In clustering processing, we will select two most similar clusters by comparing
the similarities directly. But Baker’s model only considers two related clusters,
when computing the similarity between the clusters without taking into account
the information of other clusters. In order to provide better performance, we
should take into account the information of all the clusters when computing
the similarities between the clusters. This paper proposes a clustering model
which considers the global information over all the clusters. The model can be
understood as the balance of all the clusters according to the number of words
in them.

Using these learned clusters as features, we develop a cluster-based Classifier.
We present experimental results on a Chinese text corpus. We compare our text
classifier with the other three classifiers. The results show that the proposed
clustering model provides better performance than Baker’s model. The results
also show that it can perform better than the feature selection based classifiers.
It can maintain high performance when the number of features is small and the
size of training corpus is small.

In the rest of this paper: Section 2 reviews previous works. Section 3 proposes
a global Clustering Model (globalCM). Section 4 describes a globalCM-based
text categorization system. Section 5 shows the experimental results. Finally, we
draw our conclusions at section 6.

2 Related Work

Distributional Clustering has been used to address the problem of sparse data
in building statistical language models for natural language processing[7][10].
There are many works(1][2] related with using distributional clustering for text
categorization.

Baker and McCallum|1] proposed an approach for text categorization based
on word-clusters. First, find word-clusters that preserve the information about
the categories as much as possible. Then use these learned clusters to represent
the documents in a new feature space. Final, use a supervised classification al-
gorithm to predict the categories of new documents. Specifically, it was shown
there that word-clustering can be used to significantly reduce the feature dimen-
sionality with only a small change in classification performance.
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3 Global Clustering Model Based on Class Distributions
of Words

In this section, we simply introduce the class distribution of words[1]. Then
we propose the Global Clustering Model, here we name it as globalCM. In our
clustering model, we define a similarity measure between the clusters, and add
the candidate word into the most similar cluster that no longer distinguishes
among the words different.

3.1 Class Distribution of Words

Firstly, we define the distribution P(C|w;) as the random variable over classes
C, and its distribution given a particular word w;. When we have two words w;
and w;, they will be put into the same cluster f. The distribution of the cluster
f is defined

P(C|f) = P(Clw; V ws)

. P('U.)t) w
G P(U}t) +P(w3) X P(C| t)
R &) e (1)

P(w;) + P(ws)

Now we consider the case that a word w; and a cluster f will be put into a
new cluster fpew. The distribution of freq is defined

P(C|fnew) = P(Clw V f)

__ P(w)
P(w:) + P(f)

P(f)
+ P B < PO @

x P(Clws)

3.2 Similarity Measures

Secondly, we turn to the question of how to measure the difference between two
probability distributions. Kullback-Leibler divergence is used to do this. The
KL divergence between the class distributions induced by w; and w; is written
D(P(C|w;)||P(C|ws)), and is defined

| i
L Z P(cj|lw:)log -gg—% : (3)

=1

But KL divergence has some odd properties: It is not symmetric, and it is
infinite when p(ws) is zero. In order to resolve these problems, Baker[1] proposes
a measure named "KL divergence to the mean” to measure the similarity of two
distributions(Here we name it as Spmean). It is defined
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P(w)
P(w;) + P(ws)

+ P(ws)
P(w;) + P(w,)

x D(P(Clw:)||P(Clws V wy))

x D(P(Clws)||P(Clws V wy)) - (4)

Smean Uses a weighted average and resolves the problems of KL divergence.
But it only considers the two related clusters without thinking about other
clusters. Our experimental results show that the numbers of words in learned
clusters, which are generated by Baker’s clustering model, are very different.
Several clusters include so many words while most clusters include only one or
two words.

We study the reasons of these results. When Equation 4 is applied in the
clustering algorithm, it can’t work well if the numbers of words in the clusters
are very different at iterations.

For example, we have a cluster f which include only a word(In Baker’s clus-
tering model, a new candidate word will be put into an empty cluster). We will
compute the similarities between f and the other two clusters(f; and f;) using
Equation 4. Let f; has many words(ie. 1000 words) and f; has one or two words.
We define:

____P{) A
= s x DIPCIIPC v )
P(fi) : '
+ el x DIP(CIRIPCIS v 1)
=(1-0a4)x Diy+ 0 X Di . (5)
____P() _
__PUy) . .
+ D x DIPCIRIPCIS YV 1)
=(1_aj)XDjl+anDj2. (6)

According to Equation 2, if a word is added to a cluster, the word will affect tiny
to the cluster which includes many words and affect remarkable to the cluster
which includes few words. So the distribution of f V f; is very similar to f;
because f; has many words and f has only one word. And then D;; is near zero.
o; is near 1 and (1 — ;) is near zero because the number of f; is very large than
f. We know:

Si ~ Dig ~0. (7)

So when we compute the similarities between f and the other clusters using
Equation 4, f will be more similar to the cluster which includes more words.



