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Preface

The 2011 International Conference on Web Information Systems and Mining
(WISM 2011) was held during September 24-25, 2011 in Taiyuan, China. WISM
2011 received 472 submissions from 20 countries and regions. After rigorous
reviews, 112 high-quality papers were selected for publication in the WISM 2011
proceedings. The acceptance rate was 23%.

The aim of WISM 2011 was to bring together researchers working in many
different areas of Web information systems and Web mining to foster the ex-
change of new ideas and promote international collaborations. In addition to
the large number of submitted papers and invited sessions, there were several
internationally well-known keynote speakers.

On behalf of the Organizing Committee, we thank Taiyuan University of
Technology for its sponsorship and logistics support. We also thank the mem-
bers of the Organizing Committee and the Program Committee for their hard
work. We are very grateful to the keynote speakers, session chairs, reviewers, and
student helpers. Last but not least, we thank all the authors and participants
for their great contributions that made this conference possible.

September 2011 Gong Zhiguo
Xiangfeng Luo

Junjie Chen

Jingsheng Lei

Fu Lee Wang
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Text Clustering Based on LSA-HGSOM*

Jianfeng Wang and Lina Ma

Technology College, North China Electric Power University,
071051 Baoding, China
wjf6ll@yahoo.com.cn

Abstract. Text clustering has been recognized as an important component in
data mining. Self-Organizing Map (SOM) based models have been found to
have certain advantages for clustering sizeable text data. However, current
existing approaches lack in providing an adaptive hierarchical structure within
in a single model. This paper presents a new method of hierarchical text
clustering based on combination of latent semantic analysis (LSA) and
hierarchical GSOM, which is called LSA-HGSOM method. The text clustering
result using traditional methods can not show hierarchical structure. However,
the hierarchical structure is very important in text clustering. The LSA-HGSOM
method can automatically achieve hierarchical text clustering, and establishes
vector space model (VSM) of term weight by using the theory of LSA, then
semantic relation is included in the vector space model. Both theory analysis
and experimental results confirm that LSA-HGSOM method decreases the
number of vector, and enhances the efficiency and precision of text clustering.

Keywords: Text Clustering, Hierarchical GSOM, Latent Semantic Analysis,
Vector Space Model.

1 Introduction

With the popularization and application of Internet network has become an important
part of the people's working and living, and various search engines have been an
indispensable tool to retrieve the necessary resources for the people. However, the
Internet search engine can often find thousands of search results. Even if some useful
information is obtained, it is often mixed with a lot of "noises" to waste the users’
time and money. Therefore, in order to efficiently and economically retrieve the
resource subset relevant to the given search request and with the appropriate number,
the Text clustering is performed and becomes one of important and hot research fields
in data mining[1].

Text clustering is different from Text classification. The latter has them for each
category while Text clustering has no category annotates in advance. The Text
clustering is to divide the Text sets into several clusters according to the Text contents,

" This research was supported by Young Teachers Research Foundation of North China Electric
Power University No. 200811036.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 1-l, 2011.
© Springer-Verlag Berlin Heidelberg 2011



2 J. Wang and L. Ma

and requires the similarity of the Text contents in the clusters as great as possible and
that of different clusters as small as possible. It can organize the Web Text effectively,
but also form a classification template to guide the classification of the Web Text.
Therefore, the Text clustering is an important content in the domain of data mining,
and also acts as a very important role in text mining. The general procedure of the text
clustering methods is as follows. Firstly, the documents to be clustered are transformed
into some sets of terms, and term weights are assigned to each term of the sets, then
some term weights constitute a feature vector that represents a text. In fact, text
clustering means text contents clustering. However, the term sets can not concern with
the text contents in clustering process. Therefore, a way of improving text clustering
effect is that clustering of documents is based on text conception (or semantic content).
The existing methods of text clustering can obtain a single clustering structure;
however, the result can not show hierarchical relation among categories. In fact, people
need to understand the hierarchical relation among categories. In order to overcome
this defect, we present a new method of hierarchical text clustering called LSA-
HGSOM method. The method applies the theory of LSA to construct a VSM (Vector
Space Model), and achieves text clustering through conception statistic computation.
Therefore, the method advances the speed and precision of text clustering. Moreover,
the clustering method can achieve automatically hierarchical text clustering through a
hierarchical GSOM method (called HGSOM).

2 The Theory of LSA

2.1 Term Matrix

LSA (Latent Semantic Analysis) [2] is one of the most popular linear document
indexing methods which produce low dimensional representations using word co-
occurrence which could be regarded as semantic relationship between terms. LSA
aims to find the best subspace approximation to the original document space in the
sense of minimizing the global reconstruction error (the Euclidean distance between
the original matrix and its approximation matrix). It is fundamentally based on SVD
(Singular Value Decomposition) and projects the document vectors into the subspace
so that cosine similarity can accurately represent semantic similarity. Given a term-

document matrix X =[x,,X,,---,x,|]€ R"  and suppose the rank of X isr,
LSA decomposes X using SVD as follows:

X=Uxv' (M
where 2. =diag(0,,---0,) and 0,20, 2---20, are the singular values of
X . U=[u,,u,] and u, is called the left singular vector. V =[v,,---,v,]

and V; is called the right singular vector. LSA uses the first k vectors in U as the

transformation matrix to embed the original documents into a k-dimensional space.
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2.2 Singular Value Decomposition

After the matrix X is established, we can acquire an approximate matrix X, of the
matrix X with k orders, where k <min(m,n) . By the singular value

decomposition[3], a matrix X can be denoted as a product of three matrices.
X=Uxv' 2

In formula (3), U and 2. denote the left and the right singular vector matrices of
the matrix X respectively; the diagonal matrix 2, consists of singular values of

the matrix X according to the arrangement with descending order. We select the
foremost k maximal singular values of the matrix X , and establish an approximate
matrix X, with k order.

X, =U, Zk VkT 3)

In formula (4), U, and V, are orthogonal vectors. X, denotes approximately the
term vector matrix X , the row vectors of U . Tepresent the term vectors, and the row

vectors of V, represent the document vectors. After using singular value

decomposition and selecting approximate matrices of k orders, the model of LSA
acquires some good effects as follows. For one thing, the disadvantageous factors in
original term matrix are decreased. Moreover, the semantic relation between terms
and documents becomes more obvious. In addition, the dimension of VSM is
decreased greatly, and so the speed of clustering is advanced. In short, through the
process of LSA, the VSM of documents has the following merits.

The dimension of VSM is decreased greatly, and so the speed of clustering is
advanced.

3  The Theory of GSOM

3.1 The Self-Organizing Map (SOM)

SOM is an unsupervised neural network model that maps high-dimensional input
space to low-dimensional output space. When the resulting map is a two-dimensional
topology, the intuitive visualization provides good exploration possibilities. The
drawback of this approach is the pre-fixed structure of the output space and lack of
providing hierarchical relations between the input spaces [3].

The Growing Self Organizing Map (GSOM).

The GSOM algorithm is composed of three phases, initialization, growing and
smoothing. Soon after the smoothing phase, the generated map can be queried and the
input data vectors clustered [4].

1) Initialization phase:
Initialize the weight vectors of the starting nodes (usually four) with random numbers
between 0 and 1.
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Calculate the growth threshold (GT) for the given data set of dimension D
according to the spread factor (SF) using the formula GT =—-DXIn(SF).

2)  Growing Phase:
a) Present input to the network.
b) Determine the weight vector that is closest to the input vector mapped to the
current feature map (winner), using Euclidean distance. This step can be summarized

as: find q' such that ‘v—wq,‘ < ‘v—wq‘qu N wherev, w are the inputs and

weight vectors respectively, q is the position vector for nodes and N is the set of
natural numbers.

c¢) The weight vector adaptation is applied only to the neighborhood of the
winner and the winner itself. The neighborhood is a set of neurons around the winner,
but in the GSOM the starting neighborhood selected for weight adaptation is smaller
compared to the SOM (localized weight adaptation). The amount of adaptation
(learning rate) is also reduced exponentially over the iterations. Even within the
neighborhood, weights that are closer to the winner are adapted more than those
further away. The weight adaptation can be described by

W/(k) lfje Nk+l

w,(k)+ LRI)X (x, —w,(K))  if j& N,,, @

wj(k+1)={

Where the Learning Rate LR(k), k€ N is a sequence of positive parameters
converging to zero as kK —>co. w, k), w,(k +1) are the weight vectors of the

node j before and after the adaptation and NN, ; is the neighborhood of the winning
neuron at the (k+1)th iteration. The decreasing value of LR(k) in the GSOM

depends on the number of nodes existing in the map at time k .
d) Increase the error value of the winner (error value is the difference between
the input vector and the weight vectors).

e) When TE, 2 GT (where TE, is the total error of node i and GT is the

growth threshold). Grow nodes if i is a boundary node. Distribute weights to
neighbors if i is a non-boundary node.

f) Initialize the new node weight vectors to match the neighboring node weights.

g) Initialize the learning rate (LR) to its starting value.

h) Repeat steps 2 — 7 until all inputs have been presented and node growth is
reduced to a minimum level.

3)  Smoothing phase

a) Reduce learning rate and fix a small starting neighborhood.
b) Find winner and adapt the weights of the winner and neighbors in the same
way as in growing phase.

The growth threshold is based on the number of dimensions of the dataset and the
spread factor (SF). SF is a predetermined value in the range 0-1, with zero allowing
least spread and one, maximum spread. A limited spread with a smaller SF value
should ideally be the starting map. Once significant clusters are identified, they can be
used as the basis for further analysis with a higher SF value.
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4 Text Clustering Method Based on LSA—GSOM

4.1 Conception of Text Clustering

Text clustering is the process of assigning the documents in a document base to
different categories, and is a typical machine learning problem with no supervising. A
species is some groups of documents. Documents within one species are more similar
than those among different species. Therefore, the aim of text clustering is to group
the documents: minimizing the similarity among different species and maximizing the
similarity within a species.

Clustering analysis is the process that assigns similar documents to the same
categories through computing the degree of similarity among all documents. By the
singular value decomposition, the row vectors of v k are the vectors of texts.
Therefore, we apply the row vectors of VK to calculating the degree of similarity
among documents. The degree of similarity is generally denoted by cosine distance,
which is defined as follows:

S

jm
m=1

Sim(i, j) = —= - (5)
z (mm )2 X Z (ij )2

m=l1 m=l1

Where Sim(i, j) is the degree of similarity between text 7 and j ; where W. , and

im?

W,, denote the values of the rows i and j of the column m in the matrix Vk

respectively.

4.2 Dimensionality Reduction

Reduction of the data dimensionality may lead to significant savings of computer
resources and processing time. However the selection of fewer dimensions may cause
a significant loss of the document local neighborhood information. Due to this
compromise, we have chosen to use the popular and well studied singular value
decomposition.

SVD is used to rewrite an arbitrary rectangular matrix, such as a Markov matrix, as

a product of three other matrices: X =U > V' . As a Markov matrix is symmetric,
both left and right singular vectors (U and V) provide a mapping from the document
space to a newly generated abstract vector space. The elements (ZO,;{I, = -,ﬂrfl)of

the diagonal matrix S, the singular values, appear in a magnitude decreasing order.
One of the more important theorems of SVD states that a matrix formed from the first

n singular triplets{U i,ﬂi,Vi} of the SVD (left vector, singular value, right vector

combination) is the best approximation to the original matrix that uses n degrees of
freedom. The technique of approximating a data set with another one having fewer
degrees of freedom, known as dimensional reduction, works well, because the leading
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singular triplets capture the strongest, most meaningful, regularities of the data. The
latter triplets represent less important, possibly spurious, patterns. Ignoring them
actually improves analysis, though there is the danger that by keeping too few degrees
of freedom, or dimensions of the abstract vector space, some of the important patterns
will be lost.

After reducing the dimension, documents are represented as n-dimensional vectors
in the diffusion space, and can be clustered by using HGSOM.

4.3 HGSOM Clustering

Hierarchical clustering techniques are categorized into agglomerative (bottom-up) and
divisive (top-down) approaches[4]. Agglomerative clustering starts with one point
clusters and recursively merges two or more similar clusters until all the clusters are
encapsulated into one final cluster. Divisive clustering considers the entire dataset as
one cluster and then recursively splits the most appropriate cluster until a stopping
criterion is achieved. For details on clustering algorithms refer to. The hierarchical
clustering model presented in this section builds a hierarchy of clusters in a novel
manner. It does not follow a traditional bottom-up or top-down approach, but using
GSOM as the basis and utilizing its spread factor. Since the spread factor takes the
value between 0 and 1, to avoid missing any significant sub groupings, a set of values
across the whole range (0-1) are initialized.

The GSOM uses a threshold value, GT, to decide when to initiate new node growth
[5]. GT will decide the amount of spread of the feature map to be generated.
Therefore, if only an abstract picture of the data is required, a large GT will result in a
map with a fewer number of nodes [4]. Similarly, a smaller GT will result in the map
spreading out more. Node growth in the GSOM is initiated when the error value of a
node exceeds the GT. The total error value for node i is calculated as:

D
2
TE; = > (x,;=w) ©)
H, j=l
where H, is the number of hits to the node i and D is the dimension of the

data. X, ; and w; are the input and weight vectors of the node i, respectively. For

a boundary node to grow a new node, it is required that
TE, > GT )

The GT value has to be experimentally decided depending on the requirement for the
map growth. As can be seen from (1), the dimension of the data set will make a
significant impact on the accumulated error (TE) value, and as such will have to be

considered when deciding the GT for a given application. Since X i >0, Wi <1,

the maximum contribution to the error value by one attribute (dimension) of an input
would be,

max ‘xl.,j - wj‘ =1 ®)
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Therefore, from (1)
TE_ =DxH, ©)

where TE_  is the maximum error value and is the maximum possible number of

hits. If H , 1s considered to be the number of hits at time (iteration) 7, the GT will

have to be set such that
0<GT <DxH(t) (10)

Therefore, GT has to be defined based on the requirement of the map spread. It can be
seen from (4) that the GT value will depend on the dimensionality of the data set as
well as the number of hits. Thus, it becomes necessary to identify a different GT value
for data sets with different dimensionality. This becomes a difficult task, especially in
applications such as data mining, since it is necessary to analyze data with different
dimensionality as well as the same data under different attribute sets. It also becomes
difficult to compare maps of several datasets since the GT cannot be compared over
different datasets. Therefore, the user definable parameter is introduced. The SF can
be used to control and calculate the GT for GSOM, without the data analyst having to
worry about the different dimensions. The growth threshold is defined as

GT =DX f(SF) (1D

where SF e R,0<SF <1, and f(SF) is a function of SF, which is identified as
follows.
The total error TE, of anode i will take the values

0<TE <TE,_ (12)

where TEmax is the maximum error value that can be accumulated. This can be

written as

0<ZZ(XU—W> < ZZ(% ) (13)

H j=1 H . j=1

Since the purpose of the GT is to let the map grow new nodes by providing a
threshold for the error value, and the minimum error value is zero, it can be argued
that for growth of new nodes,

0<GT < ZZ(XI j _, (14)

male

Since the maximum number of hits (H__ ) can theoretically be infinite, (7)

max
becomes 0 < GT < oo, According to the definition of spread factor, it is necessary
to identify a function f(SF) suchthat 0 < DX f(SF) < oo
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A function that takes the values 0 — oo, when X takes the values O to one, is
to be identified. A Napier logarithmic function of the type y =—aXIn(l1—x) is

one such equation that satisfies these requirements. If 4 =1—SF and

GT =-DxIn(1-n1) (15)
then

GT =-DXIn(SF) (16)

Therefore, instead of having to provide a GT, which would take different values for
different data sets, the data analyst can now provide a value - SF, which will be used
by the system to calculate the GT value depending on the dimensions of the data. This
will allow HGSOM to be identified with their spread factors and can form a basis for
comparison of different maps.

During cluster analysis, it may be necessary (and useful) for the analyst to study
the effect of removing some of the attributes (dimensions) on the existing cluster
structure. This might be useful in confirming opinions on non-contributing attributes
on the clusters. The spread factor facilitates such further analysis since it is
independent of the dimensionality of the data. This is very important, as the growth
threshold depends on the dimensionality.

5 Experiments

We applied the theory of LSA method to construct the VSM, and applied the
HGSOM network to achieve text clustering. We collected 500 documents to carry on
the text clustering. These documents were classified into three large-scale species and
six child species: Education (Includes campus (CAM) and high school education
(HSE)), Economics (Includes industrial (IND) and agriculture (AGR) economics),
and Medicine (Includes clinic (CLI) and nurse (NUR)). After the feature selection, we
obtained 1863 feature words.

5.1 Experiment 1

We applied directly the words matrix D to carry on the text clustering, and the
number of input node was 1863. In this case we could not acquire satisfactory result
using HGSOM. The training speed of the network is very slow, and the result of text
clustering is not correct. We think that the wrong result comes of too many input
nodes. So we could not acquire good result using HGSOM network.

5.2 Experiment 2

In view of the result of the experiment 1, we choose k=785 through the process of
LSA. After that, the number of input nodes is reduced to 785. We applied the
HGSOM clustering algorithm to the documents clustering. The speed of training is
improved greatly, and the results of clustering are shown in the table land table 2. We
applied average accuracy (AA%)[6] to evaluate the results of text clustering.
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In view of the result of the experiment 1, we choose k=785 through the process of
LSA. After that, the number of input nodes is reduced to 785. We applied the
HGSOM clustering algorithm to the documents clustering. The speed of training is
improved greatly, and the results of clustering are shown in the table land table 2. We
applied average accuracy (AA%)[6] to evaluate the results of text clustering.

In table 1 and table 2, the clustering results are satisfactory; therefore, HGSOM
method is feasible for hierarchical text clustering. From table 1 and table 2, we can
see that the results of table 1 are better than the results of table 2. The reason of
acquiring this result is that the documents have more similar feature words among
sub-layers than those documents among large-scale species, which impacts on the
result of text clustering.

Table 1. The clustering result of the first layer by hgsom method

Example (AA)%
Medicine 88.5
Education 90.2
Economics 86.3

Table 2. The clustering result of the first layer by hgsom method

Example (AA)%
CLI 79.6
NUR 79.1
CAM 84.1
HSE 82.9
IND 85.4
AGR 84.9

6 Conclusions

We can draw the conclusions from above experiments as follows:

(1) The present LSA-HGSOM method is feasible for text clustering.

(2) LSA-HGSOM method can achieve automatically hierarchical text clustering,
and overcome the shortcomings of traditional methods.

(3) LSA-HGSOM network is limited for text clustering. If there are many input
nodes, we can not acquire good result.

(4) LSA-HGSOM method can enhances the efficiency and precision of text
clustering.

In this paper, we proposed a new text clustering method LSA-HGSOM. In this
method, it firstly makes preprocess of texts, and introduced LSA theory to improve
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the precision of clustering and reduce the dimension of feature vector. Then it used
HGSOM to execute the clustering to the texts, In the experiment, the result shows that
LSA-HGSOM method would get a better effect in the text clustering.
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Abstract. Model Driven Architecture (MDA) stresses on the model-centric. It
defines the framework of the system by using various models. Aiming to
increase not only the modeling granularity but also the reusability of model
transformation rule we apply the design pattern into MDA. In this paper, firstly,
a modeling approach based on role is presented. In this way, the pattern model
and the transformation rule can be defined respectively. Secondly, two extended
meta-meta-models, ExPattern(Extended Pattern) and ExRole(Extended Role),
which are the meta-models of Pattern and Role respectively, are demonstrated in
the article. A QVT-based transformation rule is defined for the snake of models
transformation. At last, a case study of Graduate Education Management System
which uses the technologies proposed in this paper is demonstrated.

Keywords: design pattern; model transformation; MOF; meta-model; QVT.

1 Introduction

Developers today have to cope with various challenges dealing with design of
collaborative system because of some complex characters of collaborative system [1].
Model Driven Architecture (MDA), which is a new approach to software development
put forward by OMG (Object Management Group), realizes the separation between the
design of the system and its implementation. It ensures the system can be executed on
various platforms without changing the design. The shift of the development focus
from the code to the model is a significant aim of MDA. Unlike traditional software
development which tends to be code-centric, MDA stresses on life-cycle of the
software development [2]. Modeling plays a key role in MDA. There are two kinds of
MDA modeling: PIM (Platform Independent Model), PSM (Platform Specific Model).
PIM is an abstract specification of the software business logic, the behavior of the
application cannot be modeled in detail. In this case it is easier to write source code
manually [3]. PSM produced by the transformation is a model of the same system
specified by the PIM, it also specifies how that system makes use of the chosen
platform [4]. Therefore, the model transformation can be considered as a mapping
between the models via using transformation rule [13].

The rest of the paper is organized as follows: In Section 2 the related work is
introduced. In this section, first we describe the way how to introduce the design

Z. Gong et al. (Eds.): WISM 2011, Part IT, LNCS 6988, pp. 11-[§, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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patterns into MDA briefly, second a modeling method which is based on role is
provided. Section 3 presents the various meta-models of the design pattern proposed
in the paper. In this section, firstly, the RoleOf relationship is presented. Secondly, the
extended MOF meta-meta-model, which defines the pattern specifications is
demonstrated. Section 4 discusses the model transformation approach based on QVT.
In Section 5, a case study of Graduate Education Management System uses MDA and
its primary technologies is described. At last, conclusions are shown in Section 6.

2 Related Work

The purpose of this paper is to increase not only the modeling granularity but also the
reusability of model transformation rules by using MDA based on design patterns
[14]. It is different from the former work related to the design pattern.

2.1 The Design Pattern

In recent years, object-oriented design pattern has been widely used in the development
of software systems, as systems become increasingly complex and hard to maintain
[5]. Design pattern, which provides reusable constructs, can be introduced into MDA
to increase the modeling granularity as well as the integrated development units in
MDA. This ensures systems to be extensible and flexible since we cannot know all the
requirements and build a perfect system at the beginning [6].

2.2 MOF

MDA requires that in order to enable the transformation and exchange, the modeling
languages which is used to PIM and PSM should be conformed to MOF.

MOF is defined as a four-layered architecture described as follows:

From the top to the bottom, the four-layered architecture can be considered as M3,
M2, M1 and MO, and each level is the instance of the upper level as well as the
abstraction of the lower level.

The MO layer, on which the instance of system can run, consists of the concrete
object and the data, is the information layer; The M1 layer, comprised by various
models, is the model layer. The model on M1 is used to describe the data of MO. The
instance of UML meta-models is demonstrated on M1 layer; The M2 layer, which
consists of meta-meta data, is the meta-model layer. The meta-model is the abstraction
of the model. UML meta-model is defined on M2 layer. The M3 layer, which defines
the meta-model on M2 layer, is the language used by MOF to build lower level meat-
models. This layer is the meta-meta-model layer.

23 QVT

In response to the need for a standard approach to define mapping functions that map
between models, OMG issued the MOF 2.0 Query/Views/Transformation (QVT)
Request for Proposals (RFP) [7].
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The QVT specification provides a hybrid transformation language, including:
Relations, Core and Operational Mappings. The three transformation languages
provide the declarative and imperative transformation constructs. The languages
Relation and Core can be used to specify the declarative transformation, QVT provides
two options to extend declarative specifications with imperative transformation
constructs, the Operational Mappings and Black Box operation [8].

3  The Meta-model of the Design Pattern

3.1 The Meta-Model of RoleOf Relationship

Generally, the application class is bound with the role class during the pattern
instantiation. But in this way, barriers are still existing, such as pattern overlapping,
troubles in reusing the pattern code and so on. In order to solve the problems above,
the RoleOf relationship proposed in [11] was applied. In this way, roles are treated as
the independent modeling elements and the RoleOf relationship is used to associate a
role with an application class as shown in figure 1.

Pattern A \]

Fig. 1. Binding of Business Class and Rule. The role Ai is associated with Logic j by using the
RoleOf relationship. It realizes the separation between the business logic and the model logic.

But this method does not completely realize the separation between the application
class and role class. So the ExRole is presented to solve the barriers above.

3.2 The Meta-model of the ExPattern Unit

Each pattern model is the instantiation of the pattern meta-model. ExPattern (Extended
Pattern) defines the edge of the pattern meta-model. As figure 2 shows, pattern unit is
constituted by the pattern-name and roles.
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Pattern A
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¥ Role2 }

%: Role3

A

Fig. 2. The Meta-model of Pattern Unit. Pattern unit is constituted by the pattern-name and

roles.

3.3 The Meta-model of ExRole

ExRole (Extended Role) defines the meta-models of the participant. Each participant is
related to the type, the type can be class or interface. The role describes the structure of
the pattern and the responsibility of the participant. Class, attribute of class, operation
of class and so on are all treated as role. This effectively solves the difficulties during
instantiating the design patterns.

As figure 3 shows, each participant is inherited from the role class. The participant
can be the class role, attribute role, operation role, parameter role and relation role.
That solves the problems during instantiation of the pattern.

supplier
type Role
client
Type- Role-Name
name inferfaceiclass)
ClassRole  ¥7>—— Attribute Role Parameter Role Relation Role

Operation Rol
peraticn Role

aarpddns

FIVET TR

(lassRelation Role

Fig. 3. The Meta-Model Of the Role

3.4 The Meta-model of the Observer Pattern Unit

Reference [11] introduces a figure element system based on Observer pattern. The
observer pattern is a common way of design pattern, it realizes the consistency
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between the associated objects. It is defined by GoF as which an object maintains a list
of its observers and automatically notifies them of any state changes, usually by calling
one of their methods [10]. The observer pattern includes two roles, the subject and the
observer (figure 5). As shown in figure 4, each subject maintains a list of observers, it
implements an interface to notify the observers when changes occur in the subject.
Each observer can observe any subjects it is interested in at any given time and receive
the update notification from the subject.

Notify | Subject Observer Update |
operation IRl s—{=InterfaceRealizations=—= IR 2 operation
Notify 2 Subject | Observer | Update 2
changeState
XE’ — {ni;ocintioﬂ
aperation < generation

Fig. 4. Pattern Specification of Observer Pattern. It describes the pattern specification of
observer pattern on M2 layer.

Subject Ohject
“notily( ) +updatei)
Subject 1 Object 1
observer
+notily ) . o
+changeState]) update()

Fig. 5. An Instance Of Observer Pattern. It describes an instance of observer pattern.

4 The Transformation Rule

In this paper, we apply the QVT-based transformation rule.

The input to the transformation is the marked PIM and the mapping, the result is the
PSM and the record of the transformation [4]. For the specification of evaluation rules
we use the formalism of model transformations, more precisely a graphical syntax of
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QVT rules [9]. Firstly, the transformation tool acquires the source model, secondly it
implements the transformation definition, and gives the target model as output. When
the QVT rule is implemented on the source model, a LHS matching sub model of the
source model is searched and a target model is obtained by rewriting the matching sub
model by a new sub model that is derived from RHS under the same matching [9].

5 Case Study

The model driven development is demonstrated in detail via a case study of the
Graduate Education Management System. In this section, the modeling of PIM is
introduced and a QVT-based transformation definition is used to mapping PIM to
PSM.

The Graduate Education Management System displays kinds of information to
different participant, including: student, teacher, college secretary and super
administrator. Take the process of course selection for example. When a student
selects a new course, the list of selected course, the student list which describes who
has selected the course, the achievement list which records the score of students
selected this course and other data which is associated with the information of select
course are all needed to be update. When the data is changed, data layer sends the
update request, and the interface layer receives the update message and shows the
updated information according to the different request of the view.

Select Course

SelectCourse SelectCourse View
-CourseNum String ~display()
-StuNum String 3
a
sgetCourseNum(): String [ ¢ | ST
setCourseNum()
+getStulNumi ): String
~setStuNum ) List of Selected Course Student List Achievement List
3 -
i display(); display(); :fr‘:m"”
I “stuSelect(): “stulnfo(); : L
i achievelnfo();
iz T 1 i
g : ! d
29 1 L =
¢ g R =
[k zi ‘g
! 12 Observer Pattern ] V2
i = | \
| ] Y
I ! .
H | I, !
| aol
CourseSubject CouObserver | CouObserver 2 CouObserver 3
a0l
“notify(} \ . . .
+changeState() aod update() update() update()
v
Subject Observer
+notify() +update()

Fig. 6. Binding of Business Model and Observer Pattern
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5.1 Modeling of PIM

According to the request, the view should reflect the latest information, so the
observer pattern is applied. In this paper, we use the RoleOf relationship to realize the
business models and pattern models separated, firstly we construct the pattern model
and business model, secondly the pattern models and the business models should be
associated by applying the RoleOf relationship. Figure 6 presents the binding of
business model and observer pattern model.

As is apparently demonstrated in figure 6, a CourseSubject covers three classes of
Observer, including: CourseObserverl, CourseObserver2, CourseObserver3. And the
SelectCourse, StuOfSelectCourse and StuAchievement belong to the business meta-
model. Then we should bind the instances of CourseObserverl, CourseObserver2 and
CourseObserver3 with SelectCourse, StuOfSelectCourse and StuAchievement
respectively.

5.2 The Transformation of PIM-PSM

When the modeling of PIM is finished, PSM should be generated as follows:

Firstly, the model should be checked whether is associated with RoleOf
relationship. If it is associated with RoleOf then the transformation rule proposed in
this paper can be executed. Secondly a temporary intermediate variable used to save
the combined models should be defined, this variable would be released before the
ending of the transformation. When the rule is implementing, the operations and
attributes in the business models would be appended to the role. At last, according to
the type of the role, interface or class, the object in the source model can be
transformed to the corresponding type of target model.

5.3 Analysis of the Effect

The method of applying design pattern in MDA increases the modeling granularity as
well as the reusability of model transformation rules. The RoleOf relationship solves
the barriers such as pattern overlapping and traceability during the pattern instantiation,
which improves the reusability of the models.

By instantiating the observer pattern we realize the modeling based on the observer
pattern units. By separating the business model and logic model clearly, it can solve
the traceability and reusability of the model to a large extent.

6 Conclusion

In this paper design pattern is introduced into MDA. A modeling approach based on
role is proposed. In addition, this paper shows how to extend MOF meta-meta-models
to define the specification and how to define the model transformation rules based on
QVT. Finally, the model driven development process of Graduate Education
Management System is demonstrated to verify the approach.

Next, we will consider increase the complementary transformation rules to support
the comprehensive automatic transformation of system.
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Abstract. Business innovation and collaboration lead to the development of
enterprise information systems from the internal scope towards the more
broadly external parties. EERP (End-to-End Resources Planning) as the up to
date requirement in the enterprise information field is presented in this paper.
The relevant technologies about internet of service to realize EERP have been
researched in detail. An approach based on value-aware service engineering and
service network technologies for EERP has been proposed and applied, which
can help to realize business-goal-driven dynamic semantic integration of the
Web services.

Keywords: Internet of Service, SOA (Service Oriented Architecture), EERP
(End-to-End Resources Planning), Service Network.

1 Introduction

At present, enterprises are in the period of social transformation of backward industry,
their main characteristics into service as the dominant social activities, and
information technology as the supporting technology of community, business and
personal activities. At the same time, with the rapid development of e-Business, Web
applications based on the Web are developed from localization to globalization, from
B2C (Business-to-Customer) to B2B (Business-to-Business), from centralized fashion
to decentralized fashion. Web service is a new application model for decentralized
computing, and it is also an effective mechanism for the data and service integration
on the Web [1]. It is important and necessary to carry out the research on the new
architecture of web services, on the combinations with other good techniques, and on
the integration of services. It has started from information integration, process
integration to enterprise integration, business integration. It has become an inevitable
trend to combine the existing business units, service, and application into one in order
to meet user demand.

The traditional ERP (Enterprise Resources Planning) systems which focused on
optimization of the enterprise internal process are not adapted to the requirement for
interaction possibilities with external parties. EERP (End-to-End Resources Planning)
is initiated to serve this purpose.

Z. Gong et al. (Eds.): WISM 2011, Part IT, LNCS 6988, pp. 19-24, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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The relevant technologies and methodologies about Internet of Service such as
Service Computing, Service Engineering and Service Network have been proposed. In
especial, SOA and component oriented technologies has been succeed in many fields.
The approach of component oriented technology even became the recommended
approach of the road map of SOA in China [2].

It is very urgent and important to use the new technologies about Internet of
Service into the development of End-to-End Resource Planning.

2 The Development of Enterprise Information System

Enterprise information system has been developed from MRP (Material Requirements
Resource Planning), MRPII (Manufacturing Resource Planning), ERP (Enterprise
Resource Planning) and ERPII (Enterprise Resources Planning and Co-Business)
towards EERP (End-to-End Resources Planning).

The development of enterprise information system shows as Fig. 1. Emphatically,
the relations amongst them are the kind of development or including, but not
replacement or negation.

EERP (2007)
End-to-End Resources Planning

—_—

-7 ERPILQ2004) >
Enterpnse Resources Planning and co-bhs{ness

e N \
/ ,*" MRPII (1980)‘ \

/ Mdnufdctunng Resources Pi@nmng \

\ h
\ % Materiql / financing formati(yn’ Integration /
\ 5 N , ;

N

\ S~al_--"
\ R'equirement / Supply Value Chqi_rr's of /
\ Enterprlse Integratlon /

—_——— -

Fig. 1. The Development of Enterprise Information Systems

The development of ERP and EERP can be also described as changing from the
centre of resources towards the centre of relation [3]. SOA, SSOA (Semantic SOA)
and Component oriented technology offer the new way to accomplish ERP/EERP on
the relation platform.
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3 The Relevant Technology and Methodologies on Internet of
Service

3.1 Service Computing and Service Science

Service computing or service science as a new research field has gained more and
more attention. It has passed through two development stages [4]:

At first stage, Garter Group proposed the concept of Service Oriented Architecture
(SOA) in 1996, to make service computing development rapidly. Service computing
appeared the first high tide. Service oriented programming paradigm’ decoupling,
based on open standards interoperability, large particle reuse, supporting dynamic
expanding technologies have begun enjoys popular support. More and more projects
have begun to use SOA methodology in EAI (Enterprise Application Integration) and
other application fields such as End-to-End resource planning to seek the software
reuse, flexibility, low cost and rapid development.

The development processes of SOA are also divided into three phases [5]:

At first SOA focuses on the integration in enterprise and resolves the One to One
relations. It has started from 2003 year.

Second SOA phase focuses on the value chains between the credible associate
enterprises and resolves the One to Many relations. It has begun from 2007 year.

The third phase of SOA focus on finding new associate and new services. It resolves
the Many to Many relations. However, the start year can be unconfirmed. It depends on
the advanced research and application about SOA and other new technologies.

At second stage of service computing, IOT (the Internet of Things), Social
Information Network and Cloud Computing have gradually become the most concern
focus. SOA, SaaS (Software as a Service) and SOC (Service Oriented Computing)
represent the general trend of the future. The development of service computing is
entering into the second high tide. It mainly reflected in two aspects:

One is software and resources are put in the cloud and as the infrastructure, and
then the consumers need not setup or deploy them on their local computers in many
cases. Another is the software using and operating mode about XaaS (Anything as a
Service) will support users to use rather than owning, to consume and use information
and communication technology resources with pay-on-demand mode. Service is not
only the link or adhesive among the infrastructure and the user experiences but also
the kernel carrier of the various kinds of the exposed intelligence in new network
environments with dynamic, open, indeterminacy and assembly characters.

3.2 Values-Aware Service Engineering Methodology

VASEM (Value-Aware Service Engineering Methodology) uses the model driven
idea to transform from top to bottom, and payes equal attention to service value and
service function. In the transformation process, if existing more aspects to influence
service values then make decision by the value-aware method [6].

The implementation processes of VASEM shows as Fig.2. Left side in Fig.2 is
service model space. It started from the design of service scheme, to service modeling,
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and then to service system implementation. And right side is service value space. It
includes multilevel value models (Value Declaration Model, Value Network Model
and Value Dependence Model). Establishing the connections between values and
service functions by value tagging, and then to form Value Tagging Models. Therefore
analysis and optimizing about service model can be done by the value oriented method.
When all values can be fully supported by service models then enter the service system
implementation process.

Service Model Space Service Value Space
W»I\/alm Declaration Model |
7'} ¥
| Value Network Model |
v
I\/alue Dependence Model |
vV Vv 7'y
Service Tagglng l
Requirement [ ™ value Tagging Model
Model Optimizing 'y
7'}
\ 4
Service Action | Tagging \ 4
and Capability [ 7| Value Tagging Model
Model Optimizing Y
7'}
\ 4
Service Tagging \ 4
Implement [ "1 Value Tagging Model
Model Optimizing

A

Service System

Fig. 2. The Implementation Processes of Value-Aware Service Engineering Methodology

There are some kernel links in VASEM: Value Modeling, Value Tagging, Value
Oriented Analysis, Value Oriented Model Optimizing, Feedback and Redesign, Value
Oriented Combination and System Implementation.
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3.3 Service Network

SN (Service Network) as an infrastructure of Internet of Service offers supporting to
the SOC (Service Oriented Computing). It can be as the Social Network with
available services on internet. Its kernel is to resolve the services which have rich
semantic information and the service interactive relations. Fig. 3 gave the architecture
of Service Network [7].

Service
Customers

Result Return

v
|Requirement Analysis |

il
>| Concegt Analysis |

Fr oo TS~

Web Bervice ClassXication

Structure

Assembly
Engine

Function
Ontology

v &
Service
Mining

Semantic

______________ Service Tagging Service Network

Service Service
Spider Providers

Fig. 3. The Architecture of Service Network

SN can be described as:

SN (V, E) = Graphws<Vws, Ews>, there into

Vws = { Abstract Services} U  {Actual Services}

Ews = SRType < Vws, V’'ws >

SN is a Social Graph, its nodes are services and edges are service relations. The
service nodes are the ontology models with well-defined characters, and can be
divided into abstract services and concrete services. The service nodes consist of SN
by the semantic relations.
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4 Research on EERP

EERP is a business-centric approach to end-to-end integration and optimization of
business processes and services to increase business agility and adaptability to ever-
changing environment, improve business performance, sustain competitive advantage,
and ultimately create business value and accomplish the business objective.

Here, the end-to-end business processes mean the business processes span lines of
business, tapping into functional tasks within each of them and beyond the boundaries
of the enterprise to trading partners and external service providers. They are the
primary means of defining the business and creating differentiating value. To keep
these End-to-End business processes in line with the ever-changing demands of the
market, we need a deliberate, thorough approach to managing them.

EERP system consists of services that can be evaluated, optimized and replaced. It
adapts to the ever-changing requirements, to speed up the establishing progress and
reused programming.

EERP is a base platform which is supported by the knowledge bases such as FIPA
ontology [8], SCM ontology [9] and M3PO ontology [10] based on SSOA (Semantic
SOA).

Firstly, the most adapted business process solution can be found in EERP through
the simulating business management engine. Secondly, it can process the exceptions
and the faced questions automatically with dynamic responding. The main core
technology of EERP includes: SOA, BPM (Business Process Management) and
semantics.

There are several main attention service requirements of EERP as following:

4.1 Service Issuance

This function issues the services in the service register library, and then to offer the
detailed introduction about service function and QoS (Quality of Service).

4.2 Service Finding

This function is used to locate the appropriate services according to the business goal.

4.3 Service Selection

This function is used to select the appropriate services according to the business goal.

4.4 Service Consulting

Its function is to consult with the service provider and the service consumer, and then
to make terms at QoS and SLA (Service-Level Agreement), including the exception
processing and the compensating mechanism.

4.5 Service Assembling

This function assembles and binds the services so that to implement the business goal
of service consumers.
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4.6 Service Harmonizing

It is used to resolve the harmonizing problem among the protocol, data, process and
application, and then to procure the optimization result.

4.7 Process Simulation

Before deploying the business process, it arranges the correlative properties and runs
at the BPM layer analogously, so that to find the potential problems. The analogous
data can be gotten from the history records. This will help the business analyst to
reconstruct the processes.

4.8 Process Implementing

It can connect and employ the services, and process the exceptions dynamically
through the service finding, service selection and service consulting.

4.9 Process Optimization

It can find the most effective business process through analyzing, monitoring and
simulating procedures on BPM (Business Process Management) layer.

5 Conclusion

End-to-End Resource Planning is becoming the new application field of enterprise
information systems. Its development must be connected to the new technologies and
methodologies on Internet of Service. In order to ensure the project implement
successful, it is very important to define and issue the services at the basis of
analyzing the value points and value-chains of actual management actives [11].
Assembling services and implementing business process need to use the value-aware
service methodology. With the research and application on Internet of Service
towards more and more deeply, the relevant standards such as SCA (Service
Component Architecture) [12] and SDO (Service Data Object) [13] standards, and
SSOA (Semantic SOA), Service Network and other relevant technologies become
more mature, End-to-End Resource Planning will be applied widely and greatly
increase the competition ability of enterprises in future.
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Abstract. It is a problem that users’ reputation distributed in each domain can’t
be shared in collaborative environment of cross-domain. A computation model
of comprehensive reputation based on fuzzy regression is proposed in this paper
to supply uniform reputation evaluation method which is the base of
collaboration of cross-domain users. The model builds up user’s reputation
vector of single domain, and the vectors are combined according to weighting
coefficients. In order to build up fuzzy regression model, the comprehensive
reputation is hazed with symmetric triangular fuzzy number to determine fuzzy
coefficients, and to calculate out the result. The experiment results show that the
model reflects the flexible range objectively.

Keywords: Reputation Computation, Cross-Domain, Comprehensive Reputation,
Fuzzy Regression.

1 Introduction

With the continuous deepening of network application, it’s a more and more pressing
need of interaction between domains. Users usually access some relatively regular AS
domains besides the domains themselves belong to. For example, in CERNET[1],
colleges forms AS domains with their teachers and students as relatively steady user
groups. Teachers and students need to visit some applications in certain other colleges’
domains for cooperation and resource sharing. And another case lies in huge distributed,
anisomery and open grid environment, whose users usually visit inter-organizational
shared resources.

Certainly the cross-domain cooperation greatly improves Internet resource utilization
rate to increase quality of service. However how to manage the access from
cross-domain users efficiently is a big challenge. This paper researches a model based
on fuzzy regression to calculate users’ comprehensive reputation to provide uniformed
reputation evaluation method for the convenience of identity management, restrain
user’s activity, decrease destructive behavior and network disorder. It also supplies a
judgment basis for other users’ behavior decision. In classical regression analysis, the
deviation between evaluated value and actual value is thought as being caused by
random error, however in fact, it may be caused by artificially defined structure or
inaccurate observation. So the fuzzy regression is applied in the research.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 27-B4, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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2 Calculation Model

2.1 Analysis of Reputation in Single Domain

There are variable reputation computation methods in Internet since variable
applications have their own characteristics. In this model, multi-dimensional vector is
adopted to describe user’s reputation to avoid the awkward of distinct reputation
content of different application. Each dimension denotes specific application category
according to actual need such as e-commerce, data translation and BBS. The domain a
user lies in is called primary domain of the user, while the other domains he visits are
defined as active domains. One category of application corresponds to only one
dimension, and there may be several categories of application in a single domain.

Definition 1. (Tll ,Tzl ,---,TS' ) is a user’s reputation corresponding to S categories of

application systems in domain i. In the same domain i, reputation records are sampled
at q different time stages of each dimension of the same user to form user’s reputation

i i i i
Tu T12 Tl3 qu

i i i i
T21 T22 T22 T2q

matrix in single domain: . The updating frequency of

i i i i
Ts1 Tsz Tsz"' qu

user’s reputation of different application can be quite different according to different
standard. So each application should be considered for the selection of sampling time
stage to reflect the updating frequency reasonably. If there is no record at time stage
j(g@>=j>1), the record is replaced with record at j-1, and the like, if there is no record at
stage 1, the user should have never used this type of application. It’s suitable to set a
neutral value but not O as the initial value that not only provides chance for users with
good reputation to be served, but also restrains evil behavior to increase the cost of
cheating and strike evil users’ enthusiasm. It’s thought as impossible to appear that
most users have no reputation record [2].

2.2 Comprehensive Reputation Computation Model of Cross-Domain

Reputation Conversion of Cross-Domain

In order to calculate the comprehensive reputation of cross-domain, it’s necessary to
combine the scattered reputations both in primary and active domains. Equation (1) is
user reputation from the weighted reputation vectors of each single domain.

DN ) )
R, =Y W) (1)
i=1

R jq Tepresents statistic reputation value of dimension j at time g, j=1...S. w!

represents weighting factor of the user reputation in domain i. T, represents the

Ja
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sampling value of dimension j at time q in domain i. There is relation between user’s
reputation and activity degree, because if a user visits certain domain more frequently,
he concerns it more and his behavior is closer to his real reputation than in other

domains. So here W' is decided by frequency of visitation in each domain, i.e.
Wi comes from the value of visit times in domain i divided by the sum of visit times of

the user in all the domains. Comprehensive reputation of all past time stages can be
expressed by the following equation set:

Pi=A + AR + AR+ + AR, +6,

Pz:Ao+A1R12+A2R22+"'+ASRS2+§2 @)

P, =A+AR, +AR, +-+ AR, +0,

P is the total value calculated from reputations of each dimension at time
i(1<j<qg) Ay, ALA,,--+, Ay are regression coefficients to be determined,

0,,0,,0,,0, are random error variables obeying normal distribution of N(0, ¢ ).

st p=(pppap,) . A=(ALALAL A
1 R11 R21"' R31
1 R R,--- R

R= : 2 2 52 , 52(51 §q )T , the relation between
1 qu qu--- qu

comprehensive reputation and each dimensional reputation represented in the equation
set (2)can be written as: p=R*A+ 0 -

Model Based on Fuzzy Regression

The paper predicts comprehensive reputation with fuzzy mathematics for the
uncertainty of user’s reputation. The weighted sum of multi-dimensional reputation and
the evaluated value of the comprehensive reputation work as input and output

T
separately in the model. The comprehensive reputation P = (Pl, P pq) is

hazed with symmetric triangular fuzzy number of P, ( DisC; ), (1<i<gqg). ¢, istobe

determined according to actual situation. The fuzzy number of comprehensive
reputation of cross-domain users is represented

S S
withP'i| ag+ D R,a;,e,+ Y Re;

J=1 J=1
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The fuzzy coefficient A ; is hazed with symmetric fuzzy number of A j (Cl j2€; )
Since it is necessary to determine the fuzzy coefficients of Ay, A, A,, -, Ag
before determining the model, the question is converted into how to determine
the coefficients of d;and €; (j=0...S). According to the fuzzy linear regression

theory, the degree of fitting of  comprehensive  reputation  is
s s

hi =1- D — (ao +2Rjiaj) (Ci +e, +Z‘Rji}ej) , when and only when
j=1 Jj=1

0<h, <1, the fitting degree /1, between the predicted value P.(p,,c,) and the
evaluated value makes a sense, otherwise hl. is 0.

For a sampled value of P[.(pl.,ci) of a cross-domain user, when the central

N
position +ZR jidjof P’ is fixed, the higher the fuzzy degree N p* 1s, the
j=1

higher hl. will be. So the optimal regression should make the total fuzzy degree of

q
Ay, AL Ay, -+, Ay reach minimum value. Set S = 2(0,-5 ; to represent the total
i=1

fuzzy degree of the fuzzy coefficients. Then according to that h; should not be less
than desired value the restrictive conditions will be:

S S

Y Rua;+(1-H)Y |R,e; = p,—(1-H)S

J'S=1 J'S=1

> R,a,~(1~H)Y|R e, < p+(1-H)6 ®)
j=1 Jj=1

H represents the desired degree of fitting, €, is positive and will be determined

J

according to actual need. According to the definition of fuzzy degree,
1 S

S, =§ €, +ZR ;i€j | - So the target function will be simplified as
j=1

N
min S = z we; |. There are two sets of the solutions to equation (3) according to
j=0

whether @; equals to 0.
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3 Experiments and Analysis

3.1 Calculation of Comprehensive Reputation and Verification of Reliability

As shown in fig.1, three college LANs are three domains in the experiment. Totally
there are four categories of applications, several of which each domain provides. The
assessment standard of user’s reputation in each kind of application may be different,
but they all are recorded in form of score. Data of reputation scores in each domain
sampled for 8 months are listed in table 1.

Domain A

Domain B Domain C

A2:BB
S

Fig. 1. This shows the topological diagram of domains in experiment. Among the three domains,
domain A is the user’s primary domain. There are several applications in each domain for users’
visitation.

Table 1. Sampled user’s reputation record of each application

Domain A (32 times) Domain B (15 times) Domain C (13 times)
Al A2 A3 A4 Al A2 A3 A4 Al A2 A3 A4

27 22 16
27 23 18
29 21 16

15 20 10 12 22 16 15
15 20 10 12 23 18 15
15 20 10 11 23 16 16

1 21 20 13 5 15 17 10 2 18 13 12 5
2 23 18 16 5 15 17 10 3 18 16 14 5
3 25 19 15 5 15 19 10 5 19 15 13 5
4 26 20 15 5 15 18 10 6 20 15 14 5
5 26 22 14 5 15 19 10 8 21 14 15 5
6 5 5
7 5 5
8 5 5

Firstly, weighting factors are determined according to visit times for each domain,
and the reputation of cross-domain listed in table 2 is calculated out with data in table 1
according to equation 1. The last column in table 2 is the score marked by administrator
of cross-domain. Secondly, fuzzy regression model can be built and data of table 2 is
substituted into equation 3. Lastly, triangular fuzzy number is shown in table 3 figured
out with the assistance of MATLAB.

As shown in table 4, to compare the original score with the regression value of R ,

the relative deviations are all less than 15%, the degrees of fitting are larger than 0.6,
which is acceptable.
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Table 2. Calculated reputation value of cross-domain

a R, R, R;; R, i (score)
1 18.85 17.73 12.03 4.25 5
2 19.92 17.32 14.07 4.50 5.5
3 21.20 18.13 13.32 5.00 6.1
4 21.95 18.42 13.53 5.25 6.2
5 22.17 19.52 13.22 5.75 6.2
6 22.92 20.20 14.28 6.75 7.3
7 23.13 21.17 15.35 6.75 7.6
8 24.20 19.67 14.50 6.50 6.5
Table 3. Calculated reputation of fuzzy number
j a. e. .
Centre Value Fuzzy Amplitude / Triangular Fuzzy Number  /
-12.32 0.03 (-12.32, 0.03)
-0.31 0.08 (-0.31,0.08)
0.77 1.06 (0.77,1.06)
0.05 0.02 (0.05,0.02)
0.56 0.24 (0.56,0.24)
Table 4. Relative deviations calculated out
Time stage 1 2 3 4 5 6 7 8
Deviation 0.12 0.09 0.12 0.10 0.10 0.09 0.08 0.09
Degree of
fitting 0.62 0.76 0.84 0.81 0.80 0.86 0.74 0.75

3.2 Average Precision Analysis

In the model system, frequency of users’ visitation to every domain has obvious
affection on users’ reputation.

Definition 2. AVD is the short name of a user’s average visiting density. M is sum of
visiting times for all the applications in all the related domains (including both primary
and active domains) of a certain user during considered time stage. N is the
multiplication of sampling times in each domain and the number of applications in the
same domain. If M>N, AVD is 100%, else AVD is equal to M/N.

To study how AVD affects the average precision of reputation calculation, 30 users
are divided into 3 groups with 10 users a group according to their AVDs.

Figure 2 shows some characteristics obviously. In general, with improvement of the
duration of sampling time, regression degree of reputation turns out to be an obvious
increasing trend and more accuracy.

It’s clear that regression degree changes according to AVD. This proves that AVD
has obvious affection on relative error of the model. When AVD reaches 80% or higher
level, regression degree gets to be more than 0.5. While AVD is only 40%, regression
degree of comprehensive reputation is lower than 0.5 which is considered to be not
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Fig. 2. This shows the comparison of regression degree under different AVDs

accurate enough. This phenomenon can be explained that if users visit certain
application more frequently, their behavior comes near to their actual state. And this is
consistent with the common-sense that cheating and disguise are usually sporadic. And
when AVD is very low, much of sampling data should be filled up to complete the
model. This can lead to larger error because the filled data maybe untrue. So the
sampling interval should be selected properly and duration of sampling time should be
long enough giving consideration to reputation update frequency for each application to
avoid the above problem.

4 Conclusions

This paper brings out a comprehensive reputation calculation model based on fuzzy
regression to provide uniform reputation evaluation method for cross-domain users and
supply reputation sharing for corporation of cross-domain in network.

The following work includes analysis on the characteristics of reputation estimation
of all categories of application, the way to improve the accuracy of reputation
expression of cross-domain. And the store and management of cross-domain reputation
data is also another issue to study.
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Abstract. Automatic real-time recognition of TV commercials is an essential
step for TV broadcast monitoring. It comprises of two basic tasks: rapid
detection of known commercials that are stored in a database, and accurate
recognition of unknown ones that appear for the first time in TV streaming. In
this paper, we present the framework of a TV commercial detection system.

1 Introduction

TV Advertising plays an important role in our lives. Today, TV is the most effective
media for marketing new products. Advertisers spend billions of dollars every year to
produce advertisements on TV. CTR Market Research data show that in 2009 the
Chinese media, advertising spend amounted to $74 billion, representing a 13.5%
growth from 2008. TV advertising spend remained the predominant media, and its
advertising income grew 15 percent, far ahead of any other media in 2009. In
Australia, Nielsen Media Research estimates that advertising spend for 2009, across
both metropolitan and regional television equates to 38% of total advertising or $3.5
billion dollars. There are many objectives for automatic TV commercial detections.
Referring to the illustrative paradigm in Figure 1.1, we summarize four points to
explain the motivations and potential applications of TV commercial video
segmentation, indexing and identification. Firstly, many companies in marketing
research and advertisement are interested in identifying commercial breaks from live
TV streams. They may want to verify if a TV commercial has actually been
broadcasted as contracted; and they may also want to know how their competitors are
conducting their advertisements. It is highly desirable to have an efficient system for
automatic recognition of TV commercials and storing the recognized advertisements in
a video database, which can be retrieved based on video content or textual information
from the database when requested. Secondly, many audiences do not like TV
commercials. They may want to record and watch TV programs and exclude TV
commercials. With the advancement of Personal Video Recording products (PVRs) in
terms of large of storage, it is desirable to have a TV commercial skipping system,
which detects and skips commercial automatically. Thirdly, all advertisements deal
with one of three concepts: ideas, product, and services [27]. TV commercial
classification with respect to the advertised products or services (e.g., automobile,
finance, etc.) help to fulfill the commercial filtering towards personalized consumer
services. For example, the MMS message (containing Key frames or adapted video)
can send the commercials of interest to a registered user’s mobile device or email box.
Fourthly, the technology of TV commercial has changed a lot as they are almost
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always edited on a computer. The appearance all starts with MTV and MTV
commercials are more visual, more quickly paced, use more camera movement, and
often combine multiple looks, such as black and white color, or still quick cuts [27].
Accordingly, a TV commercial archive system including browse, classification, and
search may inspire the creation of a good commercial. Marketing companies may even
utilize it to observe competitor’s behaviors [7].

TV Adverfunrs: I my progct ';m l:':wl le\'o'ﬂ:i_
brosdcasted a8 Contracted? V g by sopig TV

MM and Emad Can | sand e
Kay trama of TV r - A s Agency
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. &
MMS or Emad? =LY

Fig. 1.1. The applications of TV commercial Recognition

With the development of digitization technology, compression and archiving of
multimedia Information, it is inexpensive to store Gigabytes of video in the computer
for later retrieve. Basically, there are three ways of finding new or existing
commercials from TV streams or Video database.

1. Manual editing. Users browse through recorded TV streams to identify the
commercial break. They find individual commercials and query the TV station log
to find commercial details.

2. Text-based retrieval. Textual information is added and used to guide conventional,
text-base query.

3. Content-based retrieval. A content based search engine first identifies the
commercial break and matches each individual commercial by using their
audio\visual contents automatically.

The first two methods have several limitations. Firstly, they are all manual processes. It
is inefficient and expensive because it needs considerable amount of human time and
efforts. Secondly, it is imprecise because it is associates subjective human perception
of the content being annotated. Due to the inefficiencies and limitations of the first two
approaches, it is desirable to develop a system based solely on its content, which is the
third approach. Detecting TV commercials from long video streams and retrieving
similar or identical TV commercials from a centralized database by desktop graphic
user interface (GUI) or World Wide Web (WWW) are the crucial problems that are
highly related to video processing techniques, such as video segmentation, feature
extraction, feature vector organization, indexing and retrieval. Automatic detection of
commercials from TV broadcasting has attracted a lot of recent attention from both the
research community and the marketing industry. Existing commercial detection
approaches can generally be divided into two categories:
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1. Feature-based approaches [14, 18, 19, 20] and
2. Recognition-based approaches [1, 7, 8, 12, 13, 15, 24].

While the feature-based approaches use some inherent characteristics of TV
commercials to distinguish commercials and other types of videos, the recognition-
based methods attempt to identify commercials by searching a database that contains
known commercials. The challenges faced by both approaches are the same: how to
accurately detect commercial breaks, each of which consists of a series of
commercials; and how to automatically perform fast commercial recognition in real
time.

A representative solution to automatic recognition of TV commercials is proposed
by [20]. It utilizes monochrome frames and scene change ratio as pre-selectors, and
each commercial break is determined by the edge change ratio and motion vector
length. The main advantage of this approach comes from its high efficiency of
detection, thus is appropriate for real-time commercial recognition. This type of
feature-based approach can also be used as a filtering technique to accelerate
commercial recognition (e.g., [17]). However, this approach incurs the following
drawbacks. A generic threshold that is suitable for different TV channels and programs
is very difficult to obtained, thus a detection system based on this approach is sensitive
to TV broadcasting. Meanwhile, when black frames are not used at the beginnings and
ends of some commercial breaks (this is common for some TV stations), this type of
approach will fail. Another problem is that scene changes in commercials and some
action movies can be very similar. In other words, this approach can miss some
commercials that are not started with black frames, or falsely identify some fast-
moving movies as commercials.

A problem parallel to the problem investigated in this paper is to automatically
identify commercials from radio broadcasting. A recent piece of work proposes to use
audio fingerprints to detect repeated objects in order to locate the commercial breaks
[13]. The highly compact audio signatures are used to efficiently process the audio
stream and audio-visual streams. With the audio information, the unknown
commercials can be recognized from audio-visual streams in real time. However, this
approach assumes that repeated objects contain both same visual and same audio
information, thus it is highly dependent on the audio information. For videos without
audio information or those with distorted audio information, this approach becomes
unworkable. Duan et al. transformed the boundary detection of individual commercials
into the problem of binary classification of shot boundaries by using the video frame
information and the audio change information [7]. However, just as its previous work
[13], accurate recognition of commercials still depends on the availability of audio
information in video streams.

- Video feature
.
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= Capturing e e Fingerprint
e construction
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Fig. 1.2. TV Commercial Recognition System
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A typical automatic TV commercial recognition system consists of the steps as
shown in Figure 1.2. Firstly, live digital TV video data is captured and stored in a
computer system. All commercial breaks are identified and segmented into commercial
spots (i.e., individual commercials). There are several research efforts [2, 20, 18, 19,
22] addressing this non-trivial issue. Secondly, a fingerprint of each commercial spot is
extracted. A commercial spot comprises a sequence of image frame. Thirdly, a new
commercial spot appearing for the first time should be recognized by a human, and its
fingerprints and identifier, such as the key number, are stored in the video database.
The key number is an identity for a commercial spot provided from advertisers or
marketing agency for commercial spot identification. Finally, a new commercial spot
will be compared against commercial spots stored in the video database to check if it is
similar to any known commercial spots, using their fingerprints. The last step is the
most difficult one, in terms of both effective similarity matching and efficient query
processing. Due to many factors introduced by different broadcasting stations,
digitizing and recording methods, the same commercial video sequence could be
different (for example, slightly different frame rate and colour variations). On the other
hand, different commercial spots may have very similar video contents.

There are a number of efforts [4, 9, 23, 10, 25] in video sequence matching using
video signatures. A standard method for retrieving video is to use content-based image
retrieval (CBIR) techniques to seek frames with similar content. Considering colour
features, there are two ways to extract colour-based features: by shot or by frame. The
shot-based approach generally selects one or two representative frames from a shot
(called key frames). A video sequence can be reduced to a small set of key-frames [21,
26, 29, 28, 5], and then CBIR techniques can be employed to match key frames [3].
These types of methods suffer from the fact that it is not clear as to which frame should
be used for a shot, and the “action” (such as change of contents) within video
sequences are largely ignored. The frame-based approach simply compares every
individual frame between two clips in order to find sequences of frames that are
consistently similar [2, 20, 18, 19, 22, 6]. The frame-based approach seems to be
accurate, however, this type of signature will be very large and not efficient in indexing
a large video database. The above observations motivate us to find a new approach for
detecting video sequence similarity.

Data Collection Recognition Process Graphic User
Interface
Capturing Fesature Fi i
Process ertradion Sene catection o
Eciting
Compression Feature Commercial Break Commercial
Process Clstering Detection Classification
Weh Query
Reposttory
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Data Starage

Unknown Known
Commercial Commercial
RDMS Library Library

Fig. 2.1. System Architecture of TV commercial Detection System

2 TV Commercial Detection System Architecture

The TV commercial detection system is made of four major components — The
collection process, the recognition process, data storage management and graphic user
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interface as illustrated in Figure 2.1. In the collection process, the system records
broadcast TV data to the hard disk, and hand that recording data to the commercial
break recognition process which automatically identifies each commercial break from
recorded data. The system converts the record high quality TV data to a low quality
TV and discards all recorded high quality material except for the commercial break.
Once the commercial break has been identified they are sent to the recognition process.
The recognition process loads the commercial break and compares them against the
known commercials library. The system automatically classifies all advertisements
which has been previously captured and recognized. An operator classifies the details
of the new advertisement and makes it available for automatic recognition in the next
time when it broadcasts.

A. Data Collection Process

The data collection process runs on a computer which has a digital TV tuner card (i.e.
16 card [16] or 11 card [11]). The process captures DVB television broadcast and
encodes the programmes according to the MPEG-2 digital video standard with the
audio signal coded in line with the Layer-III format. DVB creates the first standard for
DVB-S (digital satellite TV), DVB-C (digital cable TV) and DVB-T (digital terrestrial
TV). An example of HDTV video signal has 720 X 1280 pixels/frame, progressive
scanning at 50 frames/ per second, requires.

720 x 1280 pixels 50 frames 3 bytes 138 megabytes/
frame second pixel ~ per second

The HDTV format needs 250 gigabyte disk space roughly for recording to 30 minutes
TV broadcast.

The raw data is compressed in MPEG-4 format with 3000 Kbit/s data rate, 25
frames /per second frame rate, and with a key frame every 8 seconds.

Each TV channel (station) that is captured requires 2 dedicated capture machines,
one to be a “master” or primary one (also called a “hot” machine) and other serving as
a “slave” or backup (also called a warm machine). Both machine would continuously
capture TV broadcast, the only difference is that the hot machine would store (register)
its data within the SQL database and warm one would not. In the instance that
something goes wrong with the hot machine, data is automatically “patched” from the
warm machine.

B. Recognition Process

The recognition process is running parallel with data collection process. Once raw data
is received, it performs feature extraction step.

Widao Frames Featura Space Mulbichrnensional Index

Fig. 2.2. Mapping video frames to multidimensional feature space
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The visual information of frames can be expressed in the combination of text and
computer graphics. The textual section may consistent of commercial brand name,
advertiser name and contact details. Alongside the textual, a drawing or a photo of
product might be placed with computer graphic technique. Basically, feature extraction
maps from a large information space to a smaller feature space. As shown in Figure
2.2, feature extraction process reduces the complexity of the visual information and
maps each video frame into a k-dimension feature space, and builds a multi-dimension
index structure storing the feature space representation.

Generally, the features chosen to be extracted should follow some rules. The
features should carry enough information about video frames and should not require
any domain-specific known for their extraction. They should be small size and easy to
compute in order to efficiently retrieve any interesting candidates in a large video
database. They should relate well with human perceptual characteristics so that users
can determine the suitability of the retrieved candidate video. They should be
robustness to geometric and signal based distortion.
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Fig. 2.3. The Architecture of Data Storage Process

C. Data Storage Process

The system contains three types of reference libraries - Commercial Links Library
(CLL), Known Commercial Library (KCL), and Unknown Commercial Library (UCL).
The CLL data are stored in a relational database such as Microsoft SQL Server and
Oracle. CLL contains the details of a commercial such as commercial identification
(ID), product information, duration of commercial, date and time of broadcasted,
channel information etc. Those information are entered when either a new creative
identified by the system or an old creative is matched automatically. The CLL library
has an initial set of spots whose details are entered by an operator. KCL/UCL libraries
are serialised binary files containing integer value of commercial IDs and fingerprint of
individual commercial. KCL/UCL are centralised libraries located on the Server and
are accessed by recognition process through Recognition Engine (RE). The
Recognition Engine searches KCL/UCL library when a query is raised from the
network. The Recognition Engine compares the fingerprint of a query against
the fingerprints stored in the KCL/UCL library and returns a matched candidate whose
ranking value is greater than a predefined threshold. The Recognition Engine is a
multi-threads process and is configured as a singleton object handled all queries in the
queue. The KCL library contains all known commercials that are validated by
operators. The UCL library contains the new commercials that are broadcasted for the
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first time and have not been confirmed by operators. For example, assume that the
CLL contains almost all broadcasted spots. So if a new commercial is broadcasted for
the first time and is surrounded by known commercials, by detection the commercial
break precisely, the system will learn a new commercial appeared. Thus, an unknown
commercial is added into UCL library. The Figure 2.3 demonstrates the architecture of
data storage process. In the system, a user can submit a query through a web or an
application by providing a sample clip, a video name, a URL or a product name and
specify the search mechanism he/she wants. By using the functionality of RE, the user
can easily identify which mechanism returns more accurate results.

D. Graphic User Interface

The main Graphic User Interface (GUI) of the system is the TV editing screen as
shown in Figure 2.4. The TV editing program runs on the operator workstation and is
designed to verify auto matched commercial and identify new commercial. The TV
editing operator views and monitors a 24-hour log of TV station broadcast consisting
of all programs and advertisement broadcast from mid-night to mid-night. In the TV
editing program the operator will identify any programs and new commercials or non-
commercial activities.

Fig. 2.4. Graphic User Interface

3 Conclusion

In this paper, commercial detection methods have been studied. The proposed TV
commercial detection system is made of four components — data collection,
recognition, data storage management and the GUIL In the collection process, the
system record live digital TV content to the hard disk and hand that recording data to
the commercial break recognition process which automatically identifies each
commercial break from the recorded data. The recognition process loads the
commercial break and compares them against the known commercial library. The
system automatically classifies all advertisements which have been previously
classified and recognize them.
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Abstract. Investment efficiency on power grid enterprises evaluation is an
evaluation of proportional relationship between investment results and
investment consumption. The rationality of evaluation depends on evaluation
model, the most important part of evaluation model is the enactment of weight.
As a long-tested weight method, entropy weight coefficients method is reliable
and objective. In this article, we discussed a entropy weight coefficients method
that applicable to the investment efficiency on power grid enterprises
evaluation. The computer realization method is also disscussed in this article.

Keywords: entropy weight coefficients method, J2EE, power grid, investment
efficiency.

1 Introduction

With the continuous development of the national economy and increasing living
standards, the social demand for electricity and the power grid annual investment is
also increasing. In order to avoid ineffective investment, arrange investment in
science, it is necessary to build a scientific and effective evaluation model to access
the investment result on power grid. To build evaluation model, index system should
be established first, then set the index weights of the index system. Index weights
reflects the importance of the index in the accessment. Different weights have a direct
impact on the evaluation results. So it is critical important to choose a good index
weights method.

Index weights method is a method that define index weights by judgment matrix
consist of index value in objective condition. It try to eliminate the subjectivity of the
weight to make assessment results more practical[1].

2 Index System of Investment Efficiency on Power Grid

The development of power grid is a complex project, the evaluation of the
development is also a complex project with many attributes. To find a scientific and
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objective evaluation method to build a quantized evaluation index system is
important. Each index in index system reflects different aspect of the investment
efficiency situation. A reasonable index system not only can access the investment
result in every aspect but also fairness. The value orientation of the power grid reflect
in five aspects: The primary goal of the development of power grid is running secure
and reliable, the ultimate goal is providing reliable and high-quality power to user, the
higher goal is the sustainable development of power grid, the main aspect is the high-
efficiency development of power grid, the trend of future development is Strong and
Smart Grid. Considered from the characteristic and value orientation of power grid,
the evaluation can be divided into five subsystems[2]. They are: safety, reliable, high
quality, coordination and economic. Then build the evaluation index system by
choosing index from these five points of views. And the indexs are: substation-
installed capacity ratio, capacity-load ratio, N-1 checking, CO2 emission reductions,
URT distribution, RSI, rural electrification level, wire maximum load factor,
electricity sales amount, line loss per unit.

Index system of investment
efficiency on power grid

RSI
| substation installed
capacity ratio wire maximum load
factor

capacity load ratio —
electricity sales

amount

N 1 checking

rural electrification
level

C0, emission
reductions

L 1line loss per unit

L | URT distribution

Fig. 1. Index system of investment efficiency on power grid

3 Evaluation Model Based on Entropy Weight Coefficients
Method

The concept of entropy was originally derived from thermodynamics, to describe an
irreversible phenomenon in motion. It was first introduced in information theory by
Shannon, and widely used in engineering, socio-economic and other fields. In
information theory, entropy is a measure of disorder level of the system. It is defined
as follows: when the system can be in n different states, the probability of each state is
pi(i=1, ..., n), then the entropy of the system is

E:_zpilnpi (1)
i=1
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In particular, when p; values are equal, that is p;=1/n, then the entropy has the
maximum value E,=Inn. Entropy reflects the degree of variation. The smaller the
entropy of an index is, the bigger the degree of variation is. The bigger the degree of
variation is, the more information it takes, and the more important it is in the
evaluation, then the bigger the weight is. Otherwise, if the entropy of an index is big,
it reflects that the degree of variation is small, so the weight is small. [3]Therefore, in
the specific analysis process, we can according to the degree of variation of each
index, using entropy to calculate the weight of each index, then weighting each index
to get more objective evaluation results.
Entropy weight coefficients method can be divided into the following steps:

1)  Assuming an evaluation in m indexs to n region samples, x;; is the value of
index j(j<=m) to sample i(i<=n), they consist the original matrix X=(Xj)p#n -
2)  In order to reflect the actual situation, to exclude the influence caused by unit
or magnitude of different index and avoid unreasonable phenomenon,
extremum method was used to make the indexs dimensionless in this article.
a) Positive index is a kind of index that its value is the bigger the better, its
dimensionless method is:

xi _'xmin

d, =——— x_ . =max(,,..x,),x, . =min(,,..x,) 2)

X - xmin

max

b) Negative index is a kind of index that its value is the smaller the better,
its dimensionless method is:

X, — X )
d, =—""—— x_, =maxg,,..x, ),x, . =minf,,..x,) (3)
Xpax =X

max ‘min

c) Appropriate index is a kind of index that its value is better in an
appropriate intevel, its dimensionless method is:

X —X
=" sy
X —X v

max up _
X =Max(,, x,..x,),

m

d =lx,, <d <x . 4)
low —
i ow =i up X, =minf,, x,..x, )
X —X_.
_ i min
di - ’di < xlow
xlow _xmin

The x,, and X, represent the upper limit and lower limit of the
appropriate intevel.
3)  According to the definition of entropy, the entropy of index j is:

1 m d
E =——— InfYi=1.mj=1..n),f =—2
=T QA== = s

Jj=1

To make sure formula is significant, when f;;=0, we set fjInf;;=0.
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4)  The weight of each index can be computed then:

w o

-3k ©
j=1

n is the amount of indexs. Obviously the sum of index weights is 1.
5) Atlast, the score of each region can be computed:

S, = Zld’jo (7
J=

For the indexs are in different dimensions, the dimensionless values are used instead
of original values. The range of the dimensionless values are O to 1, so the scores are
in 0 to 1.

4 The Implement of the Model

4.1 Application Designer Framework

The evaluation method described in this article is highly generability. So the
extensibility of the system should be token full account. As a fully-fledged
architecture, J2EE is high availability, high reliability and extensibility. The system
will follow J2EE architecture, development using B/S architecture[4].

Client Layer: Running on the client-side. It is used for showing the pages sending
from the presentation layer, responding to user actions and sending messages to
presentation layer. It is usually IE Browser in B/S architecture.

Presentation Layer: Running on J2EE server. It is used for producing pages to user
and handling the client's request, then sent to the business logic layer for
processing. Struts framework is used in this system. Struts is a good combination
of Spring Framework. If you add configuration of Spring plug-in in the Struts
configuration file, you can initialize Spring during the initialization of Struts, and
handle the action of Struts by Spring. Struts framework can divided into three
parts, they are model, view and controller, and make sure every two parts of them
are loose coupling. Structs also enrich JSP tags in view layer by customizing tags.
It makes the web design more convenient [5].

Business layer: Also running on the J2EE server. It is used for handling the
business logic and managing transactions. Spring framework is used in the system.
The core of Spring is IoC(Inversion of control)/DI(Dependence Injection). IoC is
to extract the dependence of modules, and leave it to container to do the
configuration. DI is a more vivid explanation to IoC. Its definition is to inject the
dependence (for example, construction parameters, construction object or
interface) dynamic to modules during the running time. There are three implement
types in IoC/DI mechanisms. They are: interface injection (Factory pattern),
constructor Injection(implement dependence in construction method), setter
injection(implement dependence by setter method).
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Data persistence layer: Data persistence layer encapsulate the data access detail,
and provide object-oriented API for business layer. Hibernate is used in this
system to provide data access services. Hibernate is a fully-fledged O/R Mapping
framework that supporting most of main current database. [6] It also support
Parent/Child relation, transaction processing, extends, and polymorphism. The
system use DAO (Data Access Object) design pattern in data persistence layer. By
using DAO, data persistence layer encapsulates and abstracts all the accessing to
data source and reduce the degree of coupling between business layer and itself.
DAO completely hiding the implement detail of data source to client. Database is
accessed by DAO when the data is needed. While the implement of data source is
changing, the interface to client provide by DAO will not change, it will not affect
client or business module.

Database layer: Database layer used for saving basic data for business process.
Oracle is used in this system.

Presentation Bussiness Data persis —
W layer layer tence layer
E Hibernate
Spring :(> D
B '::>
Struts MVC transaction databas.e/ A
B management connection T
:\‘ D pool A
R . (— Hibernate
0 StrutsAction, A Session Query B
W ctionform, management support and A
S JSP, Struts con other <:: S
<1J:| fig. xml .
E &x Bussiness Hibernate E
R service class service
S —

Fig. 2. Web Application Framework

4.2 Implement of Program Function

1)

implement of presentation layer: Presentation layer is used for showing index
weights and index score to users. Jsp is used in this system. For a more
personalized interaction, the system use fusioncharts for generating pie chart and

column chart to showing the results. The correlative code is:

//transmit data for the pie chart

chart. setDataXML("S{piexml}");

//define a column chart

var columnchart = new

FusionCharts ("${basePath}resource/flashChart/Column3D.
swf", "ChartId2", width, height , "0", "0");
//transmit data for the column chart

chart. setDataXML ("S${columnxml}") ;

</script>

//quotation of fusioncharts

<script type="text/javascript
src="${basePath}js/FusionCharts. js"></script>
<script>

//define a pie chart
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var piechart = new
FusionCharts ("${basePath}resource/flashChart/Pie3D.
swf", "ChartId", width, height , "0", "0");

2) Implement of business layer:Business layer implement the business logic of

evaluation calculation, including the business logic of weight calculation and
score calculation.

public interface EntropyWeigh/({

// dimensionless methode

public double[][][] toOne(double[][][] idxData) {

}

// entropy weight coefficients method

public double[] entropyMethod(double[][][] idxData) {
}

//evaluation method

public double[] evaluation(double[] weights, doublel[][]
idxData) {

}

3) Data persistence layer: Data persistence layer used for handling data accessing

5

operation. The Schema file is:

<?xml version="1. 0"?>
<!DOCTYPE hibernate-mapping PUBLIC "-
//Hibernate/Hibernate Mapping
DTD//EN" "http://hibernate. sourceforge. net/hibernate-
mapping-2. 0. dtd">
<hibernate-mapping>
<class name="IndexInfo" table="INDEXINFO">
<id name="id" column="INDEX_ID">
<generator class="increment"/>
</id>
<property name="name"
column="INDEX_NAME" type="java. lang. String"/>
<property name="idxvalue" column="INDEX_VALUE"
type="java. lang. Doule"/>
</class>
</hibernate-mapping>

Conclusion

In this article, entropy was introduced into the calculation of index weights, and build
an evaluation model of investment Efficiency on power grid enterprises. As a strong
objective evaluation method, entropy weight coefficients method reduces as much as
possible human-subjective influence to the evaluation. Ensure the objectivity and
reliability of evaluation results.

Index Weight Calculation Model is based on mathematical theory, calculation of

complex weights by compute can help reducing the workload of manual, improve the
accuracy of calculation, avoid human error resulting from the calculation. By using
pleny of charts, the user experience is greatly improved. The program provides service
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to the Power Grid enterprise evaluation model, simple operation, flexible interface
design, good usability. As a full-fledged weight method, entropy weight coefficients
method is scientific and reliable.
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Abstract. After referring several cases of management information system and
RFID system, we design a novel and practical system for housewares store. We
use the RFID tags in a different way - Passive Data Storage. In the paper, the
structure and implementation of the system is described in detail. A case study
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1 Introduction

With the development of information industry, people need to handle more data and
information, so the management information system comes out. A management
information System (MIS) [1] is a system that provides information needed to manage
organizations effectively. It involves three primary resources: technology, information,
and people. Thus, there is a typical problem that how to organize the three parts to
work more effective.

An MIS is a planned system of the collection, processing, storage and dissemination
of data in the form of information needed to carry out the management functions. The
traditional systems need people to do more work for typing information. Even though,
the technology has taken some conveniences, for example, powerful software can
process information perfectly, it is seen that the three parts are also separate. We
imagine a mode that information is to be related to the things, so that people just use
technology to read the information from the target. Therefore, the processes of
management become easier.

After many explorations, we finally focus on the RFID tags (Radio-frequency
identification) [2]. We use the RFID tags in a different way. In some traditional
occasion, the RFID tags just use for a mark, they just provide a number so that the
supermarket or warehouse can identify them. But if we do not have the database of the
tags, we can know nothing about the targets.

So, for more effective operation, we design a system for this management theory.
The service object of the management system is housewares store. After referring
several cases of management information system [3] [4] and RFID system [5], we
design a rapid and practical system for housewares store. It mainly includes RFID,

Z. Gong et al. (Eds.): WISM 2011, Part IT, LNCS 6988, pp. 51-54, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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Bluetooth, and Embedded Software and other technologies. This management
information system will show these advantages as follow:

The information of housewares could be input to RFID by laptop and PDA;

The RFID tags contain various information about the items;

Paperless office;

We use device around us just like laptop and PDA so that process will
convenient and effective.

2 System Description

The Housewares Store Management System has four parts, can be seen in Fig.1,
which include some passive data storage equipment, a handheld RFID reader/writer, a
handheld personal digital terminal or a laptop.

Reader/Writer

Laptop
Fig. 1. Devices and their structure of the system

The passive data storage equipment, which is also called passive tag, is used for
recording the information. And the handheld RFID reader/writer (we call it
reader/writer for short) connects the tag with RF-Signal (Radio Frequency Signal). The
handheld personal digital terminal, which is a PDA (Personal Digital Assistant) in our
actual system, connects the reader/writer with Bluetooth signal. And the Laptop is also
connected to reader/writer by Bluetooth signal.

The tag contain at least two parts: one is an integrated circuit for storing and
processing information, modulating and demodulating a radio-frequency (RF) signal,
and other specialized functions; the other is an antenna for receiving and transmitting
the signal.

The reader/writer is composed of RFID module, Controller, Bluetooth module and
Supply Circuit. The RFID module includes antenna, radio-frequency identification
unit, and digital signal processing (DSP) unit. The RFID tag returns slight signal to
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Fig. 2. The composition of RFID reader/writer

the antenna, then the radio-frequency identification unit turn the analog signal into
digital signal. The DSP unit processes the signal, demodulate the information, and send
the information to the controller with serial port. The controller transmits the
information to the Bluetooth module. Then the Bluetooth module sends Bluetooth
signal to the laptop or the PDA, so that we can require information from terminal.
Similarly, we can write some information into the RFID tag by using the contrary path
(The whole process can be seen in Fig.2).

The program in the terminal must be designed for completing the function of
checking tag and writing information. Nowadays, the smart devices have been more
and more popular. One of the conveniences for the smart device is the intelligent
operating system. When we design the program, we can only focus on how to build
the connection between devices. And we do not need to know how the connection
works. The program sends and receives message through the serial port. We make a
protocol for communication. The process of building connection is very simple. First,
initialize the program, create two threads. One is to control the RFID reader/writer to
have right operation; the other is to build the connection between the PDA and the
RFID reader/writer, and maintain the connection. When the user has some operation,
the program translates the operation into a command by the protocol, and sends the
information to the RFID reader/writer. Then the program waits for the return value to
show the result.

3 Software Implementation

The software implement parts include two types. One is running on the reader/writer,
the other is running on the PDA.
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Fig. 3. The process of reading/writing tags

Diminution Halt

The program runs on the reader/writer is written by C-Language for MCU. When
the RFID tag comes into the identification range of the RFID reader/writer, the
reader/writer turns into work mode. The program must finish these missions. First, the
reader/writer answers to reset, and the tag and the reader/writer must have same
protocol and same communication baud rate. Then, there is an anti-collision loop for
sometimes when several tags come into the identification range. This anti-collision
loop will choose one tag to operate. After selecting tag, the reader/writer makes thrice
mutual authentication to confirm the sector which to be accessed. The reader/writer
checks the codes and then operates the data block on the tag. When the tag leave out of
the range of reading, the reader/writer will halt, and turn to the initial state to wait
another tag.

The program in the PDA terminal must be designed to complete the function of
checking tag and writing information. Nowadays, the smart devices have been more
and more popular. One of the conveniences for the smart device is the intelligent
operating system. Here we use Windows CE as the operation system. Therefore, the
message mechanism is mature [6]. When we design the program, we can only focus
on how to build the connection between devices. And we do not need to know how
the connection works. The program sends and receives message through the serial
port. We make a protocol for communication.

The process of building connection is very simple. First, initialize the program,
create two threads. One is to control the RFID reader/writer to have right operation, we
call it “main thread”; the other is to build the connection between the PDA and the
RFID reader/writer, and maintain the connection, we call it “communication thread”.
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The main thread create operation interface. Meanwhile, the communication thread
configures the port’s parameters. When the user has some operation, the program
translates the operation into a command by the protocol, and sends the information to
the RFID reader/writer. Then the program waits for the return value to show the result.

The Fig.5 shows the devices that use in the management information system. The
left side device is reader/writer; the right side device is a smartphone which uses
Windows CE operation. We can see the operation interface on the screen.

4 Conclusion

We have made this system on trial for the housewares store. There is a good effect
gained in practice. The combinatorial innovation always brings a new effective way to
solve problem. The RFID technology is introduced into the management information
system. We also consider the fastest method to achieve the goal, which reflects
system engineering idea. The Passive Data Storage Based Housewares Store
Management System gives people a more effective mode for management
information system application. We use the RFID tag as another form of storage and
identification. A different usage of the existing technology may lead a more effective
solution. Therefore, if this system can be used in the similar condition, there may be a
more amazing effect.

Acknowledgments. The technique and design of the system mentioned in this paper
have been applied for a patent, Patent Application Number: 201120109605.6,
201110093831 .4.
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1 Introduction and Main Results

In this paper, we consider the following boundary value problems of second-order
difference equations

P) ~A’u(t-1)=g(t,u(t)), tel[l,T],
u(0)=0, Au(T)=0,

where [1,7]={1,2,---,T}, Au(t):=u(t+1)—u(t)is the forward difference operator,
Au(t) = A(Au(t)) , with g(,0)=0 for te[l,T] . Clearly, (P) has the trivial
solution =0 . We are interested in finding nontrivial solutions for (P). The
existence of nontrivial solutions of (P) depends on the local properties of g near

infinity and near zero. Here, we consider the cases in which g is resonant both at
infinity and at zero, i.e.g satisfies

gt.x)=Ax+o(x), Vie[LT]|x|— e, (1.1)
gt,x)=A x+o(x), Vre[l,T], x—0, (1.2)

m

where A, 4, are two eigenvalues of the linear boundary value problem

—Au(t-1)=Au(), te[l,T],
(R)
u(0)=0, Au(T)=0,

The existence of solutions for difference equations has been studied by many authors,
and some results were obtained by using different methods such as fixed point

f The project is supported by the National Science Foundation of Shanxi (No. 2011011002--4).
** Corresponding author.
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theorems or upper and lower solutions methods or critical point theory. For the
details, we refer to [3]—[5],[13], [15],[16] and the references therein. In this paper,

we consider the existence of multiple solutions for (P) with resonance at both
infinity and zero. We make the following assumptions:

(5 1f oy g
u

n

u,| — oo, then there exist £ >0, Ne N such that

ii ftu, @)y, (t)=2€, n=N,
t=1

where f(t,x)=g(t,x)—Ax,u, =v, +w, v, €V,w eV
(g*) There exist d,¢,,c, >0 and 7>1 such that

¢ |x|T < |g(t,x)—/1mx

+Hg(t,x)—4,0x20, Vte[LT], [x<é.

T
Scz|x| s

The main results in this paper are the following theorems.

Theorem 1.1. Let (1.1) hold, and g/(#,0)< A,. Then (P) has at least four nontrivial

solutions, among which one is positive and one is negative, provided that either of the
following conditions is fulfilled:

i) (f7) and ke[2,T];

(i) (f") and ke[3,T].
Theorem 1.2. Let (1.1) hold and k£ =1. Then (P) has at least two nontrivial solutions
in each of the following cases:

i) (f").(g") and me[2,T];

() (f*),(g") and me[LT],m#2;

(i) (f7),(g") and me[LT];

(iv) (/7). (g7) and me[2,T].

2  Preliminaries

Let E be a Hilbert space and J e C*(E,R) be functional possessing the deformation
properties. Let u, be an isolated critical point of J with J(u,)=c, and U be a

neighborhood of u, , containing the unique critical point, the group
C,(J.uy)=H (JNU,J \{u,DNU), geN

is called the g-th critical group of J at u,, where J* ={ue ElJ(u)<c}, H (A, B)
denotes the g-th singular relative homology group of the topological pair (A,B) with
integer coefficients.
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Denote K ={ue E1J'(u)=0}. Assume that X is a finite set. Take a <inf J(K).
The critical groups of J at infinity are defined by [2]

C,(J,00):= Hq(E,J“), ge N.

Using these concepts, we have the following famous Morse inequality [7]:

Z(—l)q‘-’M ;2 Z(—nq--" B, qeN (2.3)
DM, =D (-1, (2.4)

where E, =Y rankC,(J.u), B, = rankC, (J o).
Let u € K be an isolated critical point of J such that J”(u) is a Fredholm operator

and Morse index #(u) and the nullity v(u) of u are finite. We have the following
facts about the critical groups of J at u:

@) C,(J,u)=0, qge [u),u(u)+v@)].

(ii) If u is nondegenerate, i.e. v(u)=0, then C (J,u)= é‘q,#(u)Z.

Proposition 2.1. [12] Let 0 be an isolated critical point of Je C*>(E,R). Assume
that J has a local linking at 0 with respectto E=E @ E*,[=dimE™ <<, i.e. there
exists p >0 such that

Jw) <0, for ue E, |u] < p,
J() >0, for ue E*,0<|ul < p.
Then C,(J,0)=6,,Z, if 1=pu(0) or I=x(0)+v(0).

Proposition 2.2. [2] Let the functional J : E — R be of the form
J(u) :%<Au,u>+Q(u), (2.5)

where A:E — E is a self-adjoint linear operator such that O is isolated in 6(A), the
spectrum of A. Assume that Qe C'(E,R) satisfies

Write Vi=kerAW =V*=W ®W" where W* are subspaces on which A is
positive (negative) definite. Assume that #=dimW~ and v =dimV #0 are finite

Q') = o(ul), [juf = . (2.6)

and J satisfies the deformation condition. Then
C,(J,») = 5q,kiZ, k"=u, k=u+v, geN,

provided J satisfies the angle conditions at infinity:
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(AC) Thereexist M >0 and o< (0,1) such that
+(J(u),v) =0

for u=v+we E=VOW, ||u|| >M, ||w|| < a”u"

3  Proofs of Main Results

Let E={u:[0,T+1]—> RIu(0)=0, Au(T)=0} denote a finite-dimensional real

Hilbert space with inner product (u,v) = Z;u(t)v(t) and norm ||u|| = (u,u) For
any ue E, denote ||u||p = (Z;|u(t)|p)””, p21. Then there exist a,,b, >0 such
that

a, | <]ul, <b, ], Vue E. 67

It follows from [9] that A, =4sin> 5=, te[1,T] are the distinct eigenvalues of

F), ¢, te[l,T] are the corresponding orthogonal eigenvectors, where

¢(z)_sm“2' 2% ie[1,T]. Then ¢ >0. For ke[2,T-1],E can be split as

2T7+1 °

E=W ®V®W", where

W= =span{@,,--, 0.}, V :Span{¢k}’w+ = span{ @, -, ¢r }.

Every vector ue E can be written as u=u +v+u', where u e W™, u" e W",
ve V . Define the functional J:E — R as

1 T T T
J (i) =EZ|Au(I—1)|2 —%Z|u(t)|2 - F(t,u(), uekE, (3.8)

where F(t,x) = jo f(t.s)ds, f(t,x) = g(t,x)— A x. Thenitis easy to show that J is of

C*(E,RR) with Fréchet derivatives given by

(J'u),v) = [=A%u =)+ Au) + f(t,u(®)v(). (3.9)

Hence the solutions of (P) are exactly the critical points of J in E.

Lemma 3.1. [11] Let (1.1) and (/") (or(f7)) hold, then the functional J defined by
(3.8) satisfies (C) condition.

Lemma 3.2. [1] Let he C([L,T]xR,R) and H(t,x):jo”h(r,s)ds. Then the

functional defined by
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J () = %Z|Au(z‘—l)|2 ~ > H(t,u())
=1 t=1

satisfies (PS) condition in each of the following cases:
(i) h satisfies h(t,x)=0 for x>0 and te[1,7] and

lim h(t x)

X—>oo X

a>A, te[lT] (3.10)

(i1) h satisfies h(t,x)=0 for x>0 and te[1,7] and

lim h(t X)

X—>—o0 X

—a>4, te[lT]. @3.11)

Lemma 3.3. [11] Let (1.1) hold. We have
1) C (J,00) = qk Z provided (f~) holds,

(i1) Cq(J,oo): q_kZ provided (f*) holds.

Lemma 3.4. Let g satisfy (g") (or (g7)). Then J has a local linking at 0 with
respect to  the direct sum  decomposition E=E ®F", where
E™ =span{@,--,8,} (or E~ =span{@,,---,¢, ,} respectively), E* =(E")".

Proof. Suppose that (g*) holds. Then

S <Gl -t <27
o 0.0 <y

where p=7+1>2, G(r,x)zj:g(t,s)ds. Let E- =span{,.,---.¢ } . Then

E" = span{@, .., @} .
Forany ue E*,llull<d implies lu(r)I< 6 for t€[1,T]. Then we have

ﬂ’mﬂ L 2 ﬂ’m T 2 62 q
J(u) 222 Tu(n) P =22 Tu(e) P === Tu(n)1?
2 =1 2 t=1 P =1

A=A c
2
L 7N [ — 7N | L
p
Yy b c
2 2
AL N | 7] [ atsy | PR L
p

Noting that p >2, we can choose 0< p<¢d small enough such that J(u)> 0 for
O<llull p,uec E*.
For ue E™,similarly, llull<d implies lu(¢)I<J for te[1,T]. Thus we can get

J(u)S%”ilu(l)lQ Z| (t)lz——ZIM(t)|”= ||u||"<0
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This implies that J has a local linking at O with respect to E=E~ @ E* . The case in
which ( g~ ) holds can be similarly proved.
Now we give the proofs of Theorem 1.1--1.3.

Proof of Theorem 1.1. We only prove the case (i), the case (ii) can be similarly
proved. By g/(z,0) < 4,, a simple computation shows that #=0 is a local minimum of

J. Hence
Cq(],O) = é‘q,OZ, ge N. (3.12)

Set

ts s 207
(6, ) = g(t,x), x
0, x<0,

andlet H,(t,x)= J.(j h,(¢,s)ds . Define the functional J, :E - R as

T, (u) =%Z|Au(z‘—1)|2 -y H,(t.u(r), ucE, (3.13)
t=1

t=1

Then the critical points of J, are exactly the solutions of the problem

P) ~AN'u(t—1)=h, (t,u(), te[l,T],
u0)=0, Au(T) =0,

and the nonnegative solutions of ( P, ) are the solutions of (P).By Lemma 3.2 (i), we
see that J, € C*°(E,R) satisfies (PS) condition.
Since g/ (1,0)<A,u=0 is a strictly local minimum of J, . Hence there exist

p>0,7>0 suchthat J, (u)27,ue E with |u|=p. Since ¢ >0, by (1.1),
J, (s@) —> —o0, 5 —> oo, (3.14)

By Mountain Pass Theorem [14], J, has a nontrivial critical point u, . Now we
prove that u, (1)>0 for re[l,T]. Let ie[LT] be such that u(i)=min,_,, u(})).

An immediate computation gives
Au, (i) =0, Au, (i-1)<0.
If u (i)<0, then —Azu+ (i-1)=0. Hence u, (i—1)=u,(i+1)=u,(i)<0.Repeating
the process we can get
u, ) =u Q=--=u, T +1),
i.e., we get u=0. It contradicts that u, is a nontrivial critical point of J, . Hence

u, >0 is a critical point of J. Moreover, by using the results in [7] and the critical
group property for a mountain pass point [7], we have
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C,Ju)=C,(J, u)=6,Z, qeN. (3.15)
The same argument shows that J has a nontrivial critical point u_ <0 with
C,(J,u)=6,Z, qeN. (3.16)
By (f") and Lemma 3.3 (ii),
C,(J,»)=6,,Z, qeN. (3.17)

It follows from the relationship between the g-th Morse type number and the g-th
Betti number that J/ must have a critical point u, such that

C,(J,u,)#0. (3.18)
Since
(@, -1 0 0 0 0]
-1 a, -1 0 0 0
” 0O -1 a --- 0 0 0
J (”0) = : : : : P
0O 0 O -1 a,_, -1
10 0 O 0 -1 a;|
where

a, =2-g/(tu, (1), 1e[L,T-11, a, =1—g/(T.u,(T)), dim ker(J"(u,)) <1,

by Shifting theorem and the critical groups characterizations of the local minimum
and the local maximum [7],

C,(J.u)=d,,Z, qeN. (3.19)

It follows from k =>2 that u,,u_ and u, are three nontrivial critical points of J. If
K={0,u,,u_,u,}, then Morse equality (2.4) reduces to

D’ + (=D + D+ (=D = (=1,
which is impossible. Thus, J must have the fourth critical point u, # 0. Therefore,

u,,u_,u, arefour nontrivial critical points of J.

Proof of Theorem 1.2. Since (g*) (or (g7))implies g/ (z,0)=A, for all re[1,T]
or (1.2), u =0 is a degenerate critical point of J with Morse index #(0)=m—1 and
the nullity v(0)=1. We only prove the case (i), the other cases can be proved in a
similar way. By Lemma 3.4 and Proposition 2.1,

C,(J.0)=6,,Z, qeN. (3.10)

For k=1, we get the following formulas by (3.17) and (3.18)
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C,(J,)=38,Z, qeN, C/(J,u))#0.

Therefore u, is a mountain pass point of J and then

C,(J.u) =6, Z, qeN. (3.21)

As m#1,u,#0. If K={0,u,}, then the Morse equality (2.4) implies

D"+ (=D =(=D".

It is impossible. Thus J has another nontrivial critical point u,.
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The Application of the GPRS Network on the Design of
Real-Time Monitor System for Water Pollution Resource
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Abstract. In order to design the real-time monitor system with good
performance, the application of GPRS network on it was studied in depth.
Firstly, the importance of designing a real-time monitor system was introduced,
and the basic theory of GPRS network was explained; and then the theory
principle of real-time monitor system of water pollution resource was analyzed.
And then methodology of GPRS network was studied. Finally the hardware
device, software and theirs corresponding function were designed. And the
application of this monitor system of water pollution resource was good when it
was applied in actual engineering.

Keywords: GPRS, real-time, Monitor system, water pollution resources.

1 Introduction

Monitor of water pollution resources could grasp and understand the condition and
tendency of waste discharge, and the monitor results and materials were main basis for
executing environmental laws and standard, and develop environmental management.

Real-time monitor system of water pollution resources based on GPRS was a
comprehensive online instrument which was made up of analysis software and
communication network used modern sensor technology, automatic measuring
technology, automatic controlling technology, computer technology and other relating
technologies. Real-time automatic monitor system of water pollution resources was
made up of field monitor station system, data transfer system, monitor center of water
pollution resources and remote monitor and management system of water pollution
resources system. Monitor system could monitor data of water quality constantly and
dynamically, and the statistical operations and deals with data were carried out, and
formed all kinds of reports and figures and tables, and the monitor results were
transferred to monitor center and environment protect policy.

The full name of GPRS was General Packet Radio Service, which was a system
made up of GSMPhase?2 and standard realization, and it could offer quick data transfer
efficient. GPRS network could offer end-to-end, big field wireless IP joints, and it had
excellent goodness in a lot of engineering application fields. The dynamic management
system of water pollution resources applied a lot of virtues of GPRS network, for
example, more quick speed and quick joint, in condition that the need put forward and
was controlled by a good many generating data. GPRS network could offer real-time
wireless transfer and was very fast without a dial-up modem connection to GPS
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machine for resource data. These content was very critical mainly because there was a
little data room in GPS position information, and constant transmission should be
needed. Therefore the system of monitor system for water pollution resources could
apply GPRS network to transfer GPS position information and relating information.

GPRS network was an advanced technology for the Global System Mobile
Communication (GSM), which would amend and simplify the wireless relating to
packet data networks and so on. GPRS adds two nodes to GSM, which were SGSN
node and gateway GPRS supporting node and used a packet radio rule to efficiently
transmission client data packets between mobile stations and external networks
including packet data.

GPRS would make radio resources used efficiently, and got packet data easily, and
provide better transmission speed and billing based on volume. Recently the GPRS
which was established by European Telecommunication Standards Institute attracted
many scientists in these study fields.

Recently, monitor methods of water pollution resources had two kinds, which were
telephone line transfer and manual copy down; these methods had bad real time
capability, and would cost most money, however GPRS network had the following
advantages:

(1) GPRS users could casually distribute and mobile theirs network point, and could
not worry about the maintenance of lines, or communications were brought in radio
contact. When the new monitor point was established the lines needn’t to be distributed
and other operations. Less investment was used in GPRS network than optical fiber
device and leased line system. And it was installed fast.

(2) Price of terminal unit was relative low. Price of its terminal unit was cheaper
than that of DTU, DDN leaser line Modem.

(3) Charges of GPRS network were cheaper, and accounting cost of GPRS networks
was reasonable. Monthly payment of GPRS network was cheaper than satellite
telephone network. In GPRS network, users only established connections with network
once, and would keep these connections for a long time, and the accounting would
began when the data was transferred and the communication channel was occupied.
Therefore the monitor point need not be connected continually; and the charges of
transfer gap could not be accounted.

(4) GPRS could support the continually, light abrupt data service. The
communication quality was stable and reliable, and could not fall line.

(5) GPRS could connect with network quickly, and offer seamless connection
present data network. Because GPRS network was a group digital network and it
support TCP/IP, X.25 protocol, therefore it could be connected with group data
network directly and need not be switch connected with PSTN and other networks, the
connection speed was only a several second, and this speed was more fast than circuit
data service.

TCP was intended for use as a highly reliable host-to-host protocol between hosts in
packet-switched computer communication networks, and in interconnected systems of
such network. GPRS main element was listed in Table 1.
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Table 1. GPRS main element

Node Agent Queue
MS MSAgent Um_DL_Queue
BSS BSSAgent Gb_DL_Queue
GGSN GGSNAgent Gi_DL_Queue

2 Rule of Real Time Monitor System of Water Pollution
Resources

(1) Structure of real-time monitor system of water pollution resources
Real-time monitor system of water pollution resources was made up of mobile

terminals derived by equipment, a dispatch center and GPRS network, which was
showed in Figure 1.

Q Data Server
Satellite network N
&0
GPRS MNetwork
@ B weoc ication 5
— [B —z__ P | Web Communication Server
&

Terminal

Hy Y

Monitor user user user

Fig. 1. The structure figure of GPRS network for monitoring water pollution resources

The mobile terminals could got GPS information and compute the data relating to
water pollution resources. The signals of water pollution resources could be got
through connecting the expansion interfaces of mobile terminals in the monitor system
to a lot of control lines and examination. All kinds of data could be imported to the
monitor center using GPRS and internet.

GPRS was a communication network could transfer the data of water pollution
resources, which was in the middle of dispatch center and mobile terminals, such as
alarm data of water pollution resources to the dispatch center, and then the control
commands could be imported to the monitor system.

3 Linear Programming Model of Real Time Monitor System

(1) Modeling of real-time monitor system

A model of monitoring water pollution resources was established for real time monitor
system. The number of water pollution resources was defined as #1, the number of
monitor station of water pollution resources was defined as 7, the number of water
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pollution resources (i) to the number of monitor station ( j ) was defined as xl.j , the

water quality level ( f ) could be got according to water pollution resources (i) was

defined as g L the monitor station quality level (S ) could be got through the monitor

station ( j ) was defined as g, the corresponding constraints were defined as
following:
(a) The number of water pollution resources and water quality level. The number of

water pollution resources monitored by monitor station should be within the scale of
capability of monitor station, and the following conditions should be meeting:

0 <3, <A, (j=120m) 0
i=1

where X;, was the number of water pollution resources (i) for monitor stations

( ] ), A was maximum number of water pollution resources, and Ql. was the

capability of monitor stations.
(2) Minimum task of monitor station of water pollution resources. In the

environmental project, every monitor station could be given a minimum monitoring
work. Assume that the minimum monitor work ( 7) of monitor station ( j ) was Q i

the following equation was could be got:
Dx,20, 2
i=1

(3) Non-negative constraint conditions. The number of water pollution monitor offered
by a monitor station could not be negative; the following condition could be needed:

Xij (i=12,---,m;j=12,---,n) 3)

(4) Objection equation. The target water pollution level of the water pollution
resources was defined as g and its mistake scale should be not more than 5%. Based

on the actual status of water pollution resource, the error from real water pollution
resources and object water pollution level at every monitor station of water pollution
resources should be minimized by the objective function, ie.

n

min 5= (00,00, %8, )
i=1

j=1
where, g, denoted the water pollution resources level offered by water pollution

resources (i) and Q ; the task of monitor station ( j ). Based on the real water pollution

resources requirement, the above mathematics model was improved through giving a
new constrain.



The Application of the GPRS Network on the Design of Real-Time Monitor System 69

m
2 %8s
i=1

(2) The solution of mathematical model
The above model was coped with two step means, In the first step, there were many

Xy seees

>0, 9

new more than or equal to zero variables, which were defined as (X, ., ,

X,,, ), were amended in the mathematical model. The object of this operation was to

make the m-moment unit sub matrix concluded coefficient matrix A , which could be
expressed as follows:

A= (b)) meny I =12 wm3 j= 12,0+ h )
In the first step, the summary of every amended artificial variable was decreased, the
corresponding function could be expressed as following:

n+h

min Z, = in @)

i=n+l

If the good resolution of Z; =0 could be got. Every amended artificial variable were
non-basic variables, but the m original variables, before the addition, were basic
variables. This left an m-moment unit sub matrix in the coefficient matrix when the
corresponding column of artificial variables was deleted and it was assumed that this
was the initial feasible base B, . Then we turned to the second step of the two-stage

means to deal with the mathematics equation. Or there was no optimal resolution for
dealing with this mathematics problem.

4 Methodology of GPRS Network

The standard TCP receiver formed reset packets when packets were received through
an aborted joint. An optimal algorithm was put forward for keeping back the delivery
of aborted information over the last-hop link Um_DL_Queue, which was defined as
Fast Reset. When SGSNAgent got a reset packet in up link (UL), decreased every
packet that was the flow to that of the reset packet in SGSNAgent and BSSAgent.
Therefore, these unnecessary packets need not be transferred to MS keeping up limited
radio bandwidth and battery power of M S.

If a DL packet’s fields were same as that in the stored information database of its
session but for the sequence account was less than the acknowledgement amount,
therefore this duplicate packet could decreased.

UL IP and TCP packet-fields stored by SGSNAgent and DL IP and TCP packet-
fields to be contracted were listed in Table 2 and Table 3.
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Table 2. UL IP and TCP packet-fields stored by SGSNAgent

Field Length
IP destination address 64bit(ipv4)/512bit(ipv6)
IP source address 64bit(ipv4)/512bit(ipv6)
TCP destination port 32bit
TCP source port 32bit

Table 3. DL IP and TCP packet-fields to be contracted

Field Length
IP destination address 64bit(ipv4)/512bit(ipv6)
IP source address 64bit(ipv4)/512bit(ipv6)
TCP destination port 32bit
TCP source port 32bit

5 Monitor Centers of Water Pollution Resources

Monitor applied standard C/S system structure, and the general software and hardware
production were used, and the stored formula was ruled, and the compatibility of
monitor system was higher, and scale of system was easy to be extended. The basic
function was listed as follows:

(1) Center controlling function: in the monitor center the real time data could be got
through the real time monitor of network;

(2) Center alarm function: the abnormal alarm signals in field could be got through
sound and light in the monitor center;

(3) Data stored function: the original data, alarm data and operation information
could be stored according to the database formula.

(4) Data distribution function: center database could achieve the share of data, and
had opening characteristic.

6 Hardware Device and Corresponding Function

(1) Server: server was a core device of the center monitor, SCADA control unit and
relationship database was run. According to different functions the data server, history
server and WEB database server could be assigned real-time. And the main server used
redundant allocation, which ensured that any fault of a server could not make the
whole system run failure.

(2) Engineer and monitor station: monitor operation station was a joint between man
and machine of system, it was used as user machine in the center monitor station, and
it could offer intuitional monitor figure and data show, operators could grasp the
monitor status of all the system and put a command out, which was connected with
server through LAN and exchanged information.

(3) Network device: the main assignment had Ethernet exchanger, router, firewall, and
SO on.
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7 Application Software of Monitor System

(1) Communication software of GPRS data collecting device

(2) Internet center server data collecting and distributing software, data processing
software and Web server software.

(3) Working station monitor software and long distance data maintains software.

Communication software of GPRS data collecting device was installed in the PLC
before the data collecting device and terminals in the GPRS wireless network, and it
could achieve the installment and removing, compression, encryption and transmission
of the joint protocol and so on. The main function of Internet center server data
collecting and sending software, data processing software and Web server software
was listed as follows: based on SOCKET communication joint, TCP/IP protocol, the
center server used as communication bridge, collecting data and running windows high
level service SQL SERVER, which would process data, and at the same time
transferred controlling commands, and ensured the normal communication between the
field and user. Web Server program running IIS application, and make the legal users
find data using IE browser at any time and any location. Client application program
could achieve the following functions: the SOCKET joint and SQL SERVER joint
were constructed with center server. And at the same time the online and real-time
running status of all drinking water sources was showed, and the running parameters,
history data and report table input was checked. When alarm condition was set and the
system could send alarm status to the email box and cell phone. Clients could control
the drinking water sources if the data was sufficient, and could carry out long distance
maintenance for center server.

8 Conclusions

The monitor system of water pollution resources had been applied in the actual
application, and the data transfer clearly, safely and correctly; the devices of system
run reliably; and the fault ratio was low, the maintenance was proper, and the monitor
projects were complete, and the data had higher credibility; and the automatic monitor
function of sewage was carried out sufficiently, and the data could be provided to
many related department, and the water pollution could be prevented effectively.
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Abstract. Skyline operator and skyline computation play an important role in
database communication, decision support, data visualization, spatial database
and so on. In this paper we firstly analyze the existing methods, point out some
problems in progressive disposal, query efficiency and convenience of
following user selection. Secondly, we propose and prove a theorem for pruning
query space based on dynamic scan theorem, based on the thought of the
theorem, we propose a more efficient algorithm-dynamic cutting plane scan
queries for skyline queries, and analyze and verify the feasibility, efficiency and
veracity of the algorithm through instance and experiment.

Keywords: skyline, dominate, dynamic scan.

1 Introduction

The integration of position locators and mobile devices enables new pervasive
location-aware computing environments where all objects of interest can determine
their locations. In such environments, moving objects move continuously and send
location updates periodically to spatial databases. Spatial database servers index the
locations of moving objects and process outstanding continuous queries.
Characterized by a large number of moving objects and a large number of continuous
spatial queries, spatiotemporal databases are required to exhibit high scalability in
terms of the number of moving objects and the number of continuous queries.

To increase the scalability of spatial databases, there exist two main challenges.
The first challenge is to support a large set of continuous queries concurrently. With
the ubiquity and pervasiveness of location-aware devices and services, a set of
continuous queries execute simultaneously in a spatial database server. In the case
that the number of queries is too large, the performance of the database degrades and
queries suffer long response time.

Because of the real-timeliness of the location-aware applications, long delay makes
the query answers obsolete. Therefore, new query processing algorithms addressing
both efficiency and scalability are required for answering a set of concurrent spatial
queries.
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The second challenge for building scalable spatial databases is to index moving
objects efficiently. Building indexes on moving objects can facilitate significantly
query processing in spatial databases. However, due to the dynamic property of
moving objects, the underlying indexing structures will receive numerous updates
during a short period of time. Given the fact that update processing is costly,
traditional spatial indexes may not be applied directly to spatial databases. This
situation calls for new indexing techniques supporting frequent updates.

The above two challenges motivate us to develop scalable techniques for both
continuous query processing and moving object indexing in spatial databases.

2 Related Work

Skylines, and some directly related problems such as multi-objective optimization[3],
maximum vectors[4,5,6] and the contour problem[7], have been extensively studied
and numerous algorithms have been proposed for main memory processing.

Borzsonyi et al. propose block nested loop approach(BNL)[8]. A straightforward
approach to compute the skyline is to compare each point p with every other point; if
p is not dominated, then it is a part of the skyline. BNL builds on this concept by
scanning the data file and keeping a list of candidate skyline points in main memory.
The advantage of BNL is its wide applicability, since it can be used for any
dimensionality without indexing or sorting the data file. Its main problems are the
reliance on main memory and its inadequacy for on-line processing.

Divide-and-Conquer approach[8](D&C) divides the dataset into several partitions
so that each partition fits in memory. Then, the partial skyline of the points in every
partition is computed using a main-memory algorithm[5,6] and the final skyline is
obtained by merging the partial ones. D&C is efficient only for small datasets. For
large datasets, the partitioning process requires reading and writing the entire dataset
at least once, thus incurring significant IO cost.

Bitmap approach[9] encodes in bitmaps all the information required to decide
whether a point is in the skyline. The efficiency of bitmap relies on the speed of bit-
wise operations. The approach can quickly return the first few skyline points
according to their insertion order (e.g., alphabetical order), but cannot adapt to
different user preferences, which is an important property of a good skyline
algorithm[10]. Furthermore, the computation of the entire skyline is expensive
because, for each point inspected, it must retrieve the bitmaps of all points in order to
obtain the juxtapositions.

Kossmann et al. present NN(Nearest Neighbor) approach[10] due to its reliance on
nearest neighbor search, which applies the divide-and-conquer framework on datasets
indexed by R-trees[11]. NN uses the results of nearest neighbor search to partition the
data universe recursively. NN performs a nearest neighbor query using an existing
algorithm[12] on the R-tree, to find the point with the minimum distance (mindist)
from the beginning of the axes (point o). NN has also some serious shortcomings such
as need for duplicate elimination, multiple node visits and large space requirements.
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3 Dynamic Scanning Cutting Plane Algorithm

3.1 Formal Problem Definition

Assume that we have a database of N objects. Each database object p with d real-
valued attributes can be conceptualized as a d-dimensional point (pl, . . ., pd) [1 Rd
where pi is the i-th attribute of p. We use P to refer to the set of all these points. As
shown in the coordinate system of figure 1, The coordinates of the system represent
the description of a hotel with three attributes: distance to beach, the quality and price
of the hotel. the coordinates of point S is less than any point in the coordinate system
area D it constructed, which parallels with the initial coordinate system constructed by
point O. The area D is called Dominance region of point S. As shown in figure 2,
points a, b, ¢ are not dominated by any point in coordinate system constructed by
point O. Therefore points a, b, ¢ construct the skyline, expressed as skyline={a, b, c}.
The points a, b, ¢ are called skyline points.

Fig. 1. Dominance region Fig. 2. Example of skyline

According to the example of figure 2, there are many hotels around traveler, who is
traveling in a foreign country. Some hotels may be closer to the traveler, but the price
of room may be more expensive, and there may be no room. How to select the best
scenario for traveler? The skyline computation can solve this easier. As shown in
figure 2, make the traveler statement as origin point, and construct the coordinate. X
axis of coordinates denotes the distance between hotel and the traveler; Y axis of
coordinates denotes the price of the hotel; Z axis of coordinates denotes the number of
people who get accommodation in the hotel then, in other words, more people get
accommodation, less rooms the hotel left. Points a, b, c are skyline points, Point d, e, f
are dominated by point a. By skyline computation, return skyline points a, b, ¢ to
traveler. Then traveler considers his condition and makes decision.

According to analyzing current skyline query methods, there are some shortages,
such as progressive disposal of skyline points, computation of the points in spatial
database, the minimal set of the best candidates for the skyline query and so on, a new
idea for three-dimensional points in spatial database was proposed, the core of the
idea is that a dynamic scan cutting plane is initialized, then moves towards
the direction of the vector {1, 1, 1}, and scans spatial data points, according to the
definition of skyline region domination, filtrate useless spatial points and return the
skyline points. The method can progressively feedback skyline points by ascending
order of any dimension.
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There are several advantages for three-dimensional spatial skyline queries based on
dynamic scan theory: filtrates as many points as it can, saves as much costs as it can;
progressively feedbacks skyline points by ascending order, convenient for the user
decision; some skyline points can be got when the user terminates the query, these
points that the dynamic scan cutting plane had scanned are part of the whole skyline.

Based on the dynamic scan cutting plane theory, the algorithm called CuttingPlane
is proposed.

3.2 Algorithm Description

The algorithm CuttingPlane is described concretely as follows:

Input: the set of spatial data points S, the speed of dynamic scan cutting plane v

Output: the set of skyline points Q

Algorithm CuttingPlane (S, v)

{Q=NULL;

/IThe set of skyline points Q is initialized by Null P=NULL;

//The set of medial filtered points is initialized by Null

FrameofAxes(S);

/lAccording to the input set S, use function FrameofAxes to construct three-
dimensional coordinate system, initialize the spatial data points in coordinate system,
and the origin point O is returned.

C(0O, 0)=construct(0O, 0, 60, v);

/[Time=0, the dynamic scan cutting plane is initialized by function
Construct(Origin, time, angle, speed), which is 60° angle with the coordinate system,
C(O, 0) is the area that cutting plane cuts the coordinate system constructed by the
origin point O, the dynamic scan cutting plane moves by the speed v and towards the
direction of the vector {1, 1, 1}.

ScanArea(0)=C(0O, 0);

//The initiative useful area is initialized by C(O, 0)

/I The process of the dynamic scanning

While(S!=Q Y P)//The scanning will terminate when Q Y P=S.

{ If(Q!=NULL) Printf(Q); //Print the skyline points in the process of the dynamic
scanning

Move(C(O, t), v);

//the dynamic scan cutting plane moves by the speed v and towards the direction of
the vector {1, 1, 1}.

If(when time=t, dynamic scan cutting plane C(O, t) scans points)

{If(Q!=NULL)

{For(i=0; i<=Num(Q); i++)

{ScanArea(t)=C(O, t)-C(Ql[i], t-Scantime(Q[i]));} }

//When time=t, the useful scan area ScanArea(t) of C(O, t) is the left area that C(O,
t) wipes off the areas, which are dominated by the points of the skyline points set Q.

If(when time=t, the useful scan area ScanArea(t) of C(O, t) scans points)

{M=GetPoints(ScanArea(t));

//Function GetPoints() gets the points scanned by the useful scan area ScanArea(t)

Q=Q Y M; //Put the points scanned by the useful scan area ScanArea(t) into set Q

For(i=1; i<=num(M); i++)
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P=P Y Contain(M[i]);
/lUse the function Contain() gets the points dominated by the set of M, and puts
them into set P

)

return(Q);

}

3.3 Example Analysis

As shown in figure 3, the example explains the query progress of the algorithm
CuttingPlane.

Time=t;, dynamic scan cutting
- plane C(O, t;) scans point a, and
put it into set Q, Q={a}.

d
Time=t, ,dynamic
scan cutting plane
C(O, t2) can not sca
the points ¢, d, f. o,
e
() _

Time=t, ,dynamic scan cutting plane C(O, t,)
scans the points b and e, according to the
algorithm, ScanArea(t;)=C(O, t2)-C(a, t>-t),
just point e is the point that the useful scan area
ScanArea(t;) can scan, point b is dominated by
v skyline point a which scanned at time=t,, put the
point e into set Q, and put the point b into set P

2

Fig. 3. The process of progressive returning skyline points

Input the set of spatial data points S={a, b, c, d, e, f}, the speed of dynamic scan
cutting plane v, firstly use function FrameofAxes(S) to construct the coordinate
system, and return origin point O; Secondly time=0, the dynamic scan cutting plane is
initialized by function Construct(Origin, time, angle, speed), which is 60° angle with
the coordinate system, C(O, 0) is the area that cutting plane cuts the coordinate
system constructed by the origin point O, the dynamic scan cutting plane moves by
the speed v and towards the direction of the vector {1, 1, 1}, and initialize the useful
area of the cutting plane, ScanArea(0)=C(O, 0); Thirdly do dynamic scan progress,
time=t1, dynamic scan cutting plane scans point a, because the set of skyline points Q
is NULL at the time, the useful area of the cutting plane ScanArea(tl)=C(O, tl), put



CuttingPlane 77

the point a into set Q, Q={a}, use function Contain() to find the points that point a
dominates, and put them into set P, P={b, c}; The scanning moves on, time=t2,
ScanArea(t2)=C(O, t2)-C(a, t2-t1), ScanArea(t2) scans the point e, put it into the set
Q, Q={a, e}, use function Contain() to find the points (d, f) that point e dominates,
and put them into set P, P={b, ¢} Y {d, f}={b, c, d, f}, and at the time, QY P={a, b,
¢, d, e, f}=S, the dynamic scan progress is terminated, the set of the skyline points Q
is returned.

4 Experimental Analysis

All our experiments are carried out on a Sun Ultra Workstation with a 2.4GHz
processor and 1 GB of main memory. The benchmark databases and intermediate
query results are stored on a 120GB Seagate disk drive. For our experiments, we
implemented the NN, BBS and CuttingPlane algorithms in VC. In order to study the
effect of dimensionality we use the datasets with cardinality N=1M and vary d=3.
Figure 4 and 5 show the number of node accesses and CPU time.

Node —&—— NN —e— BBS —&—— CuttingPlanc
>~ Accesses
1E+05 — CPU time(secs)
-~
1E+02 —
1E+04 —
1E+01
1E+03
1E+00 —
1E+02 —
1E 01
1E+01
L 1E02
0 \ T T T T x>
20 40 60 80 100
The Number of Skyline Points 0 ! T T T T X
20 40 60 80 100
Independent
Node The Number of Skyline Points
- Accesses Independent
1E+10 - CPU time(secs)
1E+02 —
1E+08 —
1E+01
1E+06 —
1E+00
1E+04
1E 01
1E+02
1E 02
0 T T T T
200 400 600 80 .160 X
The Number of Skyline Points 0 T T T T T X
Anti correlated 200 400 600 800 1000
il correlate The Number of Skyline Points
] NN . BBS A CuttingPlane Anti correlated

Fig. 4. The comparison of node accesses  Fig. 5. The comparison of CPU time

From the experiments, we can clearly see the effectiveness and efficiency of
CuttingPlane by comparing it against NN and BBS.
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5 Conclusion

This algorithm CuttingPlane based on dynamic scan retrieves the objects of spatial
dataset adopting the skyline query, and then uses the geometry principle and the
skyline dominate region theory to get the data points satisfying the skyline conditions.
By moving the dynamic scan cutting plane continuously we can prune the search
space, it is not necessary to retrieve all the points, so it can reduce the number of the
search points and decrease the query cost. We apply dynamic scan cutting plane query
on datasets indexed by R-trees, and get the relation of the objects and search area. The
improvement of algorithm for skyline queries will promote the development of the
database community continuously.
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Abstract. The optimization effect on large-scale RDF data is not statisfactory
using the existing algorithms based on cost models. This paper presents the
Run-time Optimization of SPARQL queries (ROS), and describes the join
graphs and the index structures for SPARQL queries that are foundations of the
ROS approach. The ROS algorithm, without cost models, intertwines cost
estimation and query optimization into the execution procedure, and determines
query plans in run time. Our experiments using the SP2Bench benchmark show
that ROS can select the best query plan and improve query efficiency
dramatically compared with the existing approaches.

Keywords: SPARQL, query optimization, run time, join graph, RDF.

1 Introduction

As increasingly large RDF datasets are being published on the Web, effcient RDF
querying has become an essential factor in realizing the Semantic Web vision [1]. To
facilitate RDF data access, the W3C has standardized the SPARQL query language,
which is based upon a powerful graph pattern matching facility. In order to improve
query efficiency, a query optimization algorithm is needed. The target of optimization
algorithms are to determine the optimal query plan for execution from all candidate
query plans.

The existing query optimization algorithms can be classified into three categories:
(1) The parameter-based approaches [2][3], without statistical information, which
estimate query plan execution cost by evaluating a function that has parameters.
These approaches may make large errors if no law can be detected on the distribution
of data. (2) The sample-based approaches [4][5], also without statistical information,
which extract representative sample data directly from the dataset, select the least cost
solution by comparing the costs of query plans that using the sample data as the input.
The disadvantage of these approaches is that it is difficult to get the most
representative sample data that is used to ensure the accuracy of query plan costs. (3)
The statistical-based approaches [6], which evaluate costs using statistical
information. The accuracy of these approaches depends on the accuracy of statistics,
but it will take a lot of time to calculate all necessary statistics.

* Corresponding author.

Z. Gong et al. (Eds.): WISM 2011, Part IT, LNCS 6988, pp. 79-84, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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Dynamic query optimization approaches in [7] select a plan from a number of
options in the compilation phase based on cost models. After execution for a period of
time, they will do re-selection according to the intermediate results. These approaches
need accurate cost models. The recently proposed ROX in [8] can overcome the
disadvantages of conventional query optimization approaches. Without accurate cost
models, ROX simplifies the compilation phase, puts selection of query plans into run
time, and intertwines optimization and estimation into query execution.

In this paper, we propose a novel approach to Run-time Optimization of SPARQL
queries (ROS). The ROS approach limits static compilation to normalization,
simplification and the identification of join graphs. The join graphs cluster SPARQL
join operators. ROS executes operations in the join graph one by one, fully
materializing intermediate results. It is crucial to recognize that ROS is not merely
running a query optimizer at run-time, but also intertwines and integrates query
optimization into query evaluation. Our experimental results show that ROS can
consistently find the good plan from the search space.

The contributions of this paper can be summarized as follows: (1) ROS does not
need a precise cost model. It does not have to spend extra time in building a cost
model, which can not be accurate actually. (2) The resulting ROS optimizer obviously
improves the query efficiency.

In Section 2, we introduce the basic knowledge of ROS, which includes the
definition of the join graph and the description of the index structure. Section 3
describes the ROS algorithm in detail. In Section 4, we extensively test ROS, showing
that it can find better query plans than the approach adopted by Sesame. Finally, in
Section 5, we conclude this paper and outlook the future work.

2 Preliminaries

In this section, we will introduce formal definitions and symbols of the ROS
algorithm. The SPARQL query language includes many operators, but the most
important one is the join operator. ROS is aimed at optimizing the join order in run
time so as to improve the efficiency of the join operator. First, a sequence-
independent representation of a query plan in run time is shown, which is a similar
structure like the join graph defined in [8]. Then, we will introduce the index structure
used by ROS.

2.1 Join Graphs

We first give the related definitions of a join graph and then describe with more
details its vertex and edge components.

Defination 1. Let var=(value,name) , where name means a local variable name and

value its value, var is divided into two categories: (1) if var is a constant, then its
value is self-increasing. (2) if var is a variable, then it begins with the ? symbol.

Defination 2. Let V be a finite set of vars and T = (subject, predicate,object) be a triple
pattern, where subject, predicate, objecte V.
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For instance, in a triple pattern (?article, rdf:type, bench:Article), ?article represents a
variable and is also the subject, rdfitype represents a constant and is also the
predicate, bench:Article represents a constant and is also the object.

Defination 3. A join graph G=(V,E) is defined as an edge-labled graph where: (1) A

vertex ve V represents a SPARQL triple pattern or a SPARQL join operator. (2) An
edge e¢e E represents a join operation or two triple vertices that have common
variables.

Join graphs are obtained through the following steps: First, we get a SPARQL syntax
tree through the compilation phase. The tree is an initial plan after static optimization
in the compilation phase. Then, we rewrite the plan and move out the distinct and sort
operators through the equivalent transformation. We make up a plan containing only
projection, join and other operators. Fig.1 shows two SPARQL queries Q1 and Q2.

SELECT DISTINCT ?namel ?name2
SELECT DISTINCT ?name WIJERE { .
WHERE { .art{clel rdf:type bench:Art{cle.
Particle2 rdfitype bench:Article .
?articell  dc:creator ?authorl .
?authorl foaf:name ?namel .
?articel2  dc:creator ?author2 .
?author2 foaf:name ?name?2 .
2articell  swrc:journal ?journal .
Particel2  swrc:journal ?journal

2article rdfitype bench:Article .
2article dc:creator ?person .

?inproc  rdfitype bench:Inproceedings .
?inproc  dc:creator ?person .

?person foafiname ?name

—

-

(2) Q1 (b) Q2

Fig. 1. SPARQL queries Q1 and Q2

Fig.2 is the join graph of SPARQL query Q1. The rectangle frames the join graph
of the SPARQL query. The vertex with name (?article rdf: type bench:Article) means
a triple vertex. The edge connects a join vertex with a triple vertex means the triple
vertex needs to be joined with other vertices that also have edges with the same join
vertex. Edges between triple vertices represent they have common variables. For
example, there is an edge between vertex (?article rdf: type bench:Article) and vertex
(?article dc:creator ?person), because both of them have variable ?article. The weight
of edge represents the number of common variables between the two vertices.
Therefore, the weight between (?article rdf: type bench:Article) and (?article
dc:creator ?person) is 1. Without loss of generality, we limit ourselves to the equi-join
as the most important representative of a join.

2.2 Index Structures

We use the open source RDF storage system Sesame [9] as RDF database backend
that employs B-trees for RDF storage. RDF statements are organized in the B-tree
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structures. Currently, there is a spoc index and posc index in Sesame. These indexes
are considered as B-trees that store a series of node identifiers in the index order. In
Table 1, we will see all combinations of subject, predicate and object as well as the
index structures that can be used to lookup them.

TWpredicate

)

(?inproc rdf:type
bench:Inproceedings)

(?article rdf:type
bench:Article)

(7person
foaf:name 7name)

1

(?article dc:creator ?person) (?inproc dc:creator ?person)

Fig. 2. The join graph of SPARQL query Q1

Table 1. All subject, predicate, object combinations and the corresponding indexes

Number of variable  Triple patterns Index structures
0 (s p o) spo
1 ?sp o) pos
(s 7p o) osp
(s p ?0) spo
2 (7s 7p 0) osp
(?s p ?0) pos
(s p ?0) spo
3 (?s p ?0) Spo, ops, pos

B-tree index structure is prefix-matching. For instance, (s ?p o) triple pattern can
be retrieved using the sop index or the osp index, and (?s ?p o) can be retrieved using
the osp index. Thus, we can use the osp index to lookup both (s ?p 0) and (?s 7p o).
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Overall, we use the spo index to lookup (s p 0), (s p ?0), (s ?p ?0) and (?s ?p ?0), use
the pos index to lookup (?s p 0) and (?s ?p o), and use the ops index to lookup (s 7p o)
and (?s 7p o).

3 The ROS Algorithm

The ROS algorithm interleaves optimization and execution, and searches an optimal
join order from the entire search space of possible excution orders. As soon as a join
order is found to be superior than others, it will be executed.

First we will define some notations. Given a join graph G = (V,E), a vertex ve V,
and an edge ec E, #(v) represents a table with all statements that satisfy the triple
pattern, card(v) represents the number of statements that satisfy the triple pattern,
edges(v) represents all triple pattern that have common variables with v, w(e)
represents the number of common variables between vertices that e collects, and
exec(v, e) represents an excution join operation associated with e.

The detailed ROS algorithm is shown in Algorithm 1. It consists of two phases.
The first phase initializes the join graph. The second phase alternates search space,
exploration until all edges have been executed.

Phase 1 (line 1-4). For each vertex v, we query the RDF document, store the query
results in #(v), count the number and record it in card(v). For each edge e, we count
the number of common variables between its two vertices, and store it in w(e).

Phase 2 (line 5-25). The second phase of algorithm alternates between exploring
the search space to find the superior join pair and excuting the pair, updating the
graph until there is only one vertex connected to join vertex. Firstly, we find the
smallest card(v) as the starting vertex (line 9-12), because of the feature of the equi-
join that the size of final results is surely not larger than the size of the smallest vertex
in a join operation. Secondly, we find the vertex that has the most common variables
with the starting vertex. If both vertices have the same number of common variables
with the starting vertex, we choose the vertex that has the smallest card(v), because
this can cut middle results as much as possible (line 13-21). ROS will join the pair of
vertices it finds, use a vertex v” to denote the join results (line 22), delete the two
vertices and add v~ to the join graph (line 23), refresh the join graph (line 24-25) and
repeat the loop until there is one vertex under the join vertex (line 5).

The ROS algorithm decreases intermediate results by finding the smallest card(v)
as the starting vertex. This can largely cut results that absolutely will not appear in the
final results. The ROS algorithm builds a join graph, and initializes its vertices and
edges in a more efficient way. For example, it executes the triple pattern using more
efficient B-tree indexes. Then, it connects the vertices that have common variables
instead of connecting all the vertices to build a fully connected graph. After
initialization, The ROS algorithm finds the smallest edge, which also aims at reducing
intermediate results.
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Algorithm 1. Run-time optimization of SPARQL queries
Input: Join graph G = (V,E)
1: for each ve V and v is a triple pattern do

2: (t(v),card(v))€ op(v) ;

3: for each e =(v1,v2)e E do

4:  w(e) = countVar(e) ;

5: while there are more than one vertex to execute do
6: vertex v, vl;

7. edge ¢;

8 min, max;

9: for ve V Aedges(v)>0 do

10: if min > card (v) then

11: Vi=v;,

12: min:= card(v) ;

13:  for each edge ¢ = (v',v) e edges(v’) do
14: if max < w(e) then

15: vi=v;

16: e=e;

17: max:=we) ;

18: if max = w(e) then

19: if card(v) < card(v1) then
20: vi=v;

21: e=e;

22:  exec(v’,e’);

23:  updateGraph() ;

24: for each ec edge(v”) do

25 w(e) := countVar(e) ;

4 Experiments

We choose Sesame-1.2.2 release as a platform for the implementation of ROS. We
implement the ROS algorithm in Java. For all experiments here, we use a PC with
2.50 GHz Intel Core 2 Duo CPU, 3 GB memory, and running on a 7200 RPM disk
with 500 GB capacity. Our experiments are based on SP’Bench [10], which is a
SPARQL performance benchmark. It is a meaningful analysis and comparison of both
existing storage schemes for RDF data and evaluation approaches for SPARQL
queries. It is a comprehensive and universal benchmark platform. It is settled in the
DBLP scenario and comprised a data generator for creating arbitrarily large DBLP-
like documents and a set of carefully designed benchmark queries.
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We choose two representative SPARQL queries to shown the advantages of the
ROS algorithm. Both of them are based on benchmark queries from SP*Bench. The
SPARQL queries Q1 and Q2 is shown in Fig. 1. Fig. 3 shows the experimental results
of Q1 and Q2 between ROS and the optimization approach adopted by Sesame.

3.0E+05 1.2E+07
2.5E+05 1.OE+07
ﬁ 2.0E+05 2 8.0E+06
g s,
k s
5 1.5E+05 ~ 6.0E+06
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Number of triples (in thousand) Number of triples (in thousand)
(a) Results of Q1 (b) Results of Q2

Fig. 3. Performance results of Q1 and Q2 between ROS and optimization algorithms adopted
by Sesame

In Fig. 3, the x-coordinate shows the number of triples in SPzBench, and the
y-coordinate shows the number of joins needed by doing a join operation. Fig. 2 shows
that the join graph of Q1 has a relatively simple structure, which has only five vertices
and five edges. In Fig. 3(a), we can see that with the growth of the number of triples,
the number of joins ROS does is significantly reduced than Sesame optimization
algorithms. Then, we can conclude that ROS does well in simple SPARQL queries.

Fig. 3(b) shows the performance results of SPARQL Q2 between ROS and the
approach adopted by Sesame. It depicts that the number of joins in a join operation
using ROS is lower than the approach Sesame adopted under the same condition.
When the number of triples is 50 thousand, the number of joins ROS does is nearly
half of the time used by Sesame. With the increasing in the number of triples, the
advantage of ROS is more obvious. Thus, through this experiment, we can conclude
that ROS also have the advantage in optimizing complex SPARQL queries.

ROS determines query plans in run time, instead of determining the query plans in
compile phase. Doing this in run time can obtain good performance, since it reduces
the size of the results and determines the best query plan. ROS uses intermediate
results to refresh the join graph, and re-determine the best plan. In this way, it can
fully consider the impact of the intermediate results on choosing the query plan, so the
query plan is more accurate. ROS uses real values to select query plans, while the
approach adopted by Sesame evaluates estimated values through B-trees to determine
the query plan. Obviously, the approach that Sesame uses is inaccurate.
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5 Conclusion and Future Work

In this paper, we have described the ROS algorithm, a run-time SPARQL
optimization technology that intertwines query optimization into execution. The ROS
algorithm does not need a stable cost model and can select a more accurate query
plan. Furthermore, the use of join graph as part of an execution plan gives the ROS
algorithm the possibility to handle a large class of SPARQL queries. Our experiments
have revealed that ROS can select significantly better query execution plans than the
existing query optimizers

Finally, we sketch future directions to extend and enhance the ROS algorithm. First
of all, since we use real results of a triple pattern to evaluate the costs of a query plan,
this always run into the risk of spending too much space for storing intermediate
results. A future adaptation of ROS should use other methods to cut down results or
find other ways to store results. Secondly, we plan to use a sampling technique to find
an optimal path. Finally, we intend to study efficient ways of integrating operators
such as sorting and duplicate-eliminating into join graphs.
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Abstract. To deal with semantic heterogeneity among heterogeneous data
sources, ontology is imported to the traditional data-integrated middleware.
Domain ontology and local ontology are constructed as overall data view and
local data view respectively. By establishing the mapping between domain
ontology and local ontology, the problem of semantic heterogeneity is settled
and semantic standard is reached. In this subject the way of automatic mapping
is used to generate mapping relations innovatively. And an algorithm is given
here. As a result, this way will provide an effective solution to the automatic
integration of massive data.

Keywords: semantic heterogeneity, ontology, mapping, heterogeneous data,
data integration.

1 Introduction

With the development of the network technology, information system leaded by
computer application gradually enters electronic commerce, electronic government,
and any other various domains. However, because of the obvious differences among
the system hardware, operation system, databases selection and design in existing
information systems, the datum generated by which are great heterogeneous. For a
long time, the massive data sharing and uniform management of heterogeneous data
sources have been delaying the steps of information construction in our country, and
objectively formed the enormous obstacle to the ERP strategy of enterprises.

Analyzing the datum in relative domains, we found that they have the following
heterogeneous features:

e Data model heterogeneity (such as the datum of structured SQL Sever
database and semi-structured XML)

e  DBMS heterogeneity (such as the Oracle and SQL Server)

e Semantic heterogeneity [1] (such as the phenomenon with the data sources
about the same name, but the different meaning or the same meaning, but the
different name, etc.)
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The two former belongs to the heterogeneity at the grammatical stratum which have
been basically solved by the methods such as using the corresponding query mode and
connection driver. While semantic heterogeneity applies the mapping mechanism
unified all the heterogeneous data sources. Considering to the advantages [2] of the
sharing conceptual model expressing by ontology, this paper proposes a model based
on ontology mapping mechanism. By constructing the domain ontology, extracting the
local ontology and automatic mapping from local to domain to realize semantic
integration of data heterogeneity.

2 The Design of System Architecture

The subject of heterogeneous data integration stated from last century, it has proposed
successively relevant system architecture such as federated database, data warehouse,
middleware etc. in view of the characters of heterogeneous data sources. However with
the wide application of Web, diversification of integrated data sources and massive
data, the heterogeneous integration system is changed day by day, especially the
semantic heterogeneity problem. Study on combing ontology and middleware is
becoming the trend of heterogeneous data integration fields. This model includes three
stratums: user stratum, middleware stratum and bottom data sources [3]. Its
architecture is showed in figurel.
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Data Source registration center
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- N Maintenance N AUnified View
- N Module AN of Data For
Global Query Y | A Users
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\/ ad
=

| Heterogeneous Data Sources and Wrappers |

Fig. 1. System architecture diagram

The system operational flow is presented as follows:

e  User stratum takes charge of user interaction and obtaining query parameters.
e Based on query parameters obtained by user stratum construct global query,
which generates module by referencing domain ontology.
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e Search decomposition module referencing mapping files from local ontology
to domain one, decomposes the global query to sub-query. As a result the
semantic of the sub-query is accordance with the semantic of the
heterogeneous data sources [4].

e  Sub-query scheduling module visit actual data source by a certain scheduling
policy; execute the query language which is constructed by data source
wrapper.

e Query result processing module executes the sub-query, returns result sets and
processes data such as combine and delete.

e  System returns user stratum last result for a unified structure.

Data source registry center include ontology mapping module and data source meta-
data registration module. The former one is the core module among data source of
semantic heterogeneity in all the system. And the latter one maintains the access
parameters of data source, provide support to connect all actual data source.

3 The Core Module and Key Technology

This task realized integrated demonstrating sub-system on talent resources. Ontology
mapping module which is the core of the whole system, has been designed to solve
semantic heterogeneity among the data source in talents field. Based on the typical
talents data source in Shanxi Province, we explain the key technology of the module as
the follows.

3.1 Data Source Analyzing

At present most of the data sources (include some relational database SQL Server,
Oracle, MySQL) are maintained by enterprises independently. Table 1 shows the
typical data sources, among which data source 1 is Oracle data source, which is the
information of agricultural talents in Shanxi province; data source 2 is SQL Server data
source, which is the technology talents in Shanxi province; data source 3 is MySQL
data source, which is the information of the agricultural experts.

From the above table we find that the problem of same semantic but variant name is
obliviously. At the same time the data source applied different types of relation
database. Moreover the real data source distributed in different network nodes
maintained by different department independently. All of what brought difficulty to the
uniform query of heterogeneous data.

3.2 Construct the Domain Ontology

For unified treatment of the heterogeneous data source, it is necessary to construct a
uniform data module which could eliminate the semantic difference of the bottom data
source. Considering the advantage of the accurate expression concept and the
relationship within the concepts, we select the talent domain ontology to be the global
data view for heterogeneous data source of this demonstration. During the construction
processing, it uses the talents meta data of Chinese Academy of Science as a standard.
The schematic diagram of talents domain ontology is given as follows:
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Table 1. Experimental datasource filed name and Semantic Table

DataSourcel DataSourcel DataSource2 DataSource2 DataSource3
Field Name Field Field Name Field Field Name and
Semantic Semantic Semantic

Xm Name H % Name Name

xb Sex 'ri %IJ Sex Sex
csny Birthday e R Birthday Birthday
gzdw Workplace T ﬂE By Workplace Workplace

zc Title R % Nation Specialty
SXZY Specialty BUAES Party Education

Y,
x1 Education BRI R Marriage College

.- T - “String
(_String » _String PR —
e PRGN String
WorkPlace B
Post Speciality o=
\Srrmg//
Com o
College e -
— ing
Award Experience \§E':Tf?—
Y N String
(_String > T
T o e s —
Concept Basictypes  General relations ~ Subclass relations ~ Key relations

Fig. 2. Local diagram for talent domain ontology

To be a global view, the domain ontology has to describe most of (all in ideal
condition) the conceptual semantic, of which terms have a certain normative in intra-
industry for sharing the knowledge [5]. However, the information in real data source is
often a subset of the standard domain ontology, which provides evidence for
generating global query upward and reach the unified object of mapping with each
local ontology downward.

3.3 Construct the Synonyms Lexicon

Considering the possibility of integrating mass data source, the system applies
automatic mapping mechanism to construct the mapping relationship between domain
ontology and local one. Whether there’s a relation between domain ontology and local
one in semantic synonyms databases is an important way to judge the mapping relation
of both. Table 2 is the section of talent synonyms lexicon.
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Table 2. Part of Synonyms thesaurus for talent domain

Overall concept Local concept

Name Xm, HE , BF....

IDCard stzh , BHES | IEHSEB.
Age NI, R

Address Dz, Hdt , Edk.

Workplace Gudw , TAERAL....

Award Shijl, FFIREM, hjgk, REHBER......
Sex xb, M.

In this table: The concept words constitute synonyms with themselves; it ignores the
capitalized or lowercase problems of English letters and Chinese pingyin; Chinese
words use fuzzy matching, for example, “work unit” has the same meaning with the
“unit”. The synonyms lexicon supplies the service function String SearchSynonyms
(String X), which could map within the concepts. Parameters X is a local concept,
returns the synonymous character string of the global concept; returns * if couldn’t
find anything accord with conditions. In addition, synonyms lexicon guaranteed to
completely establish the mapping relation by supporting dynamic update and
extension.

3.4 The Ontology Automatic Mapping Algorithm

This is the main ontology automatic mapping algorithm flow:

Inpute: local ontology OWL files
1. load domain ontology
2. extract the related concepts in 1local ontology to
calculate the concept number CountA
3. For i=1 to CountA
1) invoke Service SearchSynonyms (concept No.i)
2) if return “7, i++
else
a) establish mapping between concept No.i and the
character string.
b) extract the concepts No.i in local ontology to
calculate the CountB
c) for j=1 to CountB
1. invoke function SearchSynonyms (concept No. i,
relation No.j)
2. if return “", Jj++
else establish mapping between concept No.i
and relation No.j, J++
d) i++
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output : mapping files

to suppose:

I: local ontology concept number

X;: the relation number concept No.i of local ontoloty

M: domain concept number in synonyms lexicon

Yo synonyms number for the No.m domain concept
corresponding to local concept in synonyms lexicon

K: relation number of local ontology concept No.i in
domain ontology

We can use (1) to calculate the time complexity:

1

M K
B IATRN S BT e o
m=1 k=1

+ i=1

4 4

For the condition of the actual data source and talent domain ontology, most of times
the values (I, Xi, Ym, K) are taken in one magnitude, and the value of M are taken in
two. So it can be Deduced that the total time complexity of the algorithm is at 4
magnitude, which is Far less than the operation speed of common computer, which
ensured the feasibility of this algorithm.

4  Experiment

4.1 Experiment Environment

For the transplanting respect of the platform, this system applies Java programming
language, of which user stratum use Struts 2 open source framework to realize the
MVC three-tier architecture. The ontology management module applies protégé [6]
which is developed by Stanford University as the visualization ontology development
tool, and OWL language as the description language recommended by W3C. The user
stratum published on the Tomcat5.x Server and the middleware use Jboss4.x Server.

Table 3. Mapping relation

Overall concept  Orcale SQLServer MySQL

Name Xm z& % Name
Sex xb 'ri %IJ Sex
Post zc E AR ED ﬁ'\

Phone “? B "lﬁ “r

Workplace gzdw TS Workplace

4.2 Experiment Results

In view of the three heterogeneous data source above, by mapping between local
ontology and domain one we construct the mapping relation:
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Statistic the automatic mapping rate of the concept of local ontology to domain
ontology as follows:

100% —
El i
80% —A-————=——= P ==

715% [[~———
60% —

40% —
20% —

\ 4

T
Orcale SQL Server MySQL
sxexpert sxkjrc SXNYEXP

Fig. 3. Probability plot for automatically mapping

Table 4. System query results table

Name Sex PhoneNO. ...... DataSource

wuiE 80 Orcale
weg g0 Orcale
wEy 8 MySql
ER g 0512189538 . MSSQL
a4 03513031235 MSSQL

The system support the fuzzy query based on the core concept of talents, for
example the query based on name which include “5” in expert information. First the
system construct the overall query: Select * From Expert Where Name="%7k %’

Then by referring the mapping files, it decomposes the overall query to the
following sub query:

Oracle data source: Select * From sxexpert Where xm="%5 %’
SQL Server data source : Select * From sxkjrc Where #£8="%5%’
MySQL data source : Select * From SXNYEXP Where name="%5K %’

At last, it executes each of the sub query sentences and gets query results as follows:
The experiment proved that the demonstration system realized the unified search for
talent mainstream relationship data source, of which the automatic mapping rate
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reached over 70% generally in integration processing. It is finally realized the goal of
unification on data view and heterogeneous data sources, effectively solved the
semantic heterogeneity problems existed among all kinds of data sources.

5 Conclusion

According to some prominent semantic heterogeneity problems today, we design and
realize the heterogeneous data integration middleware under ontology mapping
mechanism, which is on the basis of analyzing the present talents heterogeneous data
sources. Now the demonstration system supported the mainstream relationship data
source integration and realized the data source integration of Shanxi province talents
part. In our next work, we plan to realize the dynamic loading of multi-domain
ontology and the application of demonstration system to any other fields, meanwhile
studying on the integration data source faced to semi-structured and structured.

Acknowledgment. This paper is supported by the Natural Science Foundation of
Shanxi Province under Grant No. 2009011022-2 and Shanxi Scholarship Council of
China Grant No. 2009-28.
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Abstract. Semantic ontology is a formal, explicit specification of a shared
conceptualization. The construction of semantic ontology knowledge base is the
vital process in language processing, which is applied in information retrieval,
information extraction and automatic translation. Hyponymy pattern is a basic
semantic relationship between concepts, which is used to concepts acquisition
to enrich ontology automatically. In this paper, the construction idea of
multilingual ontology with unified criteria and interface are introduced, and
hyponymy pattern is represented as a pair of a meaning frame defining the
necessary information extraction in Tibetan language. The research of
hyponymy relationship pattern can assist concept enrichment in ontology,
which can reduce the cost during the ontology engineering process.

Keywords: knowledge base, semantic ontology, concepts acquisition, hyponymy
relation.

1 Introduction

In early 90s of the 20th century, a lot of international symposia on ontology were held
by the computer industry, ontology then became the hot topic of many artificial
intelligence research groups, which include such branches as knowledge engineering,
natural language processing and knowledge representation. The main reason for this
trend is that, through ontology, the communication between people and people,
people and machine, machine and machine can be built on the basis of shared
knowledge [1].

China is a unified, multi-national country, with 56 nationalities in all. All these
minorities have a total of 27 scripts of their own in current use, which are all
computer-readable. In China, there are six languages to be commonly used, Chinese,
Tibetan, Uygur, Mongolian, Kazak and Korean. For those languages, there are huge
differences in gammar, pronunciation, spelling, vocabulary, which is increased the
difficulty of interoperability between those languages with regard to information
retrieval, information extraction and automatic translation.

However, use those languages also occurs some common features, and hold the
common regularity to be complied. The common feature is the semantic meaning,

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 95-[03, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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which is specified when issue the word in the sentence. Those languages have some
semantic properties in common, and the differences are shaped because of grammar,
spelling etc.

Semantic ontology is a formal, explicit specification of a shared conceptualization
[2]. The construction of semantic ontology knowledge base is the vital process in
language processing, which is applied in information retrieval, information extraction
and automatic translation.

The concept itself defined in the dictionary is not ambiguous; it can be associated
with the real-world entity or object uniquely and accurately. However, in sentence
processing, the concept of a word is closely related to the sentence. Let’s take the
word “Trojan horse” for an example; it can be interpreted into at least three meanings
in these three sentences below:

(1) Trojan horse is a kind of toy.
(2) Trojan horse is a kind of sports equipment.
(3) Trojan horse is a kind of computer virus.

Therefore, the so-called ambiguity of concept is caused by polysemy, namely, a
concept word with two or more different meanings. As in the case of Tibetan
language, it can be translated into Chinese in different ways based on its context:
e 7 ot
gﬂ'@m'i&lﬁ'f;' 55::‘@5\(2??:“
(1) Students are learning Yin Ming Xue.
PG SENE =SS
Y \ =] 2

(2) The standard of saint like Shijiamoni

Furthermore, for Tibetan language, there exists a large number of foreign words
and transliterated words. For example, the Chinese word "Chengdu" has different
translations in the Tibetan language, such as ®“%" and

The inherent fuzziness and ambiguity of semantics in language has made the work
of machine analysis even more difficult. Word (binary data for the computer) is only a
medium of semantics, and semantics is the core and critical part of communication.

For those people who got some knowledge, it is not hard to understand the specific
meaning conveyed in the sentence based on the context. For example, if the word
"Trojan horse" appeared in a text together with "computer" or "program", then it can
be concluded based on common sense that "Trojan horse" here should mean the
computer virus most likely.

The acquisition of hyponymy is a basic and vital problem in knowledge acquisition
both from a computational linguistic perspective and from a theoretical linguistic one.
Hyponymy is useful for the automatic creation or enrichment of an ontology, for tasks
such as document indexing, information retrieval, question answering. On the other
hand, these hyponymy patterns can be used in papers concerned with this semantic
relation [3].

Given all that, the construction of semantic ontology knowledge base is the vital
process in language processing, which is applied in information retrieval, information
extraction and automatic translation. Hyponymy pattern is a basic semantic
relationship between concepts, which is used to concepts acquisition in ontology
automatically. In this paper, the construction idea of multi-language ontology with

-
f=g
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unified criteria and interface are introduced, and hyponymy pattern is represented as a
pair of a meaning frame defining the necessary information extraction in Tibetan
language. The research of hyponymy relationship pattern can assist concept
enrichment in ontology, which can reduce the cost during the ontology engineering
process.

2 Multilingual Knowledge Base

Semantic ontology is a formal, explicit specification of a shared conceptualization. To
build ontology knowledge base for those minority languages is vital in language
processing.

The minority language ontology knowledge base is fruitful for the information
processing progress. Building multilingual ontology base is effective in relieving the
condition of lack of language materials.

Tibetan, Mongolian, Uygur, Kazak, Korean materials
Not processed material | The processed corpus
| A
v v v
Analyzing syntactical The material .
. rammar rules relationship double checked Statl‘SthS
syntactic grammart N P algorithms
A by linguists by linguists by linguists
tagging
| | A
A 4 A 4
| Syntactic tagging aids l— | Syntactic tagging tools |
Multilingual Semantic corpus Similarity
measuring between
S . Chinese- p| words by hyponymy
emal.ntlc English o . patterns
ontology Chincse- hinese semantic *
knowledge Tibetan | ontology base
base Chinose- (Hownet) Multi-lingual semantic P
Wi ontologies b

Multilingual search engine based on semantic ontologies

Fig. 1. The methodology of multilingual knowledge base construction

The methodology of multilingual knowledge base construction is shown in fig.1.
Firstly, five minority languages materials which are not processed will be analyzed by
linguists and will be syntactic tagged. The processed corpus will be double checked by
linguists with the help of syntactic tagging tools. Secondly, the multilingual semantic
ontologies will be built manually. During the creation of multilingual semantic
ontology, the hyponymy pattern is represented as a pair of a meaning frame defining
the necessary information, which can used to calculate the similarity between words.
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The purpose of multilingual knowledge base construction is to produce a
combination of dictionary and thesaurus that is more intuitively usable, to support
automatic text analysis and artificial intelligence applications, and to realize great
advantages in interoperability and invocation among multilingual languages.

Learning from the construction of HowNet, which is an ontology knowledge base
in Chinese, the ontology structure of multilingual knowledge base is identified
includes three parts:

(1) The basic properties, such as semantic code, the hyponymy relation, and the
information of the word.

(2) The concept properties, such as using the core words to illustrate the meaning
and collocation.

(3) The common grammar properties, such as subject, verb, object.

A semantic search engine is developed as a demonstration prototype system of
multilingual ontology knowledge base. By now, the prototype system can be searched
by words both in Chinese and in Tibetan. Also, when people input a keyword in
Tibetan, the search engine can provide the results both in Chinese and in Tibetan, as
long as the searching results are semantic related.

As far as we concerned, there hasn’t been any research in minority languages
processing of China on the level of semantic ontology.

3 Extracting Hyponymy Patterns in Tibetan Language

The acquisition of hyponymy is a basic and vital problem in knowledge acquisition,
which is useful for the automatic creation or enrichment of ontologies and also can be
used in extracting concepts concerned with this semantic relation.

The hypernym/hyponym relationships among the noun or verb synsets can be
interpreted as specialization relations between conceptual categories.

There are three factors in hyponymy pattern extracting:

(1) The definition of hyponymy pattern in certain language;

(2) The selection of hyponymy pattern according to the sentencel

(3) The algorithm to test the selected hyponymy relation.

In this section, the hyponymy patterns extracted in Tibetan language are introduced
as an illustration of the multilingual ontology base.

3.1 Hyponymy Pattern Definition

We consulted the hyponymy definition of WordNet and gave the related definitions as
follows:

Definition 1. Given a concept C; and C,, the synonym set of C; is {C;, C’, ...} and
the synonym set of C, is {C,, Cy’, ...}. If the semantic meaning of C; was consumed
by C,, then C; and C, are the hyponymy relationshipl in which C; is a hyponym of C,,
C, is called a hypernym of C;, noted by hr(C;, C,).
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Definition 2. The hyponymy pattern space ¥ can be defined as a quad (G, P, A, HR).
G is the corpus, which are sentences in Tibetan language G={s,, sy, ... , S,}.
P is the hyponymic relations set P= {py, ps, ... , pn} Which is defined by human
people and will be given in the next sub-section.
A is the algorithm set, which comprises the pattern learning algorithm.
HR is the hyponymy concepts set HR= {hr, hr,, ..., hr,}, which can be learned by
algorithms automatically.

3.2 The Hyponymy Patterns

Despite the significant amount of work done on acquiring hyponymy pattern
automatically or semi-automatically recent years, we propose the hyponymic relation
by human.

The reasons of getting hyponymy patterns in Tibetan manually are listed below:
(1) Comparing with English or Chinese, not many available and frequently updated
websites in minority languages can be downloaded. (2) As most minority
languages, the information acquisition researchers face a great many of difficulties
in dealing with being lack of text resource. (3) Further, the lack of the available
minority languages electronic dictionaries and other useful ontologies acts as a
brake to progress.

Animal
By
Vertebrate - ‘\?"'\o Invertebrate
oy uaa’mi‘f’qba\ ;i?-fﬂ‘c\’.wﬁ 5‘13:115"1'\
g X
o / \%‘\ :\; ,_F 6&
: 4 "
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Fig. 2. The illustration of hyponymy concepts in Tibetan Language
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The five hyponymy patterns in Tibetan language are defined as follows:

(1) One to one pattern

<1C1= [51 <7C2> LRey(@oy o) disyl

(2) More to one pattern

<1C1> [gxc] <7022 []  <7Cm> [afup=it] <?Cm+1>

(3) One to more pattern

<1C1> (51 <102 Ghmp@mpdmimed <1C3>  Lip@Emér) pmisd
(4) More to more pattern
<1C1> L2 <7C22 [3].<7C3>. D@y Rend <7045 D@ psiisd:
(5) Multiple level pattern

<7C1> (5] <7C2> [ammped <7C3>  Dimpim@efis ]

Figure 2 shows the illustration of hyponymy concepts in Tibetan Language, which is
extracted from the texts.

3.3 Extracting Hyponymy Patterns

Given the hyponymy pattern set P={p1, pa, ..., pm}, and corpus G, there are sentence
set S={sy, s, ..., s,} in G and pattern p;, ps, ..., px (pi€P, i=1, 2, ... k). Then
given V se S and V p;eP, if sentence s matches and p; according to the pattern match
algorithm, that can be noted by (s, {pi, p2s ---» Px })- If there are no pattern matches s,
that can be noted (s, @).

For example, there is a sentence in the corpus:

4

Hmrmar s ar e o e i o s eyar R s A T e e B e
Rl A= %-ﬂ N S SNE | e IS SIS B IR ) e s S A A L
] |\ =3 \ R = = 4

There are some clothes in the wardrobe, such as jackets, trousers, gowns.

Pattern p can be defined as follows :

Defpattern hyponymy relation(one to more pattern)
{ Fundamental pattern:

<Cl= [5=] <7C2> [ ] . <’Cm>. [arFmaro] <Cm+1=

The Hyponyms are <?Cl>, <?C2> and <?Cm>
The hypernym are <?Cm+1>
}

The pattern match outcome is :
PR SO SOy - SN Ny S - AU S SU— -
Jogpran iy e /e Avgs/ /g farfarad Ay ey /s an)

Wardrobe /jackets /, /trousers /, /gowns/ clothes
Hyponyms : <?Cl>= T g as~¥n gmrefmras:

(There are some jackets, trousers in wardrobe)
Hyponyms : <?C2>= g=1 (gowns)

Hypernyms : <?C3> = #5= (clothes)
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The candidate hyponymy relation:
h(Frgmredfvgs . Zxaw) hr(jackets\trousers, clothes)

hr(g=r, Hm) hr(gowns, clothes)

The correct hyponymy relation:
(¥ g, o) hr(jackets, clothes)
hr(Fprges, garaw) hr(trousers, clothes)

v TF=W) hr(gowns, clothes)

4 Related Work

As far as we know, there hasn’t been any research in minority languages processing
on the level of semantic ontology.

Mr. Dong Zhendong, the creator of HowNet, has ever put it [4] that "natural
language processing system will eventually need a more powerful knowledge base for
support.” The core of semantics is knowledge, and semantic ontology is a displayed
formal specification of the shared conceptual model, which used to describe (specific
areas) knowledge.

With its long history and splendid culture, the Tibetan language has long been the
focus of many scholars and researchers both at home and abroad. Coincident with the
development of digitalization, the information processing research in Tibetan has also
gained rapid progress, covering such aspects as characters, words, phrases, sentences
and chapters. The stage of sentence processing has also been addressed ambitiously,
with such problems in the basic theoretical research as syntactic knowledge, semantic
knowledge and pragmatic knowledge to be solved urgently [5].

Hyponymy is useful for the automatic creation or enrichment of ontologies, there
are some research results in English and Chinese.

One of the first studies of hyponymy acquisition was done by Hearst [6]. Hearst
proposed a method for retrieving concept relations from text by using predefined
lexico-syntactic patterns. Other researchers developed other ways to obtain hyponymy,
such as Brent proposes a method of syntactic information from text corpora by using
verb sub-categorization frame recognition technique in [7]. Lei Liu proposes a method
of extracting hyponymic relations from Chinese free text and using concept space to
verify hyponymy in building a hyponymy lexicon in paper [8].

5 Conclusion and Future Work

China is a unified, multi-national country, with 56 nationalities in all. All these
minorities have a total of 27 scripts of their own in current use, which are all computer-
readable. Semantic ontology is a formal, explicit specification of a shared
conceptualization. To build ontology knowledge base for those minority languages is
vital in language processing, which can be applied in information retrieval, information
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extraction and automatic translation. Automatic acquisition and verification of
hyponymy relations is a fundamental problem in knowledge acquisition.

In this paper, the construction idea of multilingual ontology with unified criteria
and interface are introduced, and hyponymy pattern is represented as a pair of a
meaning frame defining the necessary information extraction in Tibetan language.
The research of hyponymy relationship pattern can assist concept enrichment in
ontology, which can reduce the cost during the ontology engineering process.

The work of this paper is a part of our ongoing research work, which aims to
provide an open reusable ontology knowledge base for further minority languages
processing progress. Various experiments and applications have been conducting in
our current research. Future work includes how to acquire and verify hyponymic
relations from Tibetan free text, how to obtain sentences patterns automatically and
how to verify the hyponymic relations with self features and context features.
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science and technology innovation platform of information technology application in
the minority national regions”, the key projects in the National Science and
Technology Pillar Program “Tibetan language and Uighur language monitoring
technology project”(No.2009BAH41B04) and the “Science Fund for Youths” project
of Minzu University of China(No. 1112KYQN39).
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Abstract. Conventional search engines are able to extract commonplace
information by incorporating users' requests into their queries. Users perform
niche requests when they want to obtain atypical objects or unique information.
In these instances, it is difficult for users to expand their queries to match their
niche requests. In this paper, we introduce a query suggestion method for
finding objects that have atypical characteristics. Our method focuses on the
property values of an object, and elicits atypical property values by using the
relation between an object’s name and a typical property value.

Keywords: Web search, Atypical Object Search, Atypical Property Values,
Relation between Object Name and Property Value.

1 Introduction

Recently, it has become very easy for users to survey information on everyday topics
by using conventional search engines such as Google, Yahoo, etc. A user can obtain
information on a topic just by using the topic’s appellation as a search term. In
addition, some search engines have suggestion functions, such as Google Suggest for
Google Web searches. These functions suggest search terms to the user based on the
strings that the user inputs for their query. The search terms that are suggested are
often useful for the user to obtain detailed information about their topic of interest.

On the one hand, users sometimes wish to obtain niche information such as that
related to objects that possess atypical characteristics. For example, a user may want to
know about a type of curry that has unusual characteristics when compared to variety
of curries. In this case, the user cannot formulate concrete queries to obtain information
about the curry. If a query is made using the term "atypical curry", conventional search
engines extract only pages that contain this phrase - they are unable to return more
specific information that may be of interest to the user on the topic.

In this paper, we propose a method for suggesting search terms to the user for
finding atypical objects. Specifically, it is focused on the object and its property
values. Our system outputs atypical property values based on the relation between an
object’s name and its typical property value. When a user inputs an object’s name and

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 103-][12, 2011.
© Springer-Verlag Berlin Heidelberg 2011



104 T. Fujisaka, T. Yumoto, and K. Sumiya

a typical property value for their query, our method outputs a pair that consists of an
object’s name and an atypical property value. Thus, users can obtain information
about atypical objects by using these pairs as their queries.

In this paper, we use Section 2 to explain work that is related to our research.
Section 3 is used to define atypical objects, and explain a method for discovering
atypical property values in detail. We then Section 4 focuses on an experiment that we
use to evaluate our method. Lastly, in Section 5, we make our conclusions and present
suggestions for further work on this topic.

2 Related Work

In terms of research on discovering atypical objects or unexpected information
previously unknown to the user on the Web, there are Aramaki et al.'s work [2],
Hattori et al.'s work [4], Otsubo's work [7] and Tsukuda et al.'s work [9]. Aramaki
et al. defined the unknown information as being a content hole and proposed a
"content hole search" method. Hattori et al. proposed a method that entails carrying
out searches for peculiar images by converting peculiar color-names in Web pages
into color-features. In their research, they used the term "peculiar images" to describe
images that users cannot imagine easily as standard images. Otsubo developed a Web
system which is able to encounter unexpected information related to an input query.
Tsukuda et al. proposed a method that extracts a typical or an atypical recipe by
adding or deleting an ingredient.

In both their and our research, the search targets are not standard objects. However,
they employed overall evaluation of an object or a topic, or a particular category of
object such as color-features or cooking ingredients, whereas our method discovers
atypical objects from a variety of properties of objects by inputting a user viewpoint.

In terms of research on finding a property and property values, there are Hattori
et al.'s work [3] and Tsuruta et al.'s work [10]. Hattori et al. proposed a method to
extract appearance description of objects such as animals and geographic features.
They found properties of the objects by using an image search engine, and extracted
property values related to the properties on the Web. Tsuruta et al. proposed a method
that automatically extracts a pair of a property name and a property value as basic
corporate property from official Web sites. They excerpted only parts of the page
which are written a property name by using the HTML structure. Then, they
composed a set of property names by analyzing the parts and detected property values
by using elements of the set.

Both their and our research extracts property values. However, our method doesn't
use explicit property names of objects because it is hard to appear on the Web. Due to
this, we use a relation between an object name and property values instead of
excerpting property names.

In terms of research on extracting a relation between two terms, there are Kato
et al.'s work [5] and Ohshima et al.'s work [6]. Kato et al. proposed a method that
searches for object names based on similarity of relations input by users. Particularly,
they found terms which strongly connect two terms A and B by using difference
between distributions of co-occurring terms. Ohshima et al. proposed a method for
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discovering related terms such as coordinate terms using Web search engines. In their
research, bi-directional syntax patterns are used for Web search queries and for
extracting related terms from Web search results.

Both their and our research extracts a relation between two terms. However, our
methods have to consider finding a relation which is able to discover atypical objects.
Due to this, we use a character string that occur between an object name and property
values and evolve the objects.

3 Our Approach
We define here atypical objects and explain our method.

3.1 Definition of Atypical Objects

We define an atypical object by using a given set of objects. An arbitrary object has
properties and inherent values. In addition, objects in a given set have common
properties. Under such conditions, when most objects in the given set have the same
property value, we define this as being a typical property value. Using this definition,
we designate an atypical object as being an object whose the property values are not
typical.

We will elaborate on this with the following example. Suppose that the term
"curries" as shown in Fig. 1 (a) and (b) defines a set of objects. Most curries possess

non non

"ingredient", "spice level", "color of sauce", etc. as properties. "Chicken curry"”, "pork
curry", "vegetable curry," and "seafood curry" are shown in Fig. 1 (a). When we focus
on the property "color of curry sauce", most objects have "brown" or "bistre" as a
property value. We can therefore say that "brown" and "bistre" are typical property
values of the property "color of curry sauce". On the one hand, "pink curry" [1] as
shown in Fig. 1 (b) has "pink" instead of "brown" and "bistre" as its property value,

and this is not a typical property value. Therefore, "pink curry" is an atypical object.

(a) A typical property value (b) An atypical property value

Fig. 1. Typical or atypical property value for the property "color of curry sauce" of a curry
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3.2 Finding the Atypical Property Values of an Object from a Typical Property
Value

Our method is used to discover objects whose typical property value has been
replaced with an atypical property value. For this purpose, there are two approaches to
identifying atypical property values, which we describe as:

-We use only an object name as a query.
-We use an object name and a typical property value as a query.

For the first approach, it is easy for users to input a query but they cannot specify
properties that they want to focus on. On the other hand, for the second approach,
they can specify a property by using a property value. For example, a user can focus
on "color of curry sauce", and if they input "curry + brown (or green)" to find a target,
a system can output objects that have atypical property values that correspond to the
user’s intention. Thus, we adopt the second approach.

We describe a method for finding atypical property values in Fig. 2. The method
comprises mainly three parts:

1. Collecting alternative property values from a typical property value.
2. Collecting alternative property values from candidate property values.
3. Detecting atypical property values by filters.

‘ 1. Collecting alternative property values from a typical property value

terms (nouns)
Q“o+sp (k)22 | |ac ()¢ (k)
0 o+sp,Vt, ;0<k)

sp®

t_pvsp,®o sp,0 Wt0(”“sp0(’)+0" 1,0
sp, P07 |

SP,
osp,® t_pv

QOAtJv

2. Collecting alternative property values 3. Detecting atypical
| from candidate property values property values by filters

if(SPoAc_ pvi
M ~sp 29

osp® c_pv,

c_pv;spo

al _pvJE AL PV

new c_pv; il
(] i >
“ »” L U
o+sp 7tk Tl 70
“« pom Oy
t0"sp D40 d ®
“op Dap? | J H S
Qspj +0 ~ J
— \ output
# repetitions:1< j<n repetition stage

Fig. 2. A method for finding atypical property values
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1. Collecting Alternative Property Values from a Typical Property Value. First,
we extract the property from an object name and a typical property value. However,
the property names do not always appear explicitly in Web pages. On the one hand,
we can obtain a hypernym of a typical property value by using conceptual dictionaries
such as WordNet [11] but it is not necessary to find property names.

We therefore focus on a character string between an object name and a typical
property value instead of excerpting property names. For our research, we define a
character string as being a syntax pattern and therefore the syntax patterns
communicates a property.

For this, we excerpt syntax patterns that occur between an object name o and a
typical property value 7_pv as follows. First, we obtain Web pages from Web search
results where the query was [n_g(=oar_ pv)and then extract syntax patterns that exist

between o and ¢ _pv from the sentences containing both words. We then retrieve the
syntax patterns spo* and sp,"” from o+spy™+1_pv and 1_pv+sp,+o. We use only top n
pages to reduce the processing time. SP, denotes a set of syntax patterns that were
obtained by using In_g. The entirety of sp,*, sp,”’ € SP, represents implicitly the
same relation between o and ¢_pv.

Next, we explain about how to find candidate property values c_pv; using SPy. First,
we gather top n Web pages of the Web search results by queries utilizing sp,*,
spo"€ SP,. When the syntax pattern is sp,*, we obtain Web pages using the query
"o+sp0(k>", and extract a term (noun) behind spo(k). On the one hand, when the syntax
pattern is sp,”, we obtain Web pages using the query "sp,+o", and extract a term
(noun) before spo(’).

Third, we differentiate property values that can be replaced with a typical property
value from candidate property values and call these alternative property values al_pv;.
For this, we regard all candidate values as being alternative property values.

2. Collecting Alternative Property Values from Candidate Property Values. In
this part, we obtain more alternative property values from candidate property values.
We use candidate property values instead of a typical property value.

First, we excerpt syntax patterns from an object name o and the c_pv;. We pose the
query Re_qg(=oAc_pv) from o and c_pv; and obtain top n Web pages. Then, we

extract syntax patterns spj(k) and spj(l) that occur between o and c_pv; from sentences
that contain both words. SP; denotes a set of syntax patterns that were obtained by
using Re_g. Second, we extract new candidate property values. We pose the query for
a phrase search from o and SP; that were excerpted by Re_g, and obtain top n Web
pages. When the syntax pattern is spj(k), we obtain Web pages using the query "o+
spj(k)", and extract a term behind spj(k). When the syntax pattern is spj(l), we obtain Web
pages using the query "spj(l>+0", and extract a term before spj(l). Third, we regard the
term as being a new c_pv; and detect alternative property values al_pv;among the new

c_pv. Ifsp oy O SP, # ¢, we regard the new c_pv; as being the al_pv;.

OADEW C _

We repeat this process, comprising the extraction of syntax patterns from candidate
property values and the extraction of candidate property values from syntax patterns,
until we cannot find new candidate property values.
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3. Detecting atypical property values by filters. Finally, we extract atypical
property values at_pv; only from alternative property values using an association filter
(AF) and a co-occurrence filter (CF). These detect typical property values, and we
regard the remaining property values as being at_pv;.

The association filter eliminates property values that are associated with an object
name. Nouns in sentences that contain the object name are associated with the object
name. We obtain top n Web pages with the query o only and we use sentences in these
pages. On the one hand, the co-occurrence filter eliminates property values that co-
occur frequently with the object name. This filter uses the number of Web search
results. We denote Hw(q) as the number of search results when a query is g. If Hw(o,
al_pv;) >= Hw (o, t_pv), then al_pv; is filtered out.

4 Experiment

We prepared some queries that comprised pairs of an object name and a typical
property value as shown in Table 1, and then extracted alternative property values.
Here, Japanese style pubs are places where alcoholic beverages are consumed usually
in a private room, which was therefore chosen as the query. We asked six subjects to
evaluate the extracted alternative property values. The experimental procedure is
illustrated in Fig. 3.

Table 1. Keyword pairs as queries

object name typical property value
soft serve ice cream chocolate

Japanese style pub private room

chair wood

- Experimental procedure for examinees
1. Showing alternative property values without
the filters which are extracted by each query
2. Making a query (an object name, the value)
for the Web search
3. Browsing information of the query
4. Evaluating the values
- at_pv: atypical property value
- t_pv: typical property value
- no: not a property value 7

Fig. 3. The experimental procedure for subjects
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Table 2. Results for the evaluation experiment (precision)

part of property values which are selected

query precision by many examinees as "at_pv"

soft serve ice cream, chocolate 0.45 {rice cracker, Japanese horseradish, kelp}
Japanese style pub, private room 0.45 {prison, mansion, end of Edo Period}
chair, wood 0.33 {paper, Styrofoam, cork}

First, we evaluated the extracted atypical property values based on precision using
formula (1).

. _1&IAT_PV,NANS, |

Preczxmnf;;—l AT_ PV (1)
AT _PV; is a set of atypical property values that were extracted by our method when a
query was ¢;, and ANS; is a set of property values that an subject evaluated as being
atypical property values. The n expresses the number of subjects.

In Table 2, we show the precision of each query. We found that our method could
be used to extract atypical property values. For example, when the query was “soft
serve ice cream, chocolate”, our method extracted "rice cracker". The cracker is a
classical Japanese snack and it is not used as an ingredient, especially for sweets.
Therefore, many subjects regard "rice cracker" in the ice cream as being an atypical
property value.

To analyze our method in detail, we show the results that it generated in Table 3
and 5. In Table 3, we denoted the number of syntax patterns and candidate property
values with the first and second parts of the method as shown in Fig. 3. On the
method of the second part, we expressed the numbers in every loop. In other words, it
corresponds to the number of inquiries on the Web. As shown in Table 3, the transit
of all queries is a bell-shaped tendency and eventually converged after some loops.

In Table5, we presented the extracted property values for each query. The
underlined property values were evaluated as being atypical by many subjects. In
the column, we classified the property values that were found in the both parts. The
property values in the row "before filtering" are all alternative property values.
The property values in “before AF” were inputted into the association filter and italic
property values were eliminated by it. The property values in “before CF” were
inputted into the co-occurrence filter and italic property values were eliminated by it.
Property values in “after both filters” were the property values that remained after
applying both filters.

As shown in Table 5, we found many alternative property values with both parts
for all of the queries. In particular, more alternative property values were not
eliminated by using both filters for the second part of the method than for the first
part. Therefore, the second part of the method is important and might include more
atypical property values than the first part. In fact, the second part extracted more
atypical property values than the first part for all queries.
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Table 3. The number of syntax patterns and candidate property values with the both parts

query (o, t_pv) EIIISePillf SIth_aI;tVI) the second part (ISPjl, IC_PVI)

(soft serve ice cream, (15. 84) (27, 109)—(47, 99)—(51, 100)—(46, 83)
chocolate) —(23, 54)—(15, 14)—(6,8)—(2, 1) 8 loops
(Jz.lpanese style pub, (15.37) (19, 74)—(34, 109)—(57, 95)—(67, 89)
private room) —(47,56)—(22,43)—(15, 12) 7 loops
(chair, wood) (26, 129) (77,252)—(113, 200)—(148, 105)

—(98, 302)—(45, 242)—(26, 37) 6 loops

Table 4. Evalutation of the filters

query association filter co-occurrence filter  both filter

soft serve ice cream,
chocolate

Japanese style pub,
private room

chair, wood (4+5)/19 =47.4% (0+5)/15 =33.3% (4+5)/19 =47.4%

(6+11)/36 =47.2% (3+9)/25 = 48.0% (9+9)/36 = 50.0%

(5+7N)/21 =572% (3+5)/16 = 50.0% (8+5)/21 = 62.0%

However, the precision of all of the queries that are listed in Table 2 is on the
whole low. In this study, our filters were used to eliminate typical property values or
noise. The filters may not have eliminated part of the typical property values or an
entire property value. In addition, the filters might also have eliminated atypical
property values. Therefore, we evaluated the filters by examining the detection rate
(dr) that is utilized for evaluation of a spam filter [8]. We define dr as follows:

|TP|+|TN|
dr=-—="——"——-"x1

00
| AL_PV, | @

AL_PV; is a set of alternative property values that was found by our method before
applying our filters when a query was ¢;. True Positive (TP) is a set of the property
values that were eliminated by our filter and judged by subjects to be typical or noise.
True Negative (TN) is a set of the property values that were not eliminated by our
filter and that were judged by subjects to be atypical.

As shown in Table 4, the detection rates ranged from 47.2 to 57.2 for the
association filter. On the other hand, the rates ranged from 33.3 to 50.0 for the co-
occurrence filter. Furthermore, for both filters, the rates ranged from 47.4 to 62.0, and
half of all property values could be detected.

However, the accuracy was not high when both filters were used. In particular, the
detection of TP was bad. For the association filter, we regarded the nouns of sentences
that contained the object name in the Web contents as being property values that were
associated with an object. We believe that this hypothesis was too simplistic. On the
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Table 5. Extracted words for the query of chair and wood

query: (soft serve ice cream, chocolate)

phase

part 1 method

part 2 method

before filtering

bean paste, baked sweet potato, strawberry,

yogurt, Chinese citron, pineapple, cherry,

Japanese plum, melon, tomato, shrimp,
highland, grape

soy sauce, Japanese horseradish, choice draft,
loquat, kelp, rice cracker, honey, wine, gold foil,
apple, cafe creme,coffee, vegetable, silk, alcohol,
Japanese snack, rice wine, dough, plastic, ginger,
soymilk, lemon, caramel

bean paste , baked sweet potato, strawberry,

yogurt, Chinese citron, pineapple, cherry,

soy sauce , Japanese horseradish, choice draft,
loquat , kelp, rice cracker, honey, wine, gold foil,

before AF Japanese plum . melon, tomato . shrimp . apple, cafe creme-, coff-ee, vegetable, s11‘k, al-cohol,
X : SUrmp Japanese snack, rice wine, dough, plastic, ginger,
highland , grape . D
soymilk, lemon , caramel
Japanese horseradish, choice draft , kelp, rice
baked sweet potato, strawberry , Chinese cracker, honey, wine , gold foil, apple, cafe creme,
before CF . . .
citron, pineapple, cherry, melon coffee, vegetable, silk, alcohol , Japanese snack,
rice wine, dough, plastic, ginger, soymilk
Japanese horseradish, kelp, rice cracker, honey,
baked sweet potato, Chinese citron, g il, , , , veg ,
after both filters bf]ked sweet potato, Chinese citron .old foil, apple, cafe creme, coffee, ve, etabl'e
pineapple, cherry, melon silk, Japanese snack, rice wine, dough, plastic,
ginger
query: (Japanese style pub, private room)
phase part 1 method part 2 method

before filtering

Japanese-style,elementary school,
established opinion, irori fireplace,
enthusiasm, British style, homemade, Spain,
the Showa Period, Indonesia, Germany,
fireside, nationality

room of tatami, log house, end of Edo Period,
veteran, mansion, prison, folk dwelling, tap

Japanese-style , elementary school,
established opinion, irori fireplace,

room of tatami, log house, end of Edo Period,

before AF enthusiasm, British style, homemade , Spain, . . .
the Showa Period , Indonesia, Germany veteran , mansion, prison, folk dwelling, tap
fireside, nationality
elementary school , established opinion, irori . .

before CF fireplace, enthusiasm, British style, Spain , room'of tatami, log house, Mw’
Indonesia, Germany , fireside mansion, prison, folk dwelling, tap

after both filters established opinion, irori fireplace, room of tatami, end of Edo Period, mansion,
enthusiasm, British style, Indonesia prison, folk dwelling, tap
query: (chair, wood)
phase part 1 method part 2 method

before filtering

cardboard, Chinese, stainless, paper,
bamboo, resin, cane, Japanese cedar,
Germany, metal, British, fiber, continent

leather, titanium, iron and steel, styrofoam, cork,
OKAMURA

cardboard, Chinese, stainless , paper,

leather, titanium, iron and steel, styrofoam, cork.

before AF bamboo, resin, cane ; 'Japar}ese cedalj, OKAMURA
Germany, metal , British, fiber, continent
cardboard, Chinese, paper, bamboo, resin,
before CF Japanese cedar, Germany, British, fiber, leather, titanium, iron and steel, styrofoam, cork
continent
cardboard, Chinese, paper, bamboo, resin,
after both filters [Japanese cedar, Germany, British, fiber, leather, titanium, iron and steel, styrofoam, cork

continent
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one hand, for the co-occurrence filter, we compared the number of Web search results
for (o, al_pv)) and (o, t_pv). If Hw(o, al_pv;) >= Hw(o, t_pv), al_pv; was eliminated as
a typical property value. In this work, we did not define an explicit threshold. For this,
the number was very high when 7_pv was too commonplace and the filter did not
eliminate the al_pv; because it was atypical. Thus, the detection rate was not high.
Based on these results, we need to improve the detection method in the future for
typical property values to resolve these problems.

5 Concluding Remarks

We proposed a method for finding objects that have atypical property values by
utilizing query suggestions. We first defined target atypical objects and then focused
on syntax patterns that exist between an object and a typical property value in Web
pages. Here, the patterns correspond to a relation between two words. Finally, we
obtained alternative property values by using these patterns, and from this we detected
atypical property values. In the future, we will improve the filters ability to detect
typical property values. In addition, we will perform comparative analysis among
existing methods. Furthermore, we plan to further examine various objects, and create
a robust model.
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Abstract. Mining repeated patterns from HTML documents is a key step for
typical applications of Web information extraction, which require efficient
techniques of patterns mining to generate wrappers automatically. Existing
approaches such as tree matching and string matching can detect repeated
patterns with a high precision, but their efficiency is still a challenge. In this
paper, we present a novel approach for Web lists mining based on the indent
shape of HTML documents. Indent shape is a simplified abstraction of HTML
documents in which tandem repeated waves indicate the potential repeated
patterns to be detected. By identifying the tandem repeated waves efficiently
with a horizontal line scanning along an indent shape, the repeated patterns in
the documents can be recognized, from which the lists of the target Web page
can be extracted. Extensive experiments show that our approach achieves better
performance and efficiency compared with existing approaches.

Keywords: Repeated Patterns, Web Lists Mining, Indent Shape, Tandem
Repeated Wave.

1 Introduction

Nowadays, Web data has become the largest public information source in the world.
In a majority of cases, Web data is typically a description of objects retrieved from
underlying databases and displayed in Web pages following some fixed page
templates [15]. The various kinds of lists containing repeated data items are the most
fundamental and common structures in page templates because of the intrinsic
connection between repeated Web data items and relational database record lists.
Figure 1 shows a Web page from sourceforge.net using three lists to organize its
application data. The data item in each row usually holds valuable information for
Web mining applications. Because rows in the same list are always generated by the
same server-side HTML-generating component, their structures are usually similar or
even totally identical. The formal expression of these row structures is called repeated
patterns, which can also be treated as formal-defined templates such as regular
expressions.
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Fig. 1. Lists region of a Web page. The figure only shows three lists as an example. Actually it
contains more than three lists.

Repeated patterns mining is a hot topic in Web data mining area, and a lot of
approaches have been proposed in the last decades [1]-[5]. String matching [2] and
tree matching [3] are the two most important approaches. The time complexity of the
two methods is at least O(N?), where the problem size N is the length of the HTML
encoded string and the number of nodes in the HTML DOM tree respectively.
Because of its time-consuming nature, this may not be acceptable for most of Web
mining applications. As a result, some heuristic methods were also proposed in recent
years. Two typical examples are tag based approaches [6] and vision based
approaches [4]. The former uses pre-defined tags as heuristic rules, but they cannot
detect lists with starting tags beyond the scope of pre-defined tags. The latter uses
visual contents as heuristic rules, but they have to request visual data from browser
rendering engines, which introduces additional overhead.

In this paper, we introduce a novel Indent Shape based approach for Lists Mining
(ISLM) efficiently from Web pages. Given an HTML document following the
standard HTML indent style, tandem repeated waves in its indent shape can almost
capture all the features of its repeated patterns. We propose an efficient algorithm to
find all the greatest tandem repeated waves in the indent shape, which can be used to
identify all the lists easily according to the unique mapping between indent shapes
and the lines in HTML documents.

2 Related Work

Repeated patterns mining of HTML documents are the basis for automatic Web data
extraction. Since 1998, there are several automatic extraction systems have been
proposed, such as IEPAD [2], MDR [3], Dela [8], and NET [9].

IEPAD [2] models an HTML document as a decoded binary string of the tag
sequence and tries to find maximal repeated patterns using a PAT tree, which is
similar to a suffix tree. MDR [3] uses DOM tree to find repeated patterns in cases
where data records have a complex or nested structure, which is not addressed in
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IEPAD. MDR searches multiple generalize-nodes using edit-distance similarity
between sub trees. DeLa [8] and NET [9] concentrate on finding nested lists, which is
based on tree traversal (not tree matching) and node comparison during the traversal.
[7] uses trees to do the alignment instead of strings, which exploits nested tree
structures to achieve much more accurate data extraction. However, all the above
approaches does not consider time complexity in depth.

Many heuristic methods were proposed in order to improve performance. Diao et
al [13] uses tags to identify boundary of list items, such as <div>, <P>, <TABLE>
and <UL>. Lin et al [6] considers <TABLE> tags and uses an entropy based approach
to discover informative ones. These methods are highly efficient but they do not work
well when the lists are not distinguishable by the predefined tags. ViNTs [4] uses
visual content features to identify boundary of the search result records, and then
generates extraction rules combined with tag structure information. ViPER [10]
identifies tandem repeats and visual context information for record segmentation, and
enhances the extraction technique of MDR. VENTex [11] implements the information
extraction from Web tables based on a variation of the CSS2 visual box model. ViDE
[12] focuses on extracting regularly arranged data records and data items from deep
Web pages. These methods mainly exploit visual features in the process of identifying
data records or lists, hence they have to request visual data from browser rendering
engines which introduce additional overhead.

This paper gains inspiration from the visual information based approaches. We
treat an indent shape as a new kind of visual information for HTML documents, and
indent shape can be easily retrieved from the source codes of HTML documents and
will have little influence on performance. The differences between our approach
and existing approaches include: (1) We use indent shape to model Web pages (now
only HTML-based Web pages are considered) instead of DOM tree or encoded string,
which leads to obvious performance improvement compared with existing
approaches. (2) We only use starting tags of each line for similarity score calculation
among list items instead of relying on a specific set of tags or identifying types of tags
as previous approaches do.

3 Indent Shape Model

Generally, an HTML document is organized as a hierarchical structure consisting of
layered elements, and each HTML element contains three parts [14]: a start tag,
content, and an end tag, indicated by <tag> element content </tag>. Between each
pair of tags, the element content may contain sub elements at lower layers. According
to the above HTML coding standards, the following assumptions called standard
HTML indent style are made in this paper:(1) The start tag of an HTML element
begins with a new line and a line begins with an HTML tag;(2) The tag of a sub
element at a lower layer starts with one additional indent unit (such as two blank
characters) compared with their direct parent element;(3) The start tag and the end tag
of the same element have same indents.

Note that some HTML documents do not follow the above assumptions. For
example, HTML documents of Google (www.google.com.hk) have no line-break and
are formatted into one line HTML code. In some other extreme samples, each line has
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no indents at all. But fortunately, lots of HTML format tools like
Tidy(http://www.w3.org/People/Raggett/tidy) can be used to convert HTML
documents into the ones satisfying the above three assumptions, and the transform
operation only needs to traverse the document once with the complexity of O(N),
where N is the total number of tags in that document. According to our preliminary
experiments, more than 94.5% of 5000 HTML documents in real Web sites follow the
three assumptions above.

For each line in a HTML document, the number of the blank characters before the
first tag in this line is called its indent distance, and its starting tag (a start tag or end
tag of an element) is called the skeleton tag of this line. Intuitionally, the combination
of the line number of one line and its indent distance can be regarded as a point on a
two-dimensional coordinate system, which is called the fag point of this line. Now we
can give a formal definition of indent shape.

Definition 1, Indent Shape. Given an HTML document with n lines, its indent shape
is an n-dimension vector <(py, ), (P2, 1), --., (Pns 1,)>, 1; is the skeleton tag of line i,
and p; is the tag point of line i and p; is denoted by a 2-tuple (i, id;) in which id; is the
indent distance of line i, 1<i<n. A zigzag curve with points py, py, ..., p, On a two-
dimensional coordinate system, which is called an indent shape curve in this paper.
The part located between any two tag nodes is defined as a segment.

Let w be a segment in indent shape, we use SLN(w) =i and ELN(w) = j to denote
the start line number (SLN) and the end line number (ELN) of w respectively. If
SLN(W)<SLN(w) and ELN(W")>ELN(w), w is called sub-segment of w’, which is
denoted by wew’. If SLN(w’) = ELN(w) +1 or SLN(w) = ELN(w’) +1, w and w’are
contiguous.

The similarity between the two sub-segments is calculated according to a classical
method called Dice's coefficients. Also, there are many other methods, such as
Jaccard’s coefficient and cosine similarity etc. Given two sub-segments w; and w; of

the same segment w, the vectors st=<t, t,,..., t> and st'=<t’, ¢, ¢ > are consist of

distinct skeleton tags, the similarity of two vectors is calculated using formula (1)
below:

Dice(st, st")=2*stNst'1/(Istl+1st’T) (D

If the similarity is greater than or equal to the given threshold 7, then it means w;is
similar with w;, and the similarity equals to 1 means w; is identical with w;. The
average value of each similarity between two contiguous sub-segments in w is greater
than or equal to the given threshold 7 means w is a tandem repeated wave, otherwise
it is not. This average value is defined with self-similarity.

Definition 2, Tandem Repeated Wave. Given an indent shape o and a segment w,
there exists k sub-segments wi(i=1,2,....k),w =w;w,...w,, for each w; (i=1,2,...,k-1) if
the following two conditions are met: (i) w;is similar with w;,; or w; is identical with
wi,1;(i1) w;and w;, are contiguous, then w is a tandem repeated wave.

Definition 3, Greatest Tandem Repeated Wave. Given a tandem repeated wave w
in indent shape o, w is a greatest tandem repeated wave if and only if the following
statements is true: for every tandem repeated wave w’, if w < w7 then
FLN(w)=FLN(w’) and LLN(w)=LLN(w").
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Based on the definitions above, segments corresponding to Web lists are tandem
repeated waves, whose sub-segments are corresponding to records contained within
the lists. The problem of mining Web lists is transformed to finding the entire greatest
tandem repeated waves in the given indent shape.

4 Indent Shape Based Approach

This paper proposes a novel segmentation method by horizontally scan an indent
shape with indent line. It has four basic steps:(1)divide indent shape into several
segments.(2)calculate self-similarity among the segments.(3)detect tandem repeated
waves based on self-similarity. (4) find greatest tandem repeated waves among these
waves in (3).

R

Indent line | ©

Sp ﬂ#l .

Fig. 2. The procedure of ISLM. SP stands for the start position, EP stands for the end position.
EP and SP are shown with dotted lines, which are scanning boundary of intend line. The intend
line is showed with solid line.

Figure 2 shows the procedure of ISLM (pseudo code is given in Appendix). Given
an HTML document o and a threshold 7, the indent shape of o is denoted by A. We
use an indent line to scan A along the y-coordinate from the start position SP (the
minimum indent in A) to the end position EP (the maximum indent in A) at different
indent values occurred in A. First, for each indent value in A, o is divided into
segments by the intersections with the indent line and A, all the contiguous segments
above or on the indent line are merged into one single segment selected as candidate
segment; Then, for each candidate segment, its self-similarity will be calculated; Step
three, if the self-similarity is greater than or equal to 7, then the segment is identified
as a tandem repeated wave; For the final step, all tandem repeated waves in A will be
discovered, among which containment relationship are checked. The greatest tandem
repeated waves which are not contained by any of the others will be found.

In order to illustrate our approach, we give a case study. Figure 3(a) and 3(b)
shows the home page of the Web site www.sourceforge.net and the indent contour of
the different lines in its HTML document respectively. For each line in 3(b), its line
number and the number of its indent characters (blanks) can be mapped to the x-
coordinate and y-coordinate of a point in an indent shape, as shown in Figure 3(c)
where SP=1 and EP=36. When the indent line moves to the position p=18, it will cut
the indent shape into seven candidate segments among which there is one above p
composed of eight contiguous sub-segments w;, W, ..., wg. In this example, ISLM
will identify two greatest tandem repeated waves. One corresponds to list B which
starts at line 93 and ends at line 841, and the other corresponds to list A which starts
at line 882 and ends at line 1165.
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Fig. 3. A Case study of ISLM. (a) is lists region of A and B in a Web page.(b) is HTML source
code of the Web page, also it shows the indent contour of the different lines.(c) is the procedure
and result of processing the Web page with ISLM. p is the current position of indent line.
S1,S2,...,S7 are candidate segments. wi, Wy, ..., Wg are sub-segments of tandem repeated wave
S2.

5 Experiment

We compare our algorithm with existing methods MDR [3] and IEPAD [2] with two
experiments using two data sets: data set 1 is from [5] and data set 2 is constructed
from the home pages of practical Web sites, which are randomly selected from open
source software (OSS) forges, whose pages mainly represent OSS project lists. The
ground truth for data set 2 is manually constructed by experts of our research group.
They identify all the lists contained in Web pages of data set 2, and compare the
output results with the ground truth. We calculate the precision and recall by formula
(2) and formula (3), where TP is the number of lists extracted from the pages
correctly, FP (or FN) is the number of false positive (or false negative) lists extracted
per page. Meanwhile we calculate F-score by formula (4). The algorithm in [5] is a
successor of MDR and mainly focuses on nested lists, and we think MDR seems to be
more convictive for this experiment.

Precision = TP/(TP+FP) 2)
Recall =TP/(TP+FN) 3)

F-score = 2*Precision*Recall/(Precision+Recall) 4)
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Table 1. Performance results on the two data sets
Data Set Data Set 1 Data Set 2
Approach IEPAD MDR ISLM IEPAD MDR ISLM
Precision  67% 98.4% 98%  719% 96.4% 96.7%
Recall 39% 99% 100% 61% 96% 96.7%
F-score 0.49 0.99 0.98 0.69 0.96 0.967
Table 2. Efficiency results on data set 2
Page Total Total Execute Time(ms)
characters tags  IEPAD MDR ISLM
sourceforge.net 67624 3975 629154 2918 489
gitorious.org 11053 857 1433 109 9
appache.org 96876 4732 273 843 175
savannah.gnu.org 17358 832 400 48 21
gnome.org 17411 1206 1837 63 38
codeplex.search 105630 4624 919594 813 182
gna.project 15505 781 253 47 17
origo.project_list 23862 921 327 30 3
Average 44414.88 2241 1941589 608.875 116.75
Table 3. Accuracy metrics changing with threshold 7'
T<=0.3 T=0.4 T=0.5 T=0.6 T=0.7 T=0.8 T=0.9 T=1.0
Precision 83.7% 88.6% 96.7% 92.4% 95.5% 98.7% 100% 100%
Recall 99.6% 99.3% 96.7% 95.7% 36.7% 33.4% 5.6% 0.43%
F-score 0910 0.93 0.967 0.940 0.530 0.500 0.106 0.008

The three algorithms are implemented with Java and tested on a PC (SONY VGN-
NWI18H, Intel Core CPU T6500 2.1GHZ*2, 4GB of memory, 32bit OS Win7). The
threshold is 0.5 for IEPAD and 0.3 for MDR following the suggestions of their
authors. Table 3 shows the parameter setting about threshold T and its affection to
accuracy of our methods. According to table 3, when T = 0.5, all metrics of accuracy
reach the maximum at the same time, the threshold for ISLM is 0.5. Table 1 shows
the result of the first experiment: (1) Our approach is much better than IEPAD in all
performance metrics with both data sets. (2) For data set 1, our approach has 100%
recall and its precision and F-score are very close to MDR. For data set 2, our
approach has a better performance compared with MDR.

Table 2 shows the result of the second experiment: our approach is significantly
faster than IEPAD and MDR. Its average execution time is over 5 times faster than
MDR and 1600 times faster than IPEAD.

6 Conclusion

Firstly, this paper proposes a novel indent shape model for HTML documents, based
on which the problem of mining web lists is transformed to finding the entire greatest
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tandem repeated waves in the given indent shape. Secondly, the paper proposes a
novel segmentation method by horizontally scan indent shape with indent line to find
all the greatest tandem repeated waves. Finally, the paper carries out some extensive
experiments, the results show that our approach achieves better performance and
efficiency compared with existing approaches. More perfect performance of our
approach is under research.
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Appendix: Pseudo Code of ISLM and Complexity Analysis

ISLM (Indent shape A, Threshold T)
Output: set of greatest tandem repeated waves
for each distinct indent value occurred in A
get the intersections of the indent line and A
merge contiguous segments above or on the indent
line into one segment, which inserted into set S
for each segment Si of S
if the number of sub-segments contained by Si 22
calculate self-similarity of Si
if self-similarity of Si=2 T
insert Si into set of tandem repeated waves TRW
for each element of TRW
if it is contained by any other element
delete it from set
return TRW

The core idea of this algorithm is: tandem repeated waves capture all the repeated
features of lists, these waves are different with other disorganized waves, so we can
recognize lists by identifying tandem repeated waves. Line 4-5 divide indent shape
into several segments, only contiguous segments above or crossed by indent line are
corresponding to HTML elements. Line 6-10 calculate self-similarity of each
segments, the self-similarity of which corresponding to the lists are more likely to be
higher than the threshold value. Line 10 gets all the tandem repeated waves into the
set TRW. Line 11-13 find all the greatest tandem repeated waves. After that we can
extract all the lists easily. The complexity of ISLM is O(2kN;), where N, is the
number of distinct skeleton tags of a given indent shape, k is the number of distinct
indent values, in others words k is the depth of DOM tree of the standard HTML
document. The complexity of converting HTML documents into the standard HTML
indent style format is O(N,), N, is the total number of tags of the HTML document. In
the worst case, each tag is different which means N,=N,, the total complexity of our
approach is O(KN,),where K=2k+1.
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Abstract. Research of data mining has developed many technologies of filtering
out useful information from vast data, documents clustering is one of the
important technologies. There are two approaches of documents clustering, one
is clustering with metadata of documents, and the other is clustering with content
of documents. Most of previous clustering approaches with documents contents
focused on the documents summary (summary of single or multiple files) and the
words vector analysis of documents, found the few and important keywords to
conduct documents clustering. In this study, we categorize hot commodity on the
web then denominate them, in accordance with the web text (abstracts) of these
hot commodity and their accessing times. Firstly, parsing Chinese web text of
documents for hot commodity, applied the hierarchical agglomerative clustering
algorithm--Ward method to analyze the properties of words into themes and
decide the number s of themes. Secondly, adopting the Cross Collection Mixture
Model which applied in Temporal Text Mining and the accessing times( the
degree of user identification words) to collect dynamic themes, then gather stable
words by probability distribution to be the vectors of documents clustering.
Thirdly, estimate parameters with Expectation Maximization (EM) algorithm.
Finally, apply K-means with extracted dynamic themes to be the features of
documents clustering. This study proposes a novel approach of documents
clustering and through a series of experiment, it is proven that the algorithm is
effective and can improve the accuracy of clustering results.

Keywords: Documents Clustering, Temporal Text Mining, Extracting Theme.

1 Introduction

Due to the progress of network bandwidth and compression technology, the
dissemination content of text, graphics, and sound has advanced to 2D and 3D
animation and video. Through the Internet transmission, the computer not only
enables messages to be received from all over the world, but also has become a
favorite family entertainment medium. The well-known market research company
Jupiter Research pointed out that global Internet advertising revenue in 2003
transcended that of Cable TV, making the Internet be the second-largest media after
Wireless TV, while in relation to the rate of broadband Internet access (including
ADSL and Cable Modem), Taiwan ranks second in the world after Korea. So, the
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competitive application of “online videos” by all industries and government
departments is inevitable. The quality of playing online video will be enhanced along
with the continual development of broadband network and compressed technology.
From the experiences of Internet users, network media characteristics, and constant
innovations, the form of digital video on the Internet will evolve to integrate more
open and diverse thinking..

However, with the increased amount of Internet users, the challenge of website
management is no longer how to obtain information from the vast amounts of data,
but rather how to manage and classify the information. Because people generally lack
sufficient time to analyze, digest, and absorb considerable information at a time, how
to quickly and efficiently classify these huge amounts of online video with abstract
(web text) and provide information to denominate category are the important issues
for the website managers.

Recently, some scholars of text mining proposed temporal text mining (TTM)[5]
analysis of time series documents, extracting the themes and analysis of themes
evolution. This study adopted similar model, text description documents of online
video collections would be arranged according to the time, extracting themes would
be the features of clustering. Zhai et al.[6] divided these themes into three types:
background themes, common themes and specific themes. In our studies, we would
adopt the approach of TTM, and adapted these three kinds of themes to be the
thesaurus of clustering groups. Our studies suggested that background themes can be
regarded as stop words, the specific themes can be recognized as noise, and keep the
common themes to be features of clustering.

This study is divided into five sections. Section 1 Introduction: explains the
motivation, background, purpose, and scope of the study. Section 2 Related Work:
review the related research, especially the TTM technology. Section 3 System Design:
describes the research ideas, derives the study’s proposed algorithms, and describes
the system framework of our study. Section 4 Empirical Analysis: examines the
cluster experiment conducted based on the research model, analyze the experimental
results. Section 5 Conclusion and future research: presents the finding of our study,
the contribution to the relevant fields, and the direction of future research derived in
this study.

2 Related Work

The TTM refers to the text information collected in a period of time, and found the
related mode of time. Since most of the text information has certain time stamps, much
of TTM has been applied in a variety of fields, such as the news reports’ summary of
events and research trends revealed in scientific literature.

In 2002, Roy et al. [4] published an article on the trend detection method, especially
trend detection for the initial development. They used the citation search of thesis
inquiries to acquire citations to generate documents collection or the trend collection of
a specific topic, which was then used to detect the initial emergence point.

In 2004, Morinaga and Yamanishi [3] published an article on mixture model to
handle text streams and to develop the dynamic topic trend analysis. They proposed
that with a unified thematic structure point of view, the weighted average probability
model, through dynamic learning and tracking of text stream X, can establish the
mixture model. Assuming W = {w,w;,...,w,} to be the term collection after all text
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streams have been treated through the word parsing and stop-words removal
processing, t#f(w;) is the frequency or the occurrence times of the term w; in a
particular text stream x; idf{w;) is the idf value of the term w; ; and zf- idf(w;) is the
tf-idf value of term w; formula 1 represents the text stream x:

x = (tf W), ... tf(Wg) ) Or x = (tf —idf (w1), ..., tf —idf(wq)) (1)
The author used the formula 2 to obtain probability P(x / #:K) of the text stream X in

the topic £, and equals to the degree of distribution 7 ;of each topic #: (i=1, ..., K)

multiplied by the distribution probability P(x / #: ) of the text stream, where

kK, m =1. After that, we could identify the topic structure, detect the topic

emergence and characterize the topic features.
P(x|6:K) = Xi<y m; P(x]6)) @)

Supposing each Pi(x / #:) meet with the Gaussian density, the data dimension d
of each text stream Pi(x / &:) can be expressed as follows:

Bfxl8) = ¢(xlu,Z) = Wexp (—§ (r = )" (x = #i)) 3)

Where p; is the real-valued vector, X; is the d x d space matrix.

The TTM study in 2005 conducted by C. X Zhai and Q. Z Mei proposed the Cross
Collection Mixture Model (CCMM) [5], which not only took into account the text
structure of the clustering documents, but also used the background theme, common
theme, and specific theme to deal with the text message of time stamps, while the
background theme replaced the manual processing of stop-words removal, and the
common theme was further used to facilitate the dynamic topic trend analysis.

3 System Design

The system of this study applied CCMM method based on the terms information of
documents content, to calculate the correlation between terms, and further analyze the
dynamic themes by identification of the degree of discrimination of terms information
for documents clustering.

In this study, Chinese terms parsing process was adopted to analyze which terms w
are in Content_title of each document d, and at the same time to inquire the number of
times c(w, d) the terms w appeared in the document d. The practical operation
adopted the term parsing process customer service program of Chinese terms system
from the Chinese Knowledge and Information Processing (CKIP) of Academia Sinica
for Chinese terms parsing. Usually the key words of documents would have some
characteristics, because the verb and adjective have involved the application of
vocabulary. When the subject under collection of a group of verbs and adjectives
cannot be clearly expressed in its concept, this research intercepts the terms with
characteristics of a noun as a dynamic theme for use, to facilitate nomenclature and
description for the theme. Therefore, this study conducted term parsing process for
the Content_title in all the documents, using terms beginning with N as filtering basis.

According to this research framework, the occurrence c(w,d) of all terms wy
contained in document d; is multiplied by the degree of discrimination in term
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identification K,; The results are used to measure the distance between the
documents for conducting clustering.
wi; = Kq; X c(w,d) (€Y)
The Ward’s method of the Hierarchical method is adopted to cluster, while the
Chebyshev distance is used to measure the distance between samples.
If the Chebyshev distance between two samples di(w;,wi,..., w:/v,) and
di(Wj,Wjz,..., wirvy) is D, the formula is defined as follows:

D =max (I wy —wjy L1 wig = Wg | oo, | Wiy — Wiy 1) 3)

To judge by the agglomerative process, it is more appropriate to divide the documents
content into Q clusters (Themes number = Q), and attribute the 7 ., initial value
ﬂgi = 1 of each documents to the number i theme cluster; the rest is

Trgi = 0, in which i#j; ZjQzl Trg,]- =1 isexpressed as follows:
{1 d € 6
0d ¢ g

The initial value of P(w / ;) is expressed as

0

g = Ji=1234 (6)

Laec; Ta,j Kaicw.d)

Po(wlg;) = A, x 7
(W| ]) ¢ Zaec; Zoyrey Taj Kaicw'.d) ™
The initial value of P(w / ;) is expressed as:
Ydec; ™d,j Ka,i c(w.d)
PO(w|6) =(1—Ag) x ——sale ety @®)

ZdECi ZWIEV ng,j Ka,i cw',d)

This study adopted the CCMM by means of the probability distribution to conduct the
term collection work, including the no. of 0 j(common theme), 0 ;i(specific
theme), and 0 s (background theme). The probability distribution for each term
collection is expressed as follows:

Q
PaWIC) = (1=28) ) {ma, (A cP(w]6) + (1= 200P(w]6, )1 + 2aPWI6R)}  (9)
-

The variable 4, was set to gather terms in the ratio or weight of 0 s, while the
variable 4. was set as the model. The A.and A, is obtained through the researchers’
past experiences in adopting the model; so the researchers themselves set the
parameters. In order to generate CCMM, the probability distribution of all the terms
was expressed by log-likelihood as follows:

m Q
logP (C) = Z Z Z {cw,d)Ky,; log { (1 —2p) Z{nd’j [A CP(W|0]-) +
j=1

i=1 decC; wev
(1 = 2c)P(w[6;,)1 + 5P (w|65)}3}
(10)
This study, based on the EM algorithm, expresses the probability function that
belongs to 0 ; (background theme) of terms contained in all documents’ content
C={d,, d,,...,d; } as follows
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R Kai X cwd)
P(w|0p) = : an
i Laec; Zw’EVKd'i x cw'.d)
The values of Az A. are to be set by the researchers themselves, and then using the

Maximum Likelihood Estimate (MLE) [1] estimation method, the best parameter
values are found for the log-likelihood

P(zy,Cow = j) = 7§D Acp™ (w]0;)+(1-Ap™ (w6 )]

wtoW=J1 = 3o 70 [Acp® (w61 )+a-20p™ (w61 )]
j'=1 "d,j J Jjhi

Acp™(wo;)
Acp™(w]6;)+@-1p™ (w6} ;)
Agp(W|65)
Q (n)

AppWI0p)+(1-AR) X5 _ . [ Acp™ (w6 1)+ (1-2cp™ (w6 ;)]

P(z4,C;,0;,w=C) =

P(Zd, Ci,W = B) =

(n+1) _ Ywea Kaicw,d) P(zq,Ciw=j)
dj 2?,=1 ZWEd K c(w,d) P(Zd,Ci,W=j’)

2?:11 ZdECi Kd,i c(w,d) [1—P(Zd,Ci,W=B) ]P(Zd,Ci,W=j)P(Zd,Ci,9j,W=C)

Z'v‘vll'zl PN Lgec; Kaicwd) [1-P(24,Ciw'=B) P(zq,Ciw'=j)P(24,C;,6 jw'=C)

PO+ (o)) =

221 Zaec; Kaicw,d) [1-P(zq,C;w=B) |P(zq,Ciw=))[1-P(24,C18jw=C)]
PN Zdeci Kgicw,d) [1-P(2q,Cuw'=B) |P(2q,Cyw' =/)[1-P(24,C1.0 jw'=C)]

12)

p@+1) (ngj’i) — S

w'=1

This study adopts K-Mean [2] to cluster all documents according to their features

n'g;ﬂ), to analyze whether or not its clustering results are corresponding to the

classification of the original documents. On implementing K-means, the k number of
data points is randomly chosen firstly to be the center of clusters. Its center of mass m;
and the total offset distance E are formulated as follows:
> %
XESI

m; = T (13)

E = Y&, Teesi lx—m; 2 (14)

In which x represents a data point, m; represents the mass center of the cluster S;,
| S; | represents the number of data points covered by cluster
The processing steps of this study shows in Figure.1

start

put:
web Browsing . e e R _— Documents set &
Log ST B Vocabulary set

+

Apply Ward's Method to Identify Thems
number & Obtain Initial themes —_— theme ber
Initial themes

P Cutput:
cross-colle ture Moael = The moasal
Parameta; mation with output:

EM Algeorithm L

Theme

ue

Apply K-mean=
to o1

Fig. 1. System Design Process
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4 Empirical Analysis

The data for this study were obtained from a domestic WAP online video website, of
which the relevant data were created by the user in the daily hits. The website usually
places the online video on the WAP page, when the user selects the online video, it
immediately links the online video to the user’s receiver to play, while the server
records the video category, the time of hits, title content, transaction amount, and
other relevant data of this transaction. This experiment collected according to the
website’s two categories of house keeper and female model all relevant data of
transactions recorded in the database when users accessed that category by clicking a
particular online video. Data used in this study were obtained from a year’s record
from January 2009 to December 2009. In the house keeper class, 848 cases of data
were recorded, and in the female model class, 352 cases were recorded. But after
exclusion of the terms without attributes of nouns, 823 cases of data were recorded in
house keeper categories with of a total of 22,355 hits, and a total of 343 cases with
6,363 hits in the female model category. A total of 1166 cases of documents
information can be expressed as C = { d;, d,,...,d;;65 }. The terms data with attributes
refers to the requirement for at least one word to be a noun, but not other terms
attributes such as verb, adjective, expletive, prepositions, and so on. The information
of documents filtered out in columns for analysis listed as follows:

1. Category: the original online video classification of documents came from the
nomenclature type such as application type / content source / user types, etc

2. Time interval (m=4):the documents for one year is to be quarterly divided into
four parts, C = C, UC-UC:UC,,

3. Content_click (K, ; ):The number of hits of document d in C, is taken as the
user’s discrimination degree of identification on terms it contained, and the
discrimination degrees of identification on all the terms the document d contains
are equal

4. Content_title: the text information for narrative online video documents is
composed of some of the terms of the collection V= { W, W,,..., W,v/}.

Totally 993 nouns were collected and the terms collection V. ={ W, W,,..., W,v/}
and | V| =993 established to conduct the following analysis of this study.

Based on Ward’s method of grouping process, the clustering results are shown in
Figure 2. It is judged more appropriate to divide the documents into 4 groups (Q=4),
and to divide the documents into Cluster 1:637documents, Cluster 2: 76 documents,
Cluster 3: 190 documents, and Cluster 4: 263 documents.

Fig. 2. Ward’s method clustering results
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The CCMM collects the terms in the way of probability distribution, including 4
sets of common theme 0;, 4 x 4 sets of specific theme 0;;, and background theme &5
The A,, A.must be set firstly, and the value of its parameters are to be set by the
researchers themselves. This study sets out the model to gather terms in#s in
proportion or weight of 4, =0.95, because Content _title of the original data are
mostly 18-25 words, the number of terms to be contained are small. The documents
will be relatively verbose or mostly noisy, so it is essential to set larger 1, value.
The model was set to gather the terms in #; in the proportion or weight of 4, with
the hope that the common theme can be more concise in order to facilitate the theme
nomenclature and description.

Table 1. The top 20 n[(;'l.ﬂ)and documents
case_id i i i P s
c_1 o o 1 (6]
C_2 o 1 o o
C_3 o o 1 (6]
C_4a4 1 o o (6]
C_5 o o 1 o
C_6 o o 0.733309 0.266691
C_7 o o 1 (6]
C_8 1 o o o
Cc_9 (o] 0.5 0.5 o
c_10 0.25 o 0.75 (6]
c_11 o o 1 o
c_12 0.480186 o 0.519814 (o]
C_13 o o 1 (6]
C_ 14 o o 1 (6]
C_15 0.333333 o 0.666667 o
Cc_16 o o 1 (6]
Cc_17 o o 1 o
C_18 0.333333 o o 0.666667
c_19 o 0.5 o 0.5
C_20 o o 0.333333 0.666667

This study adopted K-mean to cluster all documents in according with the themes

features n'g;H), to analyze whether or not the clustering results are corresponding

to the classification of the original documents. A total of 1166 documents were set
up in two clusters (K=2) to conduct the comparison with the original classification
of the documents — totally 22,355 hits in 823 documents were recorded in the house
keeper category, and totally 6,363 Hits in 343 documents in the female model
category.

Table 2. Description of the experimental documents set

Category t of tested

Total number of

Total number of Hits

documents documents
House keeper 823 22355
Female model 343 6363
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Our study adopted the measure indicators F-measure to evaluate the clustering
accuracy. F-measure is the harmonic mean for measuring the effect of the cluster.

Leerlt|XFt
Foporay = el (15)
overa ZtETltl

Foveran 18 calculated to find out the average F-measure for all categories, which is
representative of the overall clustering results and in which T stands for a collection
of all documents (house keeper and female model), and | t | of traditional clustering
method is the number of the specific category t within the cluster. | t | in this
research model is the total number of hits of the specific category within the cluster.

Table 3. Comparative description of experimental results (3)

Test Documents Set Faverair Faveren Upgrading %
(Traditional Clustering) (Our research Model)
0.577967191 0.7262462 25.6553 %
female model + house e Tl e Frede
Declining %
keeper (Traditional Clustering) (Our research Model)
0.430531732 0.299150359 30.5161 %

5 Conclusion and Future Research

The human mind is often filled with a wide range of innovative ideas while
technological advancement is one of the important influences. Therefore, as the
network technology continues to progress, the future application of audio-visual
media in the Internet is expected to be richer and more varied in form. Therefore, how
to rapidly and effectively compile information needed from the vast amount of data
remains a very important issue. In the research field of data mining, many
technologies have been developed to extract useful information from the vast amount
of data, of which the documents clustering is considered one of the important
technologies. In this study, based on the associations among the words provided in the
Internet documents, the popularity or number of hits of users’ identification of word
information and the number of Q groups of the dynamic themes were analyzed to
further provide documents clustering methods and the definitions and summary of the
dynamic themes, which shall serve as a basis for documents cluster naming and group
products or services consumers wish to find. This will in turn help the Internet
management to quickly and accurately compile documents and information in
response to consumers’ needs and preferences.

In order to effectively improve the documents clustering quality, further research
may strengthen the word association rule mining to identify co-occurring text phrases.
Through the mining sequential patterns algorithm, the phrases in the text and the
associations among the phrases have been found. The so-called “phrase” here refers to
the sequential nature of the emergence of keywords instead of general phrases
identified in grammar. The discovery of the associations among phrases is expected to
enhance the quality of documents clustering.
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Abstract. Blog is an important web2.0 application, which attracts many users to
express their subjective reviews about financial events, political events and other
objects. Usually a Blog page includes more than one theme. However the exist-
ing researches of multi-aspect sentiment analysis focus on the product reviews.
In this paper, we propose a multi-aspect Chinese Blog sentiment analysis method
based on LDA topic model and Hownet lexicon. At first, we use a Chinese Blog
corpus to train a LDA topic model and identify the themes of this corpus. Then
the LDA model which has been trained is used to segment the themes of Blog
pages with paragraphs. After that the sentiment word tagging method based on
Hownet is used to calculate the sentiment orientation of every Blog theme. So the
sentiment orientation of the Blog pages can be represented by the sentiment
orientation of multi-aspect Blog themes. The experiment results on SINA Blog
dataset show our method not only gets good topic segments, but also improves
the sentiment classification performance.

Keywords: Sentiment analysis, LDA topic model, Hownet lexicon.

1 Introduction

In recent years, there have been many interests in sentiment analysis research on text
reviews. The existing sentiment analysis methods usually can be divided into two
categories: (1) One type is based on part-of-speech (POS) tagging of words and sen-
timent lexicons. This type is proposed earliest by Peter [1] , and both Linhong Xu[2]
and Weifu Du[3] also adopted this type methods for the sentiment analysis. Qun Liu[4]
proposes establishing a believable vocabulary on semantic knowledge named Hownet,
and then getting the sentiment polarity of words through comparison with the similarity
between the words. Yanlan Zhu [5] succeeds in judging semantic orientation based on
the Hownet. (2) The other type is based on machine learning. Such as Whitelaw uses
support vector machine (SVM) to classify the sentiment orientation of movie re-
views[6]. Weihao Lin proposes a learning method based on statistical model, which
obtained that opinions reflected in the text through analyzing words[7]. Other machine
learning methods also be used, such as Huifeng Tang adopts the SVM classification

* This work is supported by National Natural Science Foundation of China (60903114, 61003271,
61001185), Natural Science Foundation of Guangdong Province (7301329), Science and Tech-
nology Foundation of Shenzhen City (JC201005280463A).

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 131-[13§, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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method [8], Xiangwen Liao makes use of the probability statistical model[9], Jun Xu
uses the Naive Bayesian(NB) and maximum entropy[10].

With the development of the web2.0 technology, more and more popular users are
willing to express their opinions on Blog. But few researchers pay attention to the
sentiment analysis on multi-aspect Blog topic (topic also is called theme in this paper).
In this paper, we propose a multi-aspect Blog sentiment analysis method based on the
LDA topic model and the Hownet lexicon.

2 The Process of Multi-aspect Blog Sentiment Analysis

The process of multi-aspect Blog sentiment analysis is shown in Fig.1. At first we train
LDA model with the Blog corpora and obtain some theme models. Then Kull-
back-Leibler (KL) divergence is used to calculate the similarity between the text pa-
ragraphs and theme models in order to determining the paragraph’s theme. After that
we find out the sentiment sentence in this Blog theme. Finally use the sentiment words
tagging method to calculate the sentiment orientation of the sentences in each theme,
and summarize the sentiment orientation of the Blog theme.

' ' Topic text
Blog - dlver&ence

Reducing Chinses
dimension ]h( Word O

algorithm Segmentation

Triples model h Feature word
lex1c0n

THEME The sentiment

LDA model q orientation of
[ ] Model sub-topic

Fig. 1. The process of multi-aspect Blog sentiment analysis

)

The collection of The lexicon with
sentence in sub- sentiment
topic orientation

3 Identify Blog Topic Based on LDA Model

3.1 Latent Dirichlet Allocation Model

Latent Dirichlet Allocation (LDA) [11] is a generative probabilistic model for the
collections of discrete data, which is a three-level hierarchical Bayesian model. LDA
based on the assumption that documents are mixtures of topics, where each topic is a
probability distribution over words. The LDA’s probabilistic graphical model is shown
in Fig. 2.
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Q)
OFOTO—®

o

M

Fig. 2. The LDA’s probabilistic graphic model
Let M is the total number of topics, N is the number of features words, £ de-
notes a M X N matrix, and « is the super-parameter of prior distribution. w, de-
notes the feature word w which locates in the nth position of the document d . The topic
is a distribution over words denoted by z, :{wdl,wdz,...,wdn} , Ba subjects the

Dirichlet distribution Dirichlet(64 | «r) . LDA model assumes the following generative
process for each document w :

(1) Choose N ~ Poisson(&) .
(2) Choose 8 ~ Dir() .
(3) For each of the N wordsd :
a) Choose a topic zn ~ Multinomail () .
b) Choose a word wx from P(wn | zn, ) , @ multinomial probability conditioned

on the topic z,, .

3.2 Identify Topic Based on KL-Divergence

Kullback-Leibler (KL) divergence is a measure of the difference between the distri-
butions P and Q. Usually P denotes the distribution of observed data, Q denotes a

model or an assumed distribution. For the discrete distributions, the KL-divergence
between P and Q is defined as Equation (1).

Dy (PIIQ)=3"" PlogP/Q, M

We compute the distance between themes, and the distance between theme and Blog
sentences using KL-divergence. In the trained LDA model, each theme can be
represented by the weights of the feature words. The theme is denoted

by Theme, = (W,;,W,,,...,w,,) . With the vector space model, a collection of Blog text
sentences can be denoted as p, =(@,,,®,,,...,®,,) . According to Equation (1), the
KL-divergence between p,. and Theme, can be computed with Equation (2).

Dy, (P Theme,)=Y"" @, logw, /w, )

=1 i
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Because the KL-divergence is non-symmetry, we use Equation (3) to compute the
distance in our experiments.

D, (P.,Theme,) = (D, (P. I Theme,) + D, (Theme, || P.))/2 3)

4 Sentiment Calculation Based on Hownet Lexicon

The sentiment orientation of Blog themes is based on the sentiment words tagging
method. At first some sentiment words with positive and negative polarities are se-
lected as sentiment benchmark words, then the sentiment polarity of other sentiment
words are calculated based on the relationship between words in Hownet lexicon, and
then the sentiment orientation of a given sentence is determined by judging the senti-
ment orientation of the individual word or phrase in the sentiment sentence, finally the
sentiment orientation of the paragraphs or article are calculated through the sentiment

orientation of these sentences.

4.1 Introduction to Hownet Lexicon

Hownet is a concept of Chinese and English words represented as describing objects,
which is a general knowledge base to reveal inter-concept relations and relations be-
tween the attributes of concepts. Hownet uses a series of sememes to represent every
concept. Sememes are organized into a tree structure through contextual relationship.
In Hownet the vocabulary similarity is calculated by the similarity between the re-
spective concepts of vocabularies, and the similarity between the concepts is defined by
the similarity between sememes. The similarity between sememes can be calculated by
the distance between two sememes in the sememe tree.

For two Chinese words W1 and W2 , if Wi with n concepts denotes
by {S“, Sipsees Sln} , W2 with m concepts denotes by {S,,,S,,,...,S,, }, the

similarity between W1 and W2 equal to each word concept similarity of the maxi-
mum value, as shown in Equation (4).

Sim (W, W, ) = max Sim (S,,.5,,)  i=12an j=12..m “@)
L]

The similarity between sememes can be calculated by their path distance p, and p,

in the sememe tree. So the sememe similarity is calculated with Equation (5).
. a
Stm(pl,pz)z— (5)
I+o

Where [ is a positive integer which denotes the path length of p, and p, in se-
memes tree, ¢ denotes an adjustable parameter.

4.2 Calculation Method for the Sentiment Polarity of Sentiment Word

First, we choose m pairs of words with strong positive and negative polarity as the
benchmark words [5], in which the polarity of the positive word is set as +1 and the
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negative is set -1. The sentiment polarity of each sentiment word is calculated by the
similarity between each benchmark word and sentiment word in Hownet. The senti-
ment polarity of words W is shown as Equation (6). If O(W) >0, that means the

sentiment polarity of W is positive. If O(W) < 0, that means the sentiment polarity
of W isnegative, and O(W) =0, that is the sentiment polarity of W is neutral.

OW) = 3 (Sim(kp,, W) - Sim(kq,, W) 6)

i=1

Where kpi denotes the polarity value of benchmark words with +1, kg, denotes the
polarity value of benchmark words with—1, m indicates that there is m pair of
benchmark words, Sim(kp;,W) is equivalent to Equation (4).

We find that if the word is a positive word, the greatest similarity with the word will
be get form the benchmark words with+1, and if the word is negative word, the
greatest similarity with the word will be get from the benchmark words with—1 . Based
on this idea, we improve Equation (6) to Equation (7).

1 1 m
OW) =~ (— (X (Sim(kp,,W) — Sim(kg,,W)))
3 m =l (7

+ MAX(Sim(kpj ,W)) - MAX (Sim(kqj W)

Where j=1,2,....,m , MAX(Sim(kp j,W)) indicates the maximum similarity value
between the sentiment word W with the positive benchmark words,
MAX (Sim(kq j,W)) indicates the maximum similarity value between the sentiment

word W with the negative benchmark words. We use the maximum similarity to
improve the sentiment polarity of the sentiment word.

S Experiments and Evaluation

Because there are not authoritative datasets, the web crawler software MetaSeeker Uis
used to grabs Blog pages from the SINA Blog. We get a dataset with 2000 SINA Blog
texts about “real-name system of train tickets (‘K Z=ZE5Z44%])”. These Blog page
content includes the title, label, Blog text and comments. In our experiments, three
persons are invited to label the sentiment orientation of the Blog text, which is tagged as
positive or negative or neutral. We compare the maximum accuracy value of different
methods in our experiments.

5.1 The Sentiment Orientation over the Blog Article Level

We judge the sentiment orientation O(Doc) of the whole Blog text in this experiment

at first. O(Doc) is a specific values between—1 and+1. In the experiment, we set a

! http://www.gooseeker.com/cn/node/product/front
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threshold value k. If-1<0O(Doc) < —k, the blog text is classified to negative, else
if —k < O(Doc) < k, the blog text is classified to neutral, else if k < O(Doc) <+1, the

blog text is classified to positive. The results of the sentiment classification accuracy
with different k are shown in Table 1.

Table 1. Different threshold k sentiment orientation of blog text accuracy

The value of k 0.005 0.01 0.015| 0.02 0.025
accuracy (%) 54.33 65.96 7328 70.03] 64.54

From Table 1, we can see that the maximum accuracy is only 73.28%. This result is
not enough high. The reason may be that to determine the sentiment orientation of the
blog text in document level is “too big”. So we compute the sentiment orientation of
multi-aspect blog themes in the next experiments.

5.2 The Sentiment Orientation over Multi-aspect Blog Themes

In this experiment we use LDA model to find Blog themes, and then use KL-divergence
to calculate the distance between the Blog themes. The value of M is set as 6. We can
roughly summarize the semantic of each theme through analyzing the Blog text. All the
themes respectively denote as Themel to Theme6. Themel can be summed up as “the
cost of the real-name system of train tickets(/K ZESE4 5% A AY)”, Theme?2 is “the
real-name system of train tickets will lead to information loss(‘/K ZE SIS BUE EE
2)”, Theme3 is “the real-name system of train tickets will combat scalpers(‘X ZE5244
HFTdiE4~%)”, Theme4 is “the experiments of the real-name system of train tickets
CKZESZHR A)”, and Theme5 is summarized as “the certificates required to buy
tickets and get into train station in the real-name system of train tickets(’k Z=5C 44 i1/
Uk ~ SCEEFREEEESE()”. In order to improve the identification accuracy, we also add a
Theme6 for other themes which is not included in above five themes.

We used respectively sentence, paragraph and dynamic sliding window to calculate
the distance between test text and each theme. The experiment result shows that
the accuracy of the first method and the third method are less than 50% , the accuracy of
the method for using paragraph can achieve 72.9% . Hence, we use the paragraph as the
basic unit to split Blog text in experiment.

To better identify Blog themes based on paragraphs, we set the thresholds ¢ and
0of D, which shown in Equation (8). If both Equation (8) and D,,, <@ are sa-

tisfied, the tested paragraph will be classified into the theme pointed by D,, , .
(DKLI _DKLZ)/DKLI e (3

Where D,,, indicates the distance of the theme which is in the nearest the paragraph,
D,,, denotes the distance of the theme which is in the second near the paragraph. The
experiment results show that when the value of £ equals to0.2and 6 equals to0.05,
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the accuracy achieves 91.2254%. Table 2 shows the theme identification results. The
number of paragraphs which are identified correctly is 1809.

Table 2. Theme identification results in LDA model

Themes Themel | Theme2 | Theme3 | Theme4 | Theme5 | Theme6

The number of paragraphs
with theme labels

The number of Paragraphs
identified correctly

213 365 670 408 327 625

201 316 621 399 272 126

With the 1809 paragraphs, we determine their sentiment orientation with Hownet
lexicon. All the sentiment orientation of the 1809 paragraphs is labeled beforehand.
The number of positive paragraphs is 593, the number of negative paragraphs is 789,
and the number of neutral paragraphs is 427. The experiment results show that the
sentiment orientation of 1613 paragraphs is identified correctly. The identification
accuracy is 89.165%. The identification accuracy of each theme is list in Table 3.

Table 3. Sentiment analysis results of various Theme

Themes Themel | Theme2 Theme3 | Theme4 | Theme5
The number of paragraphs in each
theme 201 316 621 399 272
The number of paragraphs
identified correctly 179 287 563 326 258
Identification accuracy(%) 89.05 90.82 90.66 81.70 94.85

6 Conclusions

This paper proposes a multi-aspect Blog sentiment analysis based on LDA topic model and
Hownet lexicon. This method adopts trained LDA model to split the Blog page text into
multi-aspect themes. After that the sentiment word tagging method based on Hownet is
used to calculate the sentiment orientation of every Blog theme. So the sentiment
orientation of the Blog pages can be represented by the sentiment orientation of mul-
ti-aspect Blog themes. The experiment results on SINA Blog dataset show our method
can get good topic segments and the sentiment classification performance.
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Abstract. As a high dimensional problem, it is a hard task to analyze the text
data sets, where many weakly relevant but redundant features hurt generalization
performance of classifiers. There are previous works to handle this problem by
using pair-wise feature similarities, which do not consider discriminative con-
tribution of each feature by utilizing the label information. Here we define an
Approximate Markov Blanket (AMB) based on the metric of DIScriminative
Contribution (DISC) to eliminate redundant features and propose the AMB-DISC
algorithm. Experimental results on the data set of Reuter-21578 show AMB-
DISC is much better than the previous state-of-arts feature selection algorithms
considering feature redundancy in terms of Micro,,,F1 and Macro,,,,F1.

1 Introduction

Feature selection, a process of choosing a subset of features from the original ones, is
frequently used as a preprocessing technique in text mining. It has been proved effective
in reducing dimensionality, improving mining efficiency, increasing mining accuracy,
and enhancing result comprehensibility [[1-3]. However, redundant features can not be
completely eliminated by commonly used feature selection algorithms. For instance, as
to analysis of text data sets, whose speciality is the huge amount of words (features),
it is believed that there are many weakly relevant but redundant words among the full
word set. Preserving the most discriminative words and reducing other irrelevant and
redundant ones is the target of feature selection. However, because the interactions and
correlations among features are not considered, common feature selection algorithms
fail to remove redundant words.

The issue of redundancy among features is recently raised in the literatures of feature
selection [4,3]. Researchers have proposed several algorithms to reduce the redundancy
among features. Ding and Peng proposed the minimum Redundancy-Maximum Rele-
vance (MRMR) algorithm [5], which requires that selected discriminative features are
maximally dissimilar to each other. Yu and Liu proposed the Fast Correlation-Based
Filter (FCBF) algorithm [4], which eliminates redundant features by iterative selecting
predominant features from relevant ones.

However, all these algorithms estimated the pair-wise redundancy among features
by using normal feature distance (similarity) measures, which could not work prop-
erly. Because without consideration of the label information, the pair-wise redundancy
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scores solely calculated by the given two features do not faithfully reflect the similar-
ity of their discriminative abilities. For example, two highly correlated features, whose
differences are minor but happen to own different critical discriminative ability, may
be considered as a pair of redundant features by the previous commonly used metrics.
Hence, reducing any one of them will decrease the final classification accuracy. Zeng
el al. proposed a novel metric of redundancy based on DIScriminative Contribution
(DISC) which estimates the feature similarity by explicitly building a linear classifier
on each feature [6]. Based on DISC, we define an Approximate Markov blanket (AMB)
for the searching of redundant features, and propose an algorithm named AMB-DISC,
which produces a compact feature set with high performance. We compare AMB-DISC
with other redundant feature selection algorithms on the data set of Reuter-21578, and
demonstrate its the outstanding performance.

This paper is organized as follows. Section [2l describes the metric of discriminative
contribution. In Section 3] our proposed algorithm is presented in detail. Data sets and
experiment settings are described in Section 4l We show the results and discussions in
Section[3 Finally, conclusions are given in Section [6]

2 The Metric of Discriminative Contribution

Notions of feature redundancy are normally in terms of feature correlation. It is widely
accepted that two features are redundant to each other if their values are completely cor-
related. But in fact, it may not be so straightforward to determine feature redundancy
when a feature is correlated with a set of features. A widely used way is approximate
the redundancy of feature set by only considering the pair-wise feature redundancy,
i e the algorithms we mentioned above. The success of these algorithms relies much
on the effectiveness of pair-wise similarity measures. However, exist pair-wise simi-
larity measures do not faithfully reflect the similarity of their discriminative abilities.
For example, two highly correlated features, whose differences are minor but happen to
causing different critical discriminative power, maybe be considered as a pair of redun-
dancy features. Reducing any one of them will decrease the classification accuracy.

One possible way of identifying the redundancy between feature’s predictive ablil-
ties is comparing the distributions of discriminative powers between them. Zeng et al.
proposed a metric of redundancy based on DIScriminative Contribution (DISC)[6]. Af-
ter building classifier on each sole feature, DISC refeeding the whole training samples
back to estimate the performance of each classifier. A high self-training accuracy score
means the corresponding feature has great discriminative power. In most cases, only a
part of the training samples can be correctly separated by this classifier, because only
one feature is used. Based on these classifiers, the difference of classification distribu-
tion is used to estimate the discriminative contribution. Given two features x and y, two
classifiers classifer, and classifer, are constructed. The differences of the correctly
classified training samples of classifer, and classifer, are recorded in Table [Tl

In order to eliminate redundant features, we want to examine whether the contribu-
tion of the additional feature is significant to the given one. The additional feature is
considered as redundant one only when its contribution is tiny. Based on the pair-wise



Redundant Feature Elimination by Using AMB Based on DISC 141

Table 1. Discriminative Cross Table

classifer,
. Jery true false
classifer,
true a b
false c d

discriminative contribution, the DIScriminative Contribution (DISC) value of x to y,
which represents the y’s redundancy to x, is defined as follows.

DISC(x,y) = d (1

+d
where ¢ + d is the samples which could not be discriminated by classifer,, d is the
samples which could not be rightly classified even by the collaboration of classifer,
and classifer,. So the proportion of cfd is the useless extent of classifer, to classifer.

The DISC score varies from 0 to 1, and takes 1 only when c is 0. The value of ¢ takes
0 when all the discriminative power of classifer, is coved by classifer, and classifer,
has no discriminative contribution to classifer,. In this case, y is considered completely
redundant to x. On the other hand, when the DISC value is 0, both a and d are 0, the
discriminative power of y is supposed complementary to that of x. The computation
complexity of DISC is O(n).

3 The AMB-DISC Algorithm

It is not so straightforward to determine feature redundancy when a feature is correlated
with a set of features. We need formally define feature redundancy in order to devise an
approach to explicitly identify and eliminate redundant features. We first introduce the
definition of a feature’s Markov blanket given by Koller and Sahami [7].

Definition 1. Given a feature set F, a label C, and a feature F; € F, let M; € F(F; ¢
M;), M; is said to be a Markov blanket for F; iff

P(F M; F,CIF,M)=PF M; F;,CM)

The Markov blanket condition requires that M; subsume not only the information that
F; has about C, but also about all of the other features. It is pointed out by Koller and
Sahami [7] that the optimal subset is obtained by a backward elimination procedure,
known as Markov blanket filtering: let G be the current set of features (G = F in the
beginning), at any phase, if there exists a Markov blanket for F; within the current G,
F; is removed from G. It is proved that this process guarantees a feature removed in
an earlier phase will still find a Markov blanket in any later phase, that is, removing a
feature in a later phase will not render the previously removed features necessary to be
included in the optimal subset. Then definition of redundant feature is given:

Definition 2. Let G be the current set of features, a feature is redundant and hence
should be removed from G iff it is weakly relevant and has a Markov blanket M;
within G.
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The definition of redundant features relies on the computation of Markov blanket, which
is hard to be solved in real problem. In practical, when it comes to approximately de-
termine feature redundancy, the key is to find approximate Markov blankets for the
selected relevant features. Similar as what has been done in the FCBF algorithm [4], we
define a novel approximate Markov blanket based on the discriminative contribution of
feature. The definition is given as follows

Definition 3. For two features F; and F; (i # j), F; forms an approximate Markov
balnket for F; iff CHI; > CHI; and DIS C(j,i) > 6

In definition Bl CHI; is the correlation between any feature F; and the class C, and
it is believed that a feature with a larger CHI value contains more information about
the class than a feature with a smaller CHI value. The definition of CHI; is given as
follows.

nX(AD BC)?

CHI; = (A+C)X(B+ D)X (A+B)x(C+D)

where A and B are the non-zero value counts of F; for positive and negative examples
respectively, C and D are the zero value counts for positive and negative examples
respectively, and n is the size of training set.

We determine the existence of an approximate Markov blanket between a pair of
features F; and F; based on their DISC value. When DIS C(j,i) > ¢, we believe F;’s
discriminative contribution for F; is tiny. In other words, feature F; can form an ap-
proximate Markov blanket for feature F;. ¢ is a threshold given by users.

The approximation algorithm for redundancy analysis presented above is realized
by an algorithm, named AMB-DISC (Approximate Markov Blanket based on DISC),
which is illustrated in Figure[]l Firstly, the features are ordered by their CHI scores. As
we usually want to retain the more discriminative one between two redundant features,
AMB-DISC tries to preserve the top CHI score ranked features. Then, AMB-DISC
uses two nested iterations to eliminate redundant features whose discriminative abilities
are approximate Markov blanket covered by a higher ranked features. As the inner
iteration works in a backward way, it is guaranteed that each removed feature can find
an approximate Markov blanket cover in the final selected feature set.

The computational complexity of AMB-DISC is O(npk), where k is number of se-
lected features. When k is much smalller than p, the computational complexity of AMB-
DISC is O(np), which is the same as that of commonly used filter algorithms. As we
konw, in many large data sets, discriminative features with high CHI scores are always
rarely compared with other ones. Most redundant or weakly redundant features are eas-
ily to be approximate Markov blanket covered by few high discriminative features. So,
the size of final compact feature set produced by AMB-DISC is much smaller than that
of original feature set in most cases, which are examined in our experiments later.

4 Experimental Settings

The Reuters-21578 collection is used in our experiments, which is divided into a train-
ing set and a test set by the ModApte split as in the previous studies [8]. By removing
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Algorithm 1. The AMB-DISC Algorithm

Input: Feature set X = [x;,x2, ,x,]
Target label C
Threshold 6

Output: Selected Feature subset S

: begin

: S'eX

: for i=1top do

calculate CHI; for X;

: end for

: order S’ in descending CH]I; value
: for j =1 to the size of S’ do

for i =the size of S” to j + 1 do
9: if DISC(S,S}) > ¢ then

10: remove feature i from S’
11: end if

12:  end for

13: end for

14: S & 8’

15: end

.O.O\IQ\UI:I.BQJNH

some corrupted documents, we obtain 7,770 training documents and 3,019 test docu-
ments, which is the same with the data preprocess in some related works [, 9]. There
are 90 different categories. We preprocess the data in a formal way: all numbers and
stopwords are removed, words are converted into lowercase, word stemming is per-
formed using the Porter stemmer, some noisy words are removed. In the end, we obtain
6,883 unique terms.

The multi-label classification problem here is solved by training 90 binary classifiers
for each class. The feature selection model is built and applied for each classifier sep-
arated. To make the conclusions sound, five widely used classification algorithms are
employed in our experiments, which are list as follows.

— 5NN £ nearest neighbor with k = 5.

C45 The C4.5 decision tree.

— LG Logistic regression.

SMO Support vector machines using Sequential Minimal Optimization.
— SVM Linear support vector machine with ¢ = 10.

For the evaluation, we use the standard Macro,,¢F1 and Micro,,gF1 measure [8]. Macrog, F1
measure gives the same weight to all categories, and thus it is equally influenced by the
performance of rare categories. On the contrary, Micro,,,F1 measure is dominated by

the performance of common categories. All the experiments are performed on a PC ma-
chine with P4 2.0G CPU and 2G RAM. The programming language is JAVA, the open
source machine learning project of WEKA [10] is used.
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5 Results and Discussions

We compare our algorithm with several typical feature selection algorithms, which are
list as follows.

— CHI Commonly used filter feature selection algorithm with CHI values. Some top
scored features are retained for each separate classifer. The number of selected
feature has been tried for 10, 20, 50, 100, 150, 200, 300, 400 and 500. We found
500 is the best one, which is also used to compare with other algorithms.

— CFS [11] The Correlation-based Feature Selection (CFS) algorithm exploits best-
first search based on some correlation measure which evaluates the goodness of a
subset. The standard linear correlation is used in our experiments.

— mRMR [§] The minimum Redundancy-Maximum Relevance (mRMR) algorithm
requires that selected discriminative features are maximally dissimilar to each other.
The maximal number of selected feature is a parameter, which has been tried for
10, 20, 50, 80 and 100 in our experiments. The best result of mRMR is got when
80 features are selected.

— FCBF [4] The Fast Correlation-Based Filter (FCBF) algorithm, which eliminates

redundant features by iterative selecting predominant features from relevant ones.

AMB-DISC Our proposed algorithm eliminates redundant features by approximate

Markov blanket and discriminative contribution between features. The parameter of

¢ is set to 0.95.

Comparative results of the size of the selected feautre set is given in Tables Pl where
Dim.+std is the statistical mean feature number with its standard deviation over 90
classes. The comparative Microg, F1 and Macro,,,F1 results are showed in Tables[Bland
Tables [ respectively. The last row is the average scores over five different classifiers.

Table 2. The number of selected features by using different algorithms

CHI CFS mRMR FCBF AMB-DISC
Dim. 500.00 18.11+9.22 61.69+30.39 62.63+138.29 85.90+23.57

It can be seen from Table [2| that the numbers of selected features by using CFS,
mRMR, FCBF and AMB-DISC are both much smaller than that of CHI, which indi-
cating redundant features can not be excluded by filter algorithms without considering
redundancy. It is necessary to do redundancy analysis to get an optimal or sub-optimal
compact feature set.

From Table B4 we can see that no feature selection algorithm has overwhelming
performance with all classifiers. In average, AMB-DISC is the best one. Especially for
the Micro,,,,F1 scores, the averaged score of AMB-DISC is much better than that of
all other algorithms. Furthermore, AMB-DISC always has the top performance with all
classifiers. For the averaged Macro,,,F1 scores, AMB-DISC is also the winner. But the
improvement is not so significant, and AMB-DISC is worse than CHI in some cases
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Table 3. Comparative results of Micro,,,F1 by using different algorithms

CHI CFS mRMR FCBF AMB-DISC

5NN 0.683 0.798 0.798 0.774  0.838
C45 0.807 0.799 0.806 0.784  0.807
LG 0.838 0.814 0.827 0.779  0.865
SMO 0.861 0.812 0.822 0.780  0.867
SVM 0.854 0.825 0.836 0.795  0.866

AVG. 0.808 0.809 0.818 0.782  0.849

Table 4. Comparative results of Macro,,,F1 by using different algorithms

CHI CFS mRMR FCBF AMB-DISC

5NN 0.285 0.376 0.356 0.342  0.516
C45 0.452 0.436 0.446 0.405 0422
LG 0.4520.451 0.401 0425 0.543
SMO 0.555 0.364 0.352 0.360  0.488
SVM 0.590 0.501 0.471 0.452  0.603

AVG. 0.467 0.425 0.405 0397 0.514

i e with the classifiers of SNN and SMO. This shows that removing redundant features
by discriminative contribution has obvious postive effects on classification. The en-
hancements are more significant for common classes than rare classes. We believe this
is because identifing redundant features needs adequate label information, and feature
selection is easy to be trapped by noises when positive examples are rare.

The previous state-of-arts feature algorithms considering redundancy, including CFS,
mRMR and FCBF, are both not better than the filter algorithm of CHI. For the averaged
Microg,gF1 scores, the performances of CFS, mRMR and FCBF are similar with that of
CHLI, although the corresponding feature numbers are much less. But for the Macro,,,F1
scores, CFS, mRMR and FCBF are obviously worse than CHI, which representing
some useful features are mistakenly treated as redundant ones for rare classes. This
also confirms that identifing redundant features needs adequate label information. By
inadequate redundany meatures, removing redundant features obviously decreases the
classification performance. When classification is the final task, we believe redundancy
among features should be measured by the difference among discriminative powers of
features not the numerical values.

6 Conclusions

Redundant feature elimination is an important topic in the field of feature selection for
text mining. However, the measurement of feature redundancy is still an open problem.
Existing feature selection algorithms usually employ pair-wise feature similarity to rep-
resent feature redundancy. However, state-of-arts similarity measures including linear
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and non-linear ones calculate the redundancy only by the feature’s numerical values
without considering the label information, which is vital to the classification, while not
used to estimate the discriminative contribution of the differences of features. Here we
define an approximate Markov blanket (AMB) based on the metric of DIScriminative
Contribution (DISC) for the searching of redundant features, and propose an algorithm
AMB-DISC. Experimental results on the data set of Reuter-21578 show AMB-DISC
produces much more compact feature set than commonly used filter algorithms, and
show obviously better performance than other state-of-arts feature selection algorithms
considering redundancy, i e CFS, mRMR and FCBF.
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Abstract. This paper studies synchronization between hyperchaotic Rossler
system and hyperchaotic Lorenz system with unknown parameters. Based on
Lyapunov stability theory, active synchronization and adaptive synchronization
make the different systems achieve synchronization. And numerical simulations
show the effectiveness and feasibility of these methods.

Keywords: hyperchaotic system, active synchronization, adaptive synchronization,
Lyapunov stability theory component.

1 Introduction

In the last few years, chaos synchronization has received a lot of attention among
scientists from variety of research field. The first idea of synchronizing two identical
chaotic systems with different initial conditions was introduced by Pecora and
Carrols[1]. Recently, many control methods have been developed to achieve chaos
synchronization in two chaotic systems, such as adaptive control[2-4], linear balanced
feedback control[5], impulsive control[6, 7], sliding mode control[8], fuzzy
control[9], backstepping control[10], and so on. The aforementioned methods and
some other existing synchronization methods mainly concerned the synchronization
of two identical chaotic systems with known parameters or unknown parameters.
However, it is hardly the case that a lot of hyperchaotic systems exist in real world,
moreover, the system’s parameters are not exactly known in priori. Therefore,
synchronization between two different unknown hyperchaotic systems is more useful
in real-life application.

In this paper, we propose a simple and general approach to synchronization
hyperchaotic Rossler system and hyperchaotic Lorenz system with unknown
parameters. Based on Lyapunov stability theory, active synchronization and adaptive
synchronization make the different systems acheive synchronization. Simulation
results show that the proposed method can be successfully used in synchronization of
chaotic systems.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 147-]153, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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2 Active Synchronization between Hyperchaotic Rossler System
and Hyperchaotic Lorenz System

For acheive synchronization between hyperchaotic Rossler system and hyperchaotic
Lorenz system, we consider hyperchaotic Rossler system as the drive system

X, ==X, — X,
X, =X, tax, +Xx,
. ey
X, =b+xx,
X, =—cx; +dx,
and hyperchaotic Lorenz system as the response system
yi=a,(y, —y)+u,
Vo =by tey, = yiysty, tu, @)
Vi =—=dy; +yy, tiy
Yo =—hy tu,
where U, ,u,.U,,u,are controllers. We get the error system
€ =a,y, =@y, + X, + X3 +u,
e =y 0y, = Y3t Y, — X —ax, =X, +u, 3)

e;=—dy,+y,y, —b—xx; +u,

e, =—ny +cx, —dx, +u,

where ¢. =y —x,. The controllers were designed for synchronization drive system
1 yl 1

and response system, it is designed as

u, =ax,—(a, +Dx, —x; +V,
u,=ye —e,—(b—Dx —(c,—a)x, +yx; +V, @
u, ==ye, +(d+x)x;,—yx, +b+V,

u, =nx,—cx; +dx, +V,

where V|,V,,V,are the control input based on functions e, ,e,,e,. Substituting Eq.

(4) into Eq. (3), then we have a new error system
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e, =—ae t+ae, +V,

é, =be +ce,+e,+V,

. )
é, =—de, +V,

e, =—re +V,

So the error system(3) is replaced by a linear syetem(5), where V,,V,,V, are the

control input based on functions e, e,, e,. The drive syetem(1) and response

system(2) are said to be synchronized, if the trivial solution of error system trajectory
is asymptotically stable in mean square, in the sense that

lime, (1) =lim|y, (t) - x,(1)| =0

For V,,V,,V, have some choose, thus, we may denote

Vi €
v, _4A e,
v, €
V, e,

where A is a constant matrix. For the error system(5) is asymptotically stable in

mean square, we select A ’s elements such as all eigenvalue of system(5) has
negative part. For convenience, we choose

a-1 0 0 0
b, —¢,-1 0 1
A=
0 0 d-1 0
n 0 0 -1

In this case, the error system(5)’s eigenvalue is —1,—1,—1,—1, the error e, converges

to 0 as time t approaches infinity. Therefore, hyperchaotic Rossler system and
hyperchaotic Lorenz system acheive active synchronization.

3 Adaptive Synchronization between Hyperchaotic Rossler
System and Hyperchaotic Lorenz System

3.1 The First Method

In this section, in oder to realize the synchronization between the drive system(1) and
the response system(2), we will choose a general and suitable synchronization
controller, and then develop theoretical results of the adaptive synchron-ization
scheme.
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Theorem 1. If the nonlinear controller # is designed as

u, =ax, —(a,+1)x, —x,—be, +rne,
u, =ye,—(b—Dx —(c,—a)x, + yx;—ae ©
u; =—ye, +(d+x)x;—yx,+b

u, =nx,—cx, +dx, +ke, —e,

the adaptive laws of parameters are taken as ff = ke, (wherekis a constant ), then

the response system(2) can synchronize the drive system(l) asymptotically, where
parameters are all unknown.
Proof. Substituting Eq. (6) into Eq. (3), then we get the error system

e, =—ae +ae,—be,+rne,
e,=be +ce,+e, —ae

é, =—de,

e, =—re +ke,—e,

Define a Lyapunov function as
1
V(t)=5(612+e22+e32+ef) @)

Differentiating both sides of Eq. (7) yields:
V(t)=e,(—ae, +ae, —be, +re,)+
e,(be +ce, +e, —ae)+e(—de)+ e,(—re +ke,—e,)
2 2 2 2
=—ae +ce, —de; +ke, <0
Here it is assumed that a, >0,c, <0, d >0,k <0, then differential quotient

V(t) < 0. Based on Lyapunov stability theory, the error trajectories converge to zero.

So under the nonlinear controller # and adaptive laws of parameters, the response
system (2) can synchronize the drive system (1).

3.2 The Second Method
Theorem 2. If the nonlinear controller u is designed as

U =—a,y, +a,y, — x, —x;— ke,
U, ==by, = ¢y, + y,y; =y, +x, +ax, + x, —k,e, ®
uy=dy,—y,y, +b+xx,— ke,

uy =1y, —Cx; +dx, —k,e,
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the adaptive laws of parameters are taken as

&lzel(yz_yl) ;i:—yle4
l;l = Y6 ClA =—X56,
él =06 é= X34

dAl =—Y36; dA =—Xu€,

then the response system(2) can synchronize the drive system (1) asymptotically,
where parameters k, k,, k,, k, are positive and unknown, and 4,,b,,¢,,---,¢,d is the

estimator of a,,b,,c,,"--,c,d .
Proof. Substituting Eq. (8) into Eq. (3), then we get the error system

& =ay, —ayy, —ke
é, =by, +¢,y, —ax, —k,e,
éy = —d,y; —kse,
é, =—ny +Cx;—dx,—ke,
let a,=a,—a,, b=b-b, ¢,=¢,—¢, ...¢d=c—=¢> d=d—d - Construct
the following Lyapunov function
1 sy e~
V=—(el+el+el+el+ad +b’ +& +d +7 +a*+¢*+d?)
2
The stochastic derivative of V' along trajectories of (9) can be obtained as follows
V =eé +e,6,+eés+eé,+dd +bb +¢¢ +dd +FF +aa+cc+dd
2 2 2 2
= -k —k,e; —kie; —k,e,

So differential quotient V(t) <0, the response system(2) can synchronize the drive

system(1).
Equations should be punctuated in the same way as ordinary text but with a small
space before the end punctuation mark.

4 Numerical Simulation

In this section, numerical simulations show the effectlve-ness and feasibility of these
methods. The hyperchaotic Rossler system and hyperchaotic Lorenz system take the

parameters a=0.25, b=3, ¢=0.5, d=0.05, ¢, =35, b =7, ¢,=12, d, =3,
1, =5. When t=10, e(0) =[-5,4,-7,2,], e(0)=[-8,4,1.2], e(0)=[2,0,,-3], it is
observed that the error trajectories converge to zero.
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Fig. 3. The synchronization errors with adaptive method (2)
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Abstract. It is of great significance that summarizing the regular pattern of the
user along the URL to find and browse the Web, mining user browsing patterns
to help users reach the target page quickly for realizing the personalized
navigation of search engine. In order to provide personalized service, an
optimized matrix clustering algorithm is proposed, which can cluster the page
users access, analysis and study the laws in the Web log records to improve
performance and organizational structure of Web site according to browsing
patterns of user accessing to Web, understand the user behavior, find user
browsing patterns. The Experiment results shows that the algorithm has good
practicability with accurately reflecting the Web visits.

Keywords: User Access Pattern, Web Mining, User Access Matrix, Matrix
Clustering.

1 Introduction

Web contains vast amounts of information, but its structure is complex, which is
difficult for user to obtain information of interest, while browsing speed is also
difficult to guarantee. It become an urgent and important subject that how to analysis
requirements of user effectively and help users find information of interest resources.
For this purpose, it should make the site according to user behavior patterns optimize
organizational structures and forms to improve the quality of Web service, which will
greatly facilitate users.

Web log contains the information of user’s access, although different users at
different times may have different access modes, its long-term trend should be stable,
and in another word the interest should be reflected in the behavior of long-term
access [1]. In a certain time interval, the behavior of user’s access can be recorded by
a set of pages the user clicks when accessing the Web site, which are the composition
of user session. All the user session in this period constitutes the access path set, and
studying the similarity of between the access path set of user session will find user
access patterns to the access behavior of user groups. Information such as some about
user groups under similar sites will be found by user session clustering [2], which
shows the law of behavior that user groups access Web, provide a reference site for
optimizing organizational structure, and reduce user access time. It also can provide
targeted resources to achieve personalized service.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 154-]159, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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2 Web User Access Patterns

User access patterns are the access path which consist of the hyperlink that users click
on when the user access site [3]. If different users have the same access sequence of
pages hyperlink it means user access behavior has a certain similarity, which is an
abstract to user access and it can be viewed as pages of knowledge. Path clustering is
to find access behavior of users to access the path shown by the class of set process.
Each collection represents one class user access patterns which has similar path.
Clustering them can obtain the statistical sense of the dynamic user access patterns
and needs, and then to adjust the site structure and provide the basis for further
content organization.

Web access pattern mining is the use of data by processing the Web to find user
access patterns and understand user behavior. User access patterns mining process is
through the use of data mining from the Web access patterns in the process of
automatic extraction [4]. The preferences of user access patterns is not only reflected
in its sequence of browsing the Web on the path, but also reflected in the user access
in Web page timing. Cluster analysis of user groups with similar characteristics help
understand the user access patterns [5]. Therefore, by mining the information of user
access in a period, similar user groups and relevant page information in this site will
be found.

3  Algorithm Description

3.1 Web User Access Patterns Mining Algorithm

Improved matrix clustering algorithm is applied in this paper, which is relatively
simple and extensive. Less demanding of its log file, no requirement of its session
identification and transaction identification and no complex data make it more
convenient.

After preprocessing the original Log data, with L=<ip, uid, url, time> is expressed
in Web server logs. Which, UserID that Web users ID, IP represents the users IP
address, url that the users requested url, time indicates that the corresponding
browsing time. Then, it’s further processing reflect the user browsing behavior within
a certain period of time [6].

Definition 1: The user browsing behavior A: records of the information user browsing
the site left behind, it has shown in Equation 1. 2 (n +1) tuple:

A=<UseID, ,IP, {(L,,url, hits)}" > @

Among, l,_useid=UserID,, I, L, ly_ip=IP,, n=I, hits represent the times user
UserID, browsing the page I,_useid.

Definition 2: Website model G: Website can be viewed as the topology of a directed
graph, as shown in Equation 2:

G=<N.N,.E.E, > @
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Among, N represent the node set; N,={Nodee N,{(UID,hits)"}}, n>1, record the user
UID and the number of access nodes Node for node attribute set; E represent to the
directed edges set; E,={(ec E,{Number of path}’)"}, p, m>1, for the directed edge
attributes set, recorded the path to the directed edge of their number.

Definition 3: urlID-UserID associated matrix M,,,: According to the definition of a
directed graph G from G's node set N can get all url of the site, from the
corresponding nodes attribute set N, can gain access to each node’s UserID and the
corresponding access value.Thus the urlID as rows, the UserID for the column to
access the number of hits for the access value, can create urlID-UserID associated
matrix M,,,, as shown in Equation 3:

[ hl,l hl,Z o hl.j hl.n ]
h2,l hz,z o hz,_;‘ o hZ.n
M _ : : : : : :
" hi,l hi,2 o hi,j o hi,m (3)
hm,l hm,2 hm,j hm,n

Among, h;; is the number of page i is visited by the user j within the region for some
time; each column vector M [-, Jj ] indicates that the user j for all pages of the site

visits; each row vector M [i,-] means that all user access to pages i. Therefore, row

vector reflects the type of user, describes the user personalized access sub-graph; the
column vector represents the site structure, and also contains user access patterns in
common. Then, measuring each row vector and column vector similarity can directly
get similar user groups and related Web pages, but also realize the pages and user
clustering.

Definition 4: Weights associated matrix A,,: Evolved from the correlation matrix
M,x, as shown in Equation 4:

a4y, a; a,
a,; Gy, a, ; a,,
Am><n - (4)
a,, 4, a; ; a,
_am,l am,Z am,j am,n
0 hi’j =0
Among, g;; is weight, a;=1 1 hij <A, , a;=0 means that the user does not access
2 hi’j = A,

the page; a;=1, means that the user j interested in the contents of the page i; a;=2,
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means that the user j is very interested in the content of the page i; A; is threshold
value (threshold value according to the clustering situation may be different).

Definition 5: Similarity sim(p;,p;):Suppose p; and p; are two n-dimensional space
vectors, pi=(a;i, ik, >qim)> Pi=(Qj1,"*,jis* i), 1<k<n, then the similarity sim(p;,p;)
between vectors p; and p; shown in Equation 5:

P*p, Z(a,k ag

Sim(p,, p;)=cos(p,, p;) = ’X‘ ‘= (5)
PP ,/Z(a» ka)

Among, p;*p; means scalar product of two vectors, Ip;l and Ip;| are the vector norm of
Cand D.

3.2 Steps of Algorithm

Row vectors of urlID-UserID associated matrix M,,., M [i,-] is the description of all

the user on each page visit, for all users that access the Web page the same or similar
circumstances must have some similarities, so they can be clustered together.

Clustering process is as follows:

Input: preprocessed log database Webdatabase;

Output: clustering results Clu.

Specific implementation steps are as follows:

DurlID-UserID associated matrix M,,,, calculated threshold value for each line
(the integral function), then D pretreatment. By definition 4, for any h;>1,, can make
a;=2; for any A4; >h;>0, can make a;=1; for any h;= 0, can make a,=0, thus generating
the weight matrix A,,x,.

2) By definition 5, calculate the weight matrix A,, the similarity S; ]between row

vectors, similarity matrix ASm xm  2€nerated. In the symmetric matrix A®™  Random

mxm

A,71[$;1 (1<i<m, i<j<m) means the similarity between i-row vector and j-row vector

, the diagonal element value is 1.Because similarity matrix symmetry, just consider it
part of the inverted triangle (not including diagonal). Similarity matrix as follows:

Loy Stm
Arii:’:n = l Si,m (6)
1
3) Calculation of similarity matrix A" similarity threshold value /..
m m
— si S
A_ZZSL i / A’ (Matrix A" the number of non-zero).
i=1 j=1

4) Complete the clustering operation. Output clustering results Clu.
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3.3 Experimental Results

Selecting the logs of Liaoning Technical University of Web server (www.Intu.edu.cn)
as subjects, experimental data is the data for February 11, 2010 08:22:00-15:43:21
user access the site, the entire site including the 9879 html, user access to a total of
816M, identified a total of 8217 users access services, the average transaction length
is 3.7 visits. Clustering results show that the calculation of similarity Sim to take into
account the sequence of the path the user to access the page, draw a high similarity to
the access path. Experiment results show that the interest people in the extent of the
page more reflect in the retention time of the page. Therefore, Sim calculation method
proposed in this paper fully take into account the time factor on the degree of user
interest, this calculation method of similarity is more practical applications, user
access and description of the level of interest of the more reasonable levels. By setting
the threshold value A; the number of border objects can be controlled, which
effectively solve the uncertainty that Web log user access targets, and the same user
may belong to several different kinds of classes, Figure 1 shows the relationship
between the threshold /; and the number of boundary objects.

Analysis shows that, with the threshold value 4; increases, the number of boundary
objects in the continuous reduces, which shows that the original boundary objects
with not clear classification is progressive realization classification. So that each
boundary object has a defined indication, it is a effective solution to the user uncertain
purpose of the browsing belong to multiple clusters of cases, and achieve stratified
into categories the practical application of results.

1000 |
S 900
2 go0 |
e
Z 700 t
e
g 600 |
g 500 |
o
g 400 |
S 300 f
8 200
1 I 1 I 1 I 1 I 1 I 1

090 092 094 096 0.98 1.0
threshold value A:

Fig. 1. Relation between number of boundary object and /;

4 Conclusion

Web user access pattern mining take the user browser preference as the time reference
measurement, after a choice to the next page, the longer access, the user has greater interest
in, the more preference in access to, and the shorter the browsing time the opposite.
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Clustering algorithm can accurately reflect the user browsing interests, without
additional burden, with the advantages of simple, efficient and better system
scalability. Also consider Web log preprocessing with user identification to find a
class or a user browser preference path to design personalized Websites.

References

1. Barford, P., Bestavros, A., Bradley, A., et al.: Changes in Web client access patterns
characteristics and caching implications. World Wide Web 2(1-2), 15-28 (1999)

2. Zhang, H., Liu, X.: A New Way to Discover User Browsing Model. Computer Applications
and Software 24(2), 143-150 (2007)

3. Pa, S.K.: Web mining in soft computing framework: Relevance, state of the art and future
directions. IEEE Transactions on Neural Networks (13), 223-229 (2002)

4. Fei, A.-g., Wang, X.-h.: An Information Mining Method on Web Log. Computer
Application 24(6), 57-59 (2004)

5. Xu, H., Hang, J.-x., Zhu, X.-g., et al.: An Algorithm of Mining Large Reference Sequences
from Web Logs. Information Technology & Informatization (1), 30-32 (2009)

6. Chen, J., Wu, J.-h.: New measuring method to predict users’ browsing patterns. Computer
Engineering and Applications 46(10), 209-212 (2010)



Combining Link-Based and Content-Based
Classification Method

Kelun Tian

Department of Mechanical and Electrical Engineering,
Hebei Vocational & Technical College of Building Materials, Qinhuangdao, 066004, China
tklun@1l63.com

Abstract. Link mining is also called social network analysis. It is a new study
of data mining. It is different from the traditional data mining methods. Link
information is used in link mining. Link information provides richer and more
accurate information about the social network. In this paper, a representation is
chosen by Graph, Dyad and Subgraph for the statistical inference of mining.
And then based on the defining of the graph structure and link type, the model
of getting the link features is built. Last a combining link-based and content-
based classification method is proposed, and this method is proved to improve
the result of classification.

Keywords: link mining, link-based classification, content-based classification.

1 Introduction

The traditional data mining tasks (such as association rules mining, shopping cart
analysis) view data from data set as related and independent events. Mining abundant
data set, which has the structure features of heterogeneous, is an important challenge
in data mining.

Link mining is also called social network analysis [1]. It is a new study of research
area, which is located in multidisciplinary intersection: link analysis, Web mining [2],
graph mining and social network analysis. Link mining belongs to the category of
multi-relational data mining. With the deepening research of link mining, the new
study task also appears, such as the prediction of the strength of link, prediction of the
exist of connection, the discovery of joint quote and the mining of graph pattern, and
the study of classification and clustering methods based on link of mining. All of
those are hotspots of current researches.

The content of this paper is node classification method based on link. Compared
with the traditional classification methods, the classification method based on link
joins link information, and proposes an effective combining link-based and content-
based classification method.

The rest of this paper is organized as follows: Section 1 introduces the data
representation of link mining; Section 2 introduces the obtaining of link information
model; Section 3 introduces combining link-based and content-based classification
method; Section 4 introduces the use of data; Section 5 introduces experiments and
results; and section 6 is the conclusion.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 160-[6§, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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2 Data Representation of Link Mining

In order to accomplish the link mining task efficiently, the social network should be
formalized at first. Graph provides a visual representation for formalized social
network. The social network analysis proposed by Freeman has 4 basic characteristics
(3]:

(D The social network analysis takes more attention to the connection between the
object, rather than the properties of itself.

@ The information tied between the objects must be collected by systematic
method.

(3 Established above the graph model;

@ Meaningful information is got from these relations by using mathematics
method.

Graph as a basic representation of social network is appropriate, social network is
composed by the object (namely nodes of graph) and the relation tie between the
object (namely the edges). Among them:

Object: Social entity, which can represent specific individuals, clubs or other social
units.

Relation tie: Social entity contacts together through the relation tie. Different social
networks have the different significance: the blood relationship between family
members; the cooperation relationship between colleagues; Hyperlink between Web
pages; Quote relationship between works, etc.

In addition to the two basic elements above, there are more complex patterns:

Dyad: Composed by two objects and the connections between them.

Subgraph: Composed by part of the social network and the connections among
them. The subgraph used for analyzing characteristics of groupuscule, which belong
to social networks.

Graph [4]: All objects and the relation ties among them, which used to analyze the
characteristics of the whole.

Although the choice of representation is not part of the link mining, it has very
important influence on statistical inference of mining. Therefore, before solving a
specific social problem, the first thing is to choose a good representation. It has the
more important significance for a good link mining system.

Through the introductions above, we have a basic understanding of link mining.
The next is the core content of this paper: a combining link-based and content-based
classification method.

3 Obtaining of Link Information Model

3.1 Definition Graph

Usually, we think the object set based on link is a directed graph essentially, node
represents object, edge represents link between objects.

Definition 1
Graph: g(O, L) is the directed graph definited between O and L:
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O: Represent object set. O={Xj,..., X;}. Xi is an object or a node of graph, O is
the set of nodes.

L: Represent the set of the links between objects, L;_,; represents a link between the
object X; and X;. L is the set of edges.

3.2 Definition Link Types

Experience tells us the fact: users of network will always click on websites related
with their own content; Thesis authors are always citing papers associated with their
own theme; People always enjoy getting together with friends which have common
hobbies... These give us a prompt that the content of two papers is likely to be similar
if they quoted from a same paper; People who scan the same website will have the
similar knowledge background extremely. Therefore, we define four basic link types
as follows:

Definition 2. Link Type: The class notation of the object is a finite set {cy,...,cx},
¢(X) denote an object X of the class c. Link Type can be divided into the following
four category:

In(X;): The in-links collection of object X;, means the links point to X, {Xj |
Li_€L}.

Out(X;): The out-links collection of object X;, means the links point to other
objects, {X;l Li_,;EL}.

Co-In(X;): The joint reference collection of object X, {X;| Xj#X ,the third object
Xk possess the links point to X; and X; }.We can consider Co-In links lke
this: possess the in-links point to Xj

Co-Out(X;): The joint reference collection of object X, {Xj| Xi#X;, X; and X;
possess the links point to the third object Xy }. We can consider Co-Out links like
this: X and Xjpossesses the out-links point to Xy

3.3 Feature of Links

Getting the information of links is obtained through the implementation of getting
features of the links. Based on the defining of the graph structure and link type, next
we need to find the pattern or model of getting the features of the links. So we tried a
variety of simple mechanisms, which are based on the statistical calculations. When
describing the finite data collection, statistical calculations to be more compact than
storing incidence matrix .In addition, when a new object entered, these models can be
adaptive , so the applied range can be more widely.

Notice that the following definition of the three models, we can get the link feature
of one link type (In links, Out links, Co-In Links, Co-Out Links) at one time.

Definition 3. Model-link: {c,,...,c} is the finite set of class notation , (n,...,n,) is a set
of vectors corresponding the class notation {cy,...,cy}. n; (1<i<k) denote the number of
the a certain link type which between class ¢; and the target object. If n; n; j#I and
1<j<k, then the target object belongs to c; the result of Model-link is class c;.

Definition 4. Count-link: {c,...,c\} is the finite set of class notation , (ny,...,n;) is a
set of vectors corresponding the class notation {ci,...,c}. n; (1<i<k) denote the
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number of the a certain link type which between class c¢; and the target object .The
result of the Count-link is a set of vectors:(ny,...,ny) .

Definition 5. Binary-link: {cy,...,c¢} is the finite set of class notation , (ny,...,ny) is a
set of vectors corresponding the class notation {cy,...,cy}.If existing this kind of link
type more than once between class c; and the target object ,then n; =1,on the contrary
n; = 0. The result of the Binary —link is a set of binary vectors: (nj,...,ny).

The following are examples, Fig.1:A, B, C are three classes . X is the target object.

Out Links:

mode: B In Links:
binary: (1,1,0) mode: A

count: (1,2,0) binary: (1,1,1)
count: (3,1,1)

Co-Out Links: Co-In Links:
mode: B mode: A
binary: (1,1,0) binary: (1,0,0)
count: (1,2,0) count: (2,0,0)

Fig. 1. Link model of object X

Fig.1 shows the link structure of target object X, and outputs the extraction results
of the link feature about the three models.

It is easy to find that the Count-link provides more accurate details about the link
information than Model-link and Binary-link. Count-link not only finds the classes
that are associated with the target object, but also announces the proportional
relationship between these classes.
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4 Combining Link-Based and Content-Based Classification Method

Link mining means mining the information of the links. Link-based classification, the
task is not just tap the link information, what is more important is how to improve
classification results using the link information. Among the link-based classification
task, data sample to be classified belongs to those who always have some contact with
their class, and this contact is the hidden information of the link.

Among the link-based classification task, each data sample consists two pieces of
information: link information and content information. The content information
describes the properties of the samples; the link information describes the relationships
between the samples. Among the tasks of link mining, the link information is more
important than the content information.

Classification method of merging link information and content is divided into the
following two steps:

(D Dealing with the link information and content information separately (OA(X)
denote the content information, LD(X) denote the link information).
@ Merging the two parts by a classification model.

Traditional classification methods are based the content information, and the
method has been very rich, among them the (Naive Bayes) [5], kNN [6] and Support
Vector Machine(SVM) [7] are the three most well-known methods. The classification
method based on the link information is the new research direction, through the
introduction of Part 2, knowing that the link information can be obtained from the
implement of getting the feature of the link, in which the Count-link is considered to
be the most appropriate extraction model.

In order to merge the link information and content information, we choose the
Bayesian network model [8]. Bayesian network model is widely used in the
information retrieval [9,10], especially for merging heterogeneous information [11].

Definition: {cy,...,ci} is the finite set of class notation c;€{-1, +1} (1<i<k), given
an unknown data sample X(that is ,no class notation),select Count-model to get the
link feature of the sample X, then the probability of the sample X belongs to a certain
class ¢ can be expressed as:

P(X 1¢) = 1(POAC) 1 OZ ¢ {1n, Out, Co - In, Co - Oury PULD (X) 1)) (1)

Where this definition, t refers to different link type, 7 is the normalized constant.

4.1 Content Information

P(OA(X)Ic) : The probability of unknown sample X belongs to class ¢ only

considering the content information.
Expressed by function:

P(OA(X) 1 ¢;) = class(X , ¢;) (1<i<k) 2)

Where X is the unknown data sample, c; is a certain class, class is a classification
based on the content information (Native Bayes, kNN or SVM), ensuring

0<class(X, cl-)Sl.
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4.2 Link Information

PILD(X)1€) =NZt € {In, Out, Co - In, Co - Oury P(LD (X)1¢)

Denote the probability of unknown sample X belongs to class ¢ only considering
the link information.
Where 7 is the normalized constant, ensuring:

0= Z:t € {In, Out,Co - In, Co - Out} P(LDI(X) le)<l

(O Use Count-link to obtain the link feature of the unknown sample X, getting the
following four vectors:
(0. .01, (4, . ) outs (N1, - - M) Co-tn, (A1 - M) Co-Out
@ Based on the link information, calculate the probability of the unknown sample
X belongs to each class:
1

P(LD;(X)1¢;) = ———— 3)
nl +n2 +...+nk

Combined (1), (2), (3), getting the probability of sample X belongs to class c; after
combining the link information and content information.

P(X 1¢;) =1(class(X.¢))2¢ ¢ {In, Out, Co - In, Co - Our} PLLD (X) 1 ¢p)) (1 <k < 1) “4)

Classification allocates unknown data sample to the biggest probability class.

Compare with structured Logistic Regression modem, the complexity of Bayesian
network model reduced, when training parameters. It is important to emphasize that
the belief network is a model frame, not a kind of reasoning mechanism.

5 The Use of the Data

The labeled data D' (training set) and the unlabeled data D" (test set) compose the data
set D. In the traditional classification method, first training classifier with the labeled
data, then use the classifier to distinguish the unlabeled data. But the classification
method based on link is different. As we know, the relationship in link is dynamic.
When a classified numbered sample was joined in the labeled data successfully, it will
bring new changes to the link information of the labeled set.

First, create Bayesian network model for the labeled data set D' (training set). Then
classify the unlabeled data set D" (test set). Finally train the new model with the
classified unlabeled data and the original labeled data set.

It can be classified into the following two steps:

Stepl: initialization. Creating Bayesian network model and training classification
according to the information of content and link only use the labeled data set.

Step2: iterative (usually use EM-like iterative algorithm)

1. Classify the unlabeled data use the classifier that is trained in stepl.

2. Recalculating the link features of the labeled data set sample. Reevaluate the
Bayesian network model parameters.
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By iteration and training all the unlabeled data classified successfully, unlabeled
data and labeled data are used in the process of training classifier and parameter.

6 Experiment and Result

Experimental data from Cora [12] data set(a data set build by a CiteSeer); WebKB [13] data
set(World Wide Web).
Establish the experiment data set: Cora I, Corall, SubWebKB (part data from

Cora and WebKB).

6.1 Define Experimental Metrics

TP (true positive): sample x belonging to class c;, through the classifier identify, it
assigned to class c; indeed.

FP (false positive): sample x not belonging to class c;, but after identify by
classifier, it assigned to the class c;.

TN (true negative): sample x not belonging to c;, through the classifier identify, it
assuredly did not belonging to c;.

FN (false negative): sample x belonging to c;, but after identify by classifier, it did
not belonging to c;.

Accuracy is the percentage of the properly labeled sample, (TP+TN) / (TP+TN+
FP+FN).

Precision, be marked in the same kind of samples, the percentage of correct marked
TP / (TP+FP).

Recall, belongs to the same kind of samples and the percentage of be properly
labeled TP/ (TP+FN).

6.2 Experimental Results

The experiments show that combined link information and content information is
superior than based on content only. The accuracy of Count model is better than
Mode model, and they all better than Binary mode. The reason is the mode which is
based on linking use a lot of adjacency sample attribute, Mode and Count model make
full use of these information. In a sense, Binary model only describe the kind of
existence, but lost the information about frequency. Especially in the reference field,
the advantage of Count model is more apparent.

Such as table 1, table 2, table3, three conditions are compared in Cora I, Cora II
and SubWebKB: the result based on only consider the content; the result based on
only consider Link information; the result after combine the content and the link
information.

Table 1. Classified re report table on Cora I data set

Cora [
Content Links Combine
Avg accuracy 66.39 78.16 82.27
Avg precision 68.07 79.11 85.26

Avg recall 63.25 75.76 81.41
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Table 2. Classified report table on Cora II data set

Cora 1T
Content Links Combine
Avg accuracy 62.98 79.96 81.57
Avg precision 65.48 78.46 80.29
Avg recall 48.37 75.26 77.34

Table 3. Classified report table on SubWebKB data set

SubWebKB
Content Links Combine
Avg accuracy 82.12 56.44 88.39
Avg precision 72.34 68.81 75.96
Avg recall 78.91 59.33 80.82

Experimental results show that model of combing link-based and content-based
classification is better. But compare with only consider the content or link
information, it show different results. When consider link information only, the
results is better than consider content only based on Cora I data set and Cora II data
set. But, based on SubWebKB data set, the result is opposite, and the result is not very
ideal when only consider the link information. The reason is that content can supply
better initialization entrance. It compensated the lack content when data focused on
fully linked information. When link information rare of focused data, the performance
maybe bad.

Comparing the contribution of different type of optimization classification, it shows
that all link type is good. But when consider one part, Out Links and Co-In Links
seems supply more information, and when based on SubWebKB is not good.

Table 4. Accuracy classified table labeled only and complete

Labeled links only Complete Links

Cora 1 68.72 82.27
Corall 70.36 81.57
SubWebKB 85.66 88.39

Table 4 Comparing the accuracy of classified results only use labeled data set and
unlabeled data set.

The classification results improved by use the increase unlabeled data set. Link
information may improve the classified results, in terms of , we can change the error
results based on content only according to the link information .And how to
coordinate the percentage between link information and content information in the
process of classify will be a potential research direction.
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7 Conclusions

Many data sets have complex structure, and something is always interacting in reality.
Link mining is the best method in digging mass structured data. Mining link
information and using model obtain information is the core task of link mining .In this
paper, we focused on using the link information improve the classification results.
This article put forward a kind of simple framework based of statistical method in
order to mode the future of link. Bayesian network model played a very good effect
role when merge the link information and the content information. It found four link
types, analyzed their importance, and added the unlabeled data to the process of
training classifier, and discussed the relationship between link information and
content information. This content will provide important base for future research.
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Abstract. Focused on the problem of numerous labeling works on the expert
homepage in the procedure of Chinese expert entity homepage recognition, in
this paper, a method of Chinese expert entity homepage recognition based on
the Co-EM proposed. In detail, firstly, collect the names of Chinese expert
entity and the corresponding web pages, and then label a small quantity of web
pages. Secondly for Chinese entity characteristics, extract the hyperlink features
and the web page content features as two independent feature sets. Thirdly train
the hyperlink classifier using the hyperlink feature set and label the all the
expert entity homepages, and then train the content classifier using the web
page content feature set and the labels which were labeled by the hyperlink
classifier. Use the labels which were labeled by the content classifier to update
the hyperlink classifier. Repeat the procedure until the two classifiers converge.
Finally, experiments were done by employing the method of 10-fold cross
validation. The results show that the method based on the Co-EM semi-
supervised algorithm can uses the unlabeled web pages effectively and there is
an increase of accuracy of recognition compared with using the labeled web
pages only.

Keywords: Chinese Expert Entity Homepage Recognition, Semi-supervised
learning, Co-EM.

1 Introduction

With the increase demand of expert’s information, how to find out the expert entity
homepages from a mass of Internet web pages quickly and accurately has gradually
become people’s strong demand. Given an expert entity name, how to find the
expert’s homepage and detail information directly has an important prospect.

In the English expert entity homepage recognition, the famous international
conference TREC [1] (Text Retrieval Conference) set the Enterprise Search task from
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2005, besides, it set the English Expert Search as its sub-task. In the early 90s of 20
century, Hewlett-Packard developed the CONNEX system which is used to find
homepages of the employees [2]. Since then, Dawit Yimam [3] proposed a DEMOIR
(Dynamic Expertise Modeling from Organizational Information Resources) approach
to carry out the research on entity homepage recognition. Campbell et al. [4] also
analyzed the link structure defined by authors and receivers of emails using a
modified version of the Hyperlink-Induced Topic Search (HITS) algorithm to identify
authorities and return information and homepages of experts. In addition, probabilistic
approaches presented by Macdonald and Ounis [5] and formal methods proposed by
Balog et al. [6] have been developed based on the assumption to search experts and
the corresponding homepages. Lina Li et al. [7] defined the entity features related to
the features of link and web page content, and then used the AdaBoost algorithm to
train the classifier. Yi Fang, Luo Si et al. [8, 9, 10] also developed a search engine
used for the Indiana Database of University Research Expertise (INDURE) to obtain
the specific information and homepages of experts. Meanwhile, the SPUD (Skills
Planning and Development) project [11] of Microsoft and the SmallBlue [12] System
of IBM both are the typical applications in this area. In the Chinese expert entity
recognition, Lina Li et al. [13] adopted the method which combines the feature of link
and web page content and the J48 algorithm and the accuracy rate reaches 81.05%.
The Chinese expert entity recognition can be transformed into the classification task.
But collecting and labeling a mass of training data is necessary in the procedure of
machine learning, in the real world application, labeling a mass of web pages
manually is costly, but we can get a mass of unlabeled web pages through the search
engine is easy. Therefore, the semi-supervised learning of how to combine labeled
data with unlabeled data becomes the major concern of expert entity homepage
recognition researches.

Various semi-supervise learning methods have been proposed in the machine
learning domain. Co-training introduced by Blum and Mitchell [14] is a semi-
supervised learning paradigm, which trains two separate classifiers with the labeled
data and let them label the unlabeled examples with high confidence for each other.
Each classifier is retrained with the additional training examples given by the other
classifier. Kamal Nigam [15] proposed the Co-EM algorithm based on the Co-training
and EM theory which solves the problem of “noisy data” when we used the Co-
training algorithm to train two classifiers and used the two classifier to label data in
the same time.

In this paper, with the help of search engine, we collected a mass expert homepage
data and labeled a little data. And then for Chinese entity characteristics, defined the
expert entity features related to the features of link and web page content as two
independent feature sets. Finally we trained the expert homepage classifier by the Co-
EM algorithm. The result of experiment shows that the classifier which is trained by
the algorithm we proposed can use the unlabeled data effectively and improve the
accuracy rate.

The organization of this paper is as follow: In section 2, we describe the
characteristics of Chinese expert homepage and the method of extracting the features; in
section 3, the method of Chinese expert entity recognition combines Co-EM algorithm
is introduced; in section 4, we describe the result of Chinese expert entity recognition
and analyze the result. Finally, some concluding remarks are given in section 5.
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2 Feature Extraction in Expert Homepage

2.1 Collection of Chinese Expert Entity Homepage

In this paper, we collected the random expert entity names from several universities’
websites, and then input the names into search engine baidu (http://www.baidu.com) to
get the top 5 web pages corresponding to every name. Next, we mark the order of the
web pages in the search engine and labeled a little web page. In detail, O denotes the
web page is not the expert’s homepage, 1 denotes the web page is the expert’s detail
information but isn’t the homepage, 2 denotes the web page is expert’s homepage and
99 denotes the web page is unlabeled. And then, the expert entity web pages can be

described as a six-tuple SEU: SEU = (ID, EN,Content, Rank,Url,Score) . In

which, ID is the order number when we collected the web page, EN is the expert entity
name, Content is the content of the web page, Url is the hyperlink corresponding to the
web page, Rank is the web page’s rank number in the search engine’s list and the score
denotes the type of the web page.

2.2 Characteristics of Chinese Expert Homepage

In general, there are a mount of features which is relevant to the expert’s homepage in
the web page’s hyperlink. From the analysis of the hyperlinks of the Web Pages, we
can see that, there are several special characters such as “?”, “/”, “=" et al, besides, the
web page’s rank in the search engine is high. We also discovered that: the hyperlink
which has the words such as “news”,”’baike” is not the expert’s homepage’s hyperlink;
the expert’s homepage’s hyperlink has fewer characters like “%” et al, a mount of
expert’s homepage’s hyperlink has several numbers. So for the characters of expert’s
homepage’s hyperlinks, we adopt 14 typical features (which are shown as feature 1-
14 in table 1 in subsection 2.3).

Besides, the content of the web page also has several features can be used for the
expert entity recognition. For example: there are several words such as “#4:44(name)”,
“Hff 92 (research)”, “if 3L (papers)”, “#{ % (professor)”, “= [ (college)”, “¥f
(report)”, “K“F(university)” corresponding to the expert entity name, the hyperlink
and the images in the web page content both are the typical features of expert
homepage. We adopted 4 typical features in the web page’s content(which are shown
as feature 15-18 in table 1 in subsection 2.3), besides, borrowed ideas from the text
classification, we remove the html tags of the web pages , segment the words ,
remove the stop-words, and then calculate the information gain(IG) of every word.
The equation of IG is shown as equation 1:

:—ZP )Jlog P(c;)+P(t ZP (¢;1t)log P(c; 17)

P(7)3.P(c17)log P(c,17) SO

i=1
m
In equation 1, ¢ denotes a term in one question, {Ci},':1 denotes the classes of the

target space. P(c;) is the probability of class ¢, occurs in the train corpus. P(%) is
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the probability of term f occurring in the train corpus. P(Ci | ) denotes the co-

occurrence probability of ¢, and f in the train corpus. P(c,|f) is the

probability of  not occurring in the train corpus. After the calculation, we adopt the
top 10 words which have the higher IG values to extend the web page content features

2.3 Feature Exaction of Chinese Expert Homepage

After the analysis of subsection 2.2, in this paper, we adopted the hyperlink features
and web content features as two independent feature sets separately. The feature list
of the Chinese expert homepage is shown as table 1:

Table 1. The feature list of Chinese expert homepage

Feature id Feature Description type
Featurel Whether the hyperlink include “news” Numl {0,1}
Feature2 The length of the hyperlink Num? integer
Feature 3 The count of “/” in the hyperlink Num3 integer
Feature 4 The count of “?” in the hyperlink Num4 integer
Feature 5 The baidu rank of the homepage NumS5 integer
Feature 6 The count of “%” in the hyperlink Num®6 integer
Feature 7 The count of “=" in the hyperlink Num?7 integer
Feature 8 The count of “_" in the hyperlink Num8 integer
Feature 9 Whether the hyperlink include “baike” Num9 {0,1}
Feature 10 Whether existing whole numeric information between two “/ “  Numl0 {0,1}
in HYPERLINK, such as “/888/”
Feature 11 Whether the hyperlink include “~” Numl1 {0,1}
Feature 12 The count of numbers in the hyperlink Num12 integer
Feature 13  The count of numbers after the last second “/” of the hyperlink Num13 integer
Feature 14 The count of “&” in the hyperlink Numl14 integer
Feature 15 The count of entity name in the web page content Numl15 integer
Feature 16 The count of images in the web page content Num16 integer
Feature 17 The count of hyperlinks in the web page content Num17 integer
Feature 18  Whether the web page content include the words “#:44(name) Numl8 integer
* fff5%(research) ~ %=(academy) ~ 37 (papers) ~ %
(professor) ~ “Zfi(college) ~ e (report) ~ K “F(university) *
TlrEx(society) ~ 2F3E[ (faculty) ~ 32 (institute) ~ i+ (PhD)
~ L[ ](specialist) * fir/E@(belonged to) ~ W (lecture) ~ 14
(topic) ~ &F=(publish) ~ Hififi(publishing) - 4ifgk(area) ~ i H
(project)”
Feature 19-28 Term1-Term10 which were adopted by calculating the Terms’ Num19-28 integer
IG values

In the table 1, the feature 1-14 are the features based on the homepage’s
hyperlinks, the feature 15-28 are the features based on the homepage’s content.
Focused on the six-tuple SEU we get from the search engine in subsection 2.1, from
the definitions in the table 1, we adopted the feature 1-14 as hyperlink feature set and
adopted the feature 15-28 as the content feature set.
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3 Chinese Expert Homepage Recognition Based on Co-EM

3.1 Modified Bayesian Model

Bayesian Model is a simple but effective text classification algorithm for learning
from labeled data. The model c calculates the probability of a document belongs to a
class. We choose the Modified Bayesian model as the fundamental classifier. In
details, the algorithm describe as follows:

Suppose that the training data is consist of features, ¢, € C={c, >+, ¢}
denotes the jth class, and then we can get the probability of document D), belongs to
¢; which is shown as Equation 2

P(c;,w,--,w,)
P(c;1D)=Plc;Iw,--w,) = P(w,, -, w) 2

In the equation 2, w, is the feature of the document Dl. and the denominator is a

constant when the training data is determined. The Modified Bayesian model
supposes the features of the document are independent, so equation 3 is gained
because of the independent probability.

P(c;,w,--,w,) = P(c;,w)XP(c;,w,)X---XP(c;,w,) 3)
After deal with the weight of TF-IDF, the equation (4) is obtained:

0.5+n(c;,w,) V+0.1
xlo

g —

\4

vaSae,wy ~ MH0 @
i=1

P(c;,w,)=

In which n(cj,wt) denotes the number of times feature W, appears in the

1%
class ¢ IE E ) ll/l(C j,wt) denotes the total number of the times feature W),
i=

appears in all the classes. V is the count of classes, M denotes the feature
w;, appears in M classes, the 0.5 is smooth factor.

At last, we can predict a document’s label by maximizing the equation 5

arg max P(cj. [ g,) o< arg max P(cj,wl,m,w”) oc arg max(P(cj,wl)x~-~><P(cj,w”)) 5)

3.2 Co-EM Algorithm

The Co-EM algorithm is a semi-supervised algorithm which combines EM theory and
the Co-training theory. The algorithm’s procedure is similar with the Co-training, first

train a classifier C, using a independent feature set, then use C, labels all the

unlabeled data and use the other independent feature set and the labels which are
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labeled by C, to train the classifier C,, finally use C, labels all the data and use

the labels which are labeled by C, to update the parameters of C,, repeat the

procedure until the two classifiers converge. The algorithm is described as the
following:

Algorithm 1. The Co-EM algorithm

Input: labeled training set Q,, unlabeled training set Q,, number of iterations K
Output: Two classifiers, C; and C,. These predictions combined by multiplying together
Process:

For t=1 to K do
Train the naive bayes classifier C; using the hyperlink features of Q; only.
Predict the unlabeled set Q, using C; and train the other modified bayes classifier C,
using the content features of Q; and Q,
Predict Q, using C, and use the labels which were predicted by C, to update the
parameters of C;.

End for

The major difference between the Co-training and Co-EM is that, the Co-EM does
not use the first classifier to classify the unlabeled data directly but use the posterior
to classify the unlabeled data; the labels of the data can be changed in the following
training procedure. In the Co-training algorithm, the original classifier’s accuracy rate
has a big influence on the final accuracy rate. And the Co-EM algorithm solves the
problem.

3.3 Chinese Expert Homepage Recognition based on the Co-EM

We get the Chinese expert entity name from the universities’ website at random,
retrieve a mass of web pages from the search engine, and then label a little manually

and build the six-tuple SEU. the data set marked asQ =Q, U Q,, in which Q, is
the unlabeled web page, ), is the labeled web page. Next, we train the Modified
Bayesian model C) using the hyperlink feature set, then label the @ by C, train
the other modified Bayesian model C, using the content feature and labels which
are labeled by C,, update the classifier C, using the labels which are labeled by
C, , repeat the procedure and the number of times of repeating is 10. Finally we get
two classifiers Cl and C2 , and for the prediction of a new data, we maximum the
p(c,)X p(c,) , in which p (C,) is the probability of classifier C, and the
probability of classifier C, .
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4 Experiment and Analysis

The experimental data is the expert entity names which are obtained from the
universities’ website at random, and then with the help of search engine, 2113
Chinese expert web pages are obtained. Next label 300 web pages manually, that is to
assign the value of Score of the six-tuple SEU=(ID, EN, Content, Rank, Url, Score).
In order to evaluate the effectiveness of Co-EM, In this paper, the methods of feature
extraction are choose as hyperlink feature, content feature, hyperlink feature and the
content feature; the methods of classification are choose as SVM, Modified Bayes,
J48, Co-EM.

Experiment uses the method of 10-fold cross validation to verify the classification
results with different classifiers. The specific classification results are shown in Table 2.

Table 2. The accuracy rate of different methods of feature extraction and classification

Feature Accuracy
SVM BAYES J48 Co-EM
HYPERLINK 65.54% 75.49% 80.17% _
CONTENT 63.12% 73.83% 77.84% _
HYPERLINK+CONTENT 66.21% 77.61% 82.49% 83.48%

Note: The Co-EM algorithm can not be used only with the hyperlink feature or the content feature, so there

is no accuracy rate in the table when used the Co-EM

The result shows that: In the supervised learning, the accuracy rate of the feature
extraction method which combines the hyperlink feature and the content feature is
higher than the method which only uses the hyperlink feature or content feature. In
which J48 method, combined with the feature of hyperlink and the content obtain a
better result, the accuracy rate reaches 82.49%. In the semi-supervised learning, using
the Co-EM algorithm, the accuracy rate reaches 83.48%, it proves that, Co-EM
algorithm can use the unlabeled data effectively and reduce the labeling work;
meanwhile, an increase of classification accuracy rate is obtained.

In order to evaluate the convergent speed of Co-EM algorithm in the iterative
procedure, the classification accuracy of 10 iterative procedures are shown as Figure 1.

Accuracy of Co—EM With Different Iterations

: =
0.8 P o

0.75 S~ —
0.7

0.65

1 2 3 1 5 6 7 8 9 10
Number of Interations

Fig. 1. The classification accuracy of Co-EM algorithm in 10 iterative procedures
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The results show that: in the previous iteration, the accuracy of classification is
low. After several iterations, the accuracy of classification increases and changes to
steady, in the figure 1, after 8 iterations, there is a little change in accuracy of
classification. Therefore, Co-EM algorithm has a quick speed convergent speed; that
is this model has a quick speed of training.

In order to evaluate the influence of labeled data in the Co-EM algorithm, in this
paper, we add some labeled data into the training procedure. The labeled web pages
are 350,400,450,500,550,600; the number of iterations is 10. The result is shown in
Figure 2.

Accuracy of Co-EM With different labeled data

88

86 /’/4//‘\\0//‘
81 ————

82

80

300 350 100 150 500 550 600
labeled data

Fig. 2. The classification Accuracy of different count of labeled data

The result shows that: when the labeled data increases in the range of 350-500, the
accuracy increases, and when the labeled data reaches 500, there is a little change in
accuracy of classification. It shows that, in the procedure of Chinese expert homepage
recognition, we can obtain a steady accuracy without labeling a mass of web pages;
the Co-EM algorithm can use the unlabeled data effectively, reduce the work of
labeling and improve the accuracy of classification.

5 Conclusion

Chinese Expert Entity Homepage Recognition is an important component of expert
system, with the help of semi-supervised learning algorithm, there is less work on
labeling data manually. The result of experiment shows that the Co-EM algorithm
uses the unlabeled data effectively and improves the accuracy of classification. In
future, we will focus on the feature optimization with hyperlink and web page and the
optimal homepage learning algorithm improvement.
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Abstract. Semi-supervised clustering uses a small amount of labeled data to aid
and bias the clustering of unlabeled data. This paper explores the usage of
labeled data to generate and optimize initial cluster centers for k-means
algorithm. It proposes a max-distance search approach in order to find some
optimal initial cluster centers from unlabeled data, especially when labeled data
can’t provide enough initial cluster centers. Experimental results demonstrate
the advantages of this method over standard random selection and partial
random selection, in which some initial cluster centers come from labeled data
while the other come from unlabeled data by random selection.

Keywords: semi-supervised clustering, k-means, initial cluster centers, max-
distance search.

1 Introduction

In pattern recognition, machine learning and relative fields, supervised learning is a
method based on a great amount of labeled data to supply training sets. However,
there are a mass of unlabeled data compared with limited labeled ones in many
practical problems, such as Web Page Classification, Gene Analysis, Voice
Recognition and so on. It is a truth that limited training data can not provide
sufficient distribution information of dataset, which leads to unsatisfied result in
practical applications. Meanwhile, significant number of unlabeled data is useless in
supervised learning. Unsupervised learning method tries to build classifier by
means of detecting hidden structures in unlabeled data. But it is difficult to make
sure the accuracy on dealing with mass data. Therefore, it begins to raise more
concern and become a new hot research issue that semi-supervised learning method
utilizes comprehensively a bit labeled data and massive unlabeled ones.

For different learning tasks, semi- supervised learning can be divided into semi-
supervised classification and semi-supervised clustering [1]. Semi-supervised
classification [2, 3] makes use of a large amount of unlabeled data to enlarge the
training set, which can compensate the disadvantage due to the inadequate labeled

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 178-[187, 2011.
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data. Semi-supervised clustering [4-7] utilizes some labeled data to obtain a better
clustering. This paper explores the use of labeled data to generate initial cluster
centers for k-means algorithm, which biases clustering towards a good direction.
Semi-supervised classification algorithms cannot instead of semi- supervised
clustering algorithms to complete some learning tasks, in which a small amount of
labeled data can not reflect the structure of dataset [8].

This paper introduces a semi-supervised k-means clustering algorithm, called
Seeded K-means (Basu etc., 2002), which uses labeled data to generates initial cluster
centers. But this algorithm is proceeded in the assumption that the labeled dataset
covers all categories (in other words, each category has one labeled data at least [9]). It
is obvious that this hypothesis is very limited. A more common problem is that we
only have some labeled data which come from a part of categories, and we have not
any one labeled data which come from the other categories. Based on this situation,
this paper presents a max-distance search approach to find some optimal initial cluster
centers from unlabeled data. We present results of experiments which demonstrate the
advantages of our method over standard random selection and partial random selection,
in which some initial cluster centers come from labeled data while the other come from
unlabeled data by random selection.

2  Problem Description

In this section, we definite some concepts used in this paper, and then introduce the
background knowledge, finally describe the problem we are facing.

2.1 Seed Set

Given a dataset X as previously mentioned, k-means clustering of the dataset
generates a k-partitioning {X,}/, of X . LetS ¢ X, called the Seed Set, be a subset

consisting of labeled data (called the Seeds) which are provided as follows: for
eachx; € §, the user provides the cluster X, of the partition to which it belongs. The
Seed Set is used to generate initial cluster centers for k-means algorithm.

2.2 Complete Seed Set and Incomplete Seed Set

We assume that corresponding to each partition ¥, of X , there is typically at least
one seed x; € §'. Note that we get a Seed Set with a k-partitioning {§, }¥ , called the

=1’
Complete Seed Set.
However, in most cases we can’t get the Seed Set with a k-partitioning {S,}/ but

a j-partitioning {s,}/ (j<k), called the Incomplete Seed Set, which means that
corresponding to some partitions of X (actually j of k ), there is typically at least one
seed x, €S8, but corresponding to the other partitions (actually k — j of k), there is

not one seed x, € S.
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An example of Complete Seed Set and Incomplete Seed Set is presented in Fig.1.

Complete Seed Set Incomplete Seed Set

Fig. 1. Complete Seed Set and Incomplete Seed Set

2.3 Semi-supervised K-Means Clustering

K-means clustering (MacQueen, 1967) is a method commonly used to automatically
partition a dataset into k clusters. The algorithm is presented in detail in Fig.2 [9, 10].

Algorithm: E-means

Input: a dataset X = {x,,x,..... %) . number of clusters k

Output: k-partitioning {.& 3};’_1 of X

Method:

1. Select k data points as the initial cluster centers {f, g4, g}

2. Each data point x; 15 assigned to its closest cluster center.

3. Each cluster center 4 is updated to be the mean of its constituent data points.

4. Repeat 2 and 3 until K-means objective function i optimized.

Fig. 2. K-means Algorithm

It is well known that the most challenge of k-means algorithm is selection of the
initial cluster centers. The traditional k-means algorithm randomly selects k data
points as initial cluster centers from unlabeled dataset, which leads to the chances of it
getting stuck in poor local optima. In the research of semi-supervised k-means
algorithm, the outbreak is taking advantage of labeled data to obtain initial cluster
centers.

So the problem is how can we utilize the limited labeled data to obtain good initial
cluster centers?

3 Algorithms

In this section, we explain how semi-supervision can be incorporated into the k-means
algorithm by optimizing initial cluster centers. According to the two kinds of Seed Set
mentioned in chapter 2.2, we can divide semi-supervised k-means into the semi-
supervised k-means based on Complete Seed Set, called “CSK-means” for short and
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the semi-supervised k-means based on Incomplete Seed Set, called “ISK-means” for
short, and then we give the mathematical motivation behind the two proposed
algorithms.

3.2 CSK-Means

In CSK-means, a complete seed set is used to initialize the k-means algorithm. Thus,
rather than initializing k-means from k random data points, the initial center of the

[ th cluster is initialized with the mean of the [th partition S, of the seed set. The

calculation of the initial cluster centers {z},_,, , canbe written as:
! (M
M=—) x1=12,..k
IS, 15

The algorithm is presented in detail in Fig. 3.

Algorithm: C5E -means

Input: a dataset X = {x,x,, %}, number of clusters k, set S=1J5,5, is a
complete seed set

Output: k-partitioning {Xs};'_l of X

Method:

1
1 initialize: gy=—7- > x, I=12..%
|Ss|x=S,

2. Each datapoint x; € 5 1z assigned to the cluster center i
3 Each datapointx, € X — 5 1z assigned to its closest cluster center.
4. Each cluster center & is updated to be the mean of its constituent data points.

5. Bepeat 3 and 4 until E-means objective function is optimized.

Fig. 3. CSK-means clustering algorithm

3.3 ISK-Means

In ISK-means, an incomplete seed set is used to initialize the k-means algorithm. Thus,
rather than CSK-means, the key point of ISK-means is how to calculate the k — j
initial cluster centers when j of k initial cluster centers can be initialized with the

means of the ] partitions (S, (j<k)-

Partial random selection. A simple method to initialize the kK — j initial cluster

centers is selecting them randomly from the unlabeled dataset, which is called
partial random selection. We can call it ISK-means P, short for the ISK-means
algorithm with the method of partial random selection. The algorithm is presented
in detail in Fig. 4.
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Easy to analysis, this algorithm has a better performance than unsupervised k-
means, but the method of partial random selection still can make it get stuck in poor
local optima.

Algorithm: I5E -means ¥

Input: a dataset & = {x,x,, .., x5, number of clusters k, set 5= U'E-_lSi,j <k i3
an incomplete seed set

Output: k-partitioning {X:}?.1 of &

Method:

1. Imtialize:

la Caculate 7 of & imitial cluster centers: gy = x, I=12..,]

|SS |X'=3u

1b. Select k— initial seeds from set X — 5 randomly

2. Each datapeoint x; € ) 15 assigned to the cluster center i,

3 Each datapointx; € X =5 1s assigned to its closest cluster center.

4. Each cluster center £ is updated to be the mean of its constituent data points.

5. Eepeat 3 and 4 until K-means objective function 15 optimized.

Fig. 4. ISK-means * clustering algorithm

Max-distance searching. In fact, the Seed Set covering ] categories has provided a
priori knowledge for the rest of the k — j categories. These k — j initial centers
should be far away from the j initial centers calculated by equation (2), because the

distance between different categories must be as far as possible in a clustering
problem. So it is a better idea to choose the farthest data point away from known j

initial centers as the (j+1)th initial center than random selection. This calculation
method of initial centers is described as below.

e For the ] categories covered in § = ULI S, j<k
1

= x 2 1=12..] 2
IS, |,

H,
e Choose the farthest data point away from known j initial centers as the
(j+1) thinitial center:

Uiy =X, :when,maxinf —,U,H 3)
=1

e Repeat step b2 until that all of k initial centers have been obtained.

An example of max-distance searching method is presented in detail in Fig. 5, and
we can get a useful conclusion from it. These initial centers generated by max-
distance searching have very good dispersion, which is in accord with the most
important feature of clustering: distances between different clusters need to be as far
as possible.
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Furthermore, these initial centers can improve the performance of clustering
algorithm. We can call it ISK-means ™, short for the ISK-means algorithm with
method of max-distance searching. The algorithm is presented in detail in Fig. 6.

step 2: get step 3. get 2,

Fig. 5. An Example of Max-distance Searching Method

Algorithm: I5E -means ™

Input: a dataset & = {x,x,...., iyt , number of clusters k, set 5= U‘;_lS's LAk s
an incomplete seed set

Chutput: k-partitioning {Xs}f_l of X

Method:

1. Trutialize:

la Calculate j of & initial cluster centers: L = x, I=12,..,7

| SE | mely

b, Search & — initial cluster centers from set & — 5 using max-distance
searching

2. Each datapoint x;, € 5 iz assigned to the cluster center i

3 Eachdatapointx, € X — 5 iz assigned to its closest cluster center.

4. Each cluster center 4; 13 updated to be the mean of its censtituent data points.

5. Repeat 3 and 4 until E-means objective function 15 eptimized.

Fig. 6. ISK-means ™ clustering algorithm
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4 Experiments

In our experiments, we made use of five UCI datasets [11], i.e. wine, iris, balance,
sponge and spectf heart, and one text dataset of practical documents which had been
downloaded from the sohu.com website. Its distribution has been shown as table 1.
For each dataset, we ran four algorithms: Unsupervised K-means, CSK-means, ISK-
means °, ISK-means ™, and obtained a complete set (for CSK-means) and an
incomplete set (for ISK- means P and ISK-means ™) from the dataset by randomly
selection. In all cases, results are averaged over 100 runs, and the accuracy was used
to evaluate the performance of these algorithms.

Table 1. Distribution of text dataset

ID Category Name Total
1 Finance and Economics 60
2 Sports 80
3 Cars 84
4 Game 86
5 Tourism 76
6 Military affairs 65
7 House Property 45
8 Education 50
9 Healthy diet 66
10 Constellation 38

4.1 Results on UCI Data Sets

Table 2 presents the experimental results on five UCI datasets.

Table 2. Results on UCI datasets

Set C |1 D | K-means | CSK-means | ISK-Means? | ISK-means ™
wine 3 178 | 13 | 0.59 0.65 0.62 0.63
iris 3 150 | 4 | 0.83 0.89 0.88 0.88
balance | 3 625 | 4 0.38 0.45 0.39 0.44
sponge | 12 | 76 | 45 | 0.35 0.59 0.38 0.51
spectf 73 | 267 | 45 | 0.25 0.51 0.38 0.46

Note: C-the number of categories, I-the number of instances, D-the number of dimensions.

We can draw the flowing conclusions via analyzing these results:

Conclusion 1: There are few differences among the performances of these four
algorithms if the number of clusters is small such as wine, iris and balance datasets.
The main reason is that usually unsupervised k-means can get the global optima
through numbers of experiments (over 100 times) when the dataset is a convex
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dataset with small number of clusters. It is difficult to learn more knowledge from a
seed set unless the situation that dataset itself has some noise points which are ticklish
in unsupervised k-means but noted clearly in the seed set.

Conclusion 2: If the number of clusters is bigger, such as sponge and spectf heart
dataset, the performance of CSK-means algorithm exceeds others. It illustrates that
given more supervision can promote better performances of algorithms [12-13].

Conclusion 3: Especially when the seed set is incomplete, the performance of ISK-
means " is quite similar with CSK-means whereas higher than ISK-means . It shows
that the initial cluster centers derived from max-distance search method are good
discrete, meanwhile they are nearly as good as initial cluster centers obtained by
complete seed set.

4.2 Results on Text Dataset

For the documents dataset, a vocabulary of 7,162 words except the stop words was
generated. Each document is represented as a vector in a 7,162 dimensional space,
with TFIDF weighting [14].

Table 3 shows the experimental results on the text datasets. We can conclude that
CSK-means algorithm can get the global optima in the case of complete seed set, and
ISK-means ™ algorithm can obtain better results than ISK-means ” in the case of
incomplete seed set. However, it is difficult to get a complete seed set actually. In
contrast, it is easier to get incomplete one. Therefore, in practical applications it is
more valuable to study the algorithms on incomplete seed set basis.

Table 3. Results on text dataset

Set | C 1 D K-means | CSK-means | ISK-Means? | ISK-Means ™

text | 10 | 600 | 7162 | 0.52 0.81 0.62 0.74

Incomplete seed sets are different in number of partitions and data quantity in per
partition. So what effects would different incomplete seed sets have on ISK-means?
Based on this question, firstly we changed the number of partitions but maintained
seed quantity in per partition as 10%, and we got the experimental results as shown in
Fig. 7 by means of operating ISK-means ™ and ISK-means ? algorithms again.

o i——'._—l-_‘—-I——"‘——I——"_—L_‘—'I——'._ ]

)
o O
g
=1 N Ce2

I3E-meanz p

ISE-means m
—+—K-means
—s—C5E-means

Accuracy
=
(=77

0 1 2 3 4 5} 4] ki 8 9 10
Mumber of partitions(seed mantity = 10%)

Fig. 7. Incomplete seed sets with different number of partitions
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Fig. 7 shows that as the number of partitions increase in complete seed set, the
performance of ISK-means P is a linear growth, whereas for ISK-means ", the
improvement of performance is gradually weak when the number of partitions in
incomplete seed set is close to that in complete seed set(actually when the number of
partitions > 4). Thus, it can be seen that ISK-means ™ algorithm can exploit its
advantages when the number of partitions in incomplete seed set is small.

Then we maintained the number of partitions be equal to 4 but changed the seed
quantity in per partition, and we got the experimental results as shown in Fig. 8 by
means of operating ISK-means ™ and ISK-means ? algorithms again.

Fig. 8 shows that when the number of partitions is constant, increasing seed
quantity in per partition can also improve performances of algorithms. ISK-means ?
can be improved significantly, because it has greatly narrowed down the random
searching region with increase of seed quantity. However it is weak to assist ISK-
means " in searching the k — j initial cluster centers by increasing the quantity of
seeds in the j seed sets of an incomplete seed set when 10% seeds in per partition
have been obtained.

iR I5K-means p

0.65 —+—FK-meanz
055 —#—C3E-means

z 4—0——*"*\"(_,_4———'——+—~*"‘-—-,__.__¢

0 10%  20%  30%  40% S0% BO%  TOR  S0%  90%  100%

=
(]
g 0.73 ISK-meanz m
[&]
4

geed quantity in per partition [j=4)

Fig. 8. Incomplete seed sets with the same number of partitions but different number of seeds

5 Conclusion

In this paper, we explained how semi-supervision can be incorporated into the k-
means algorithm by means of optimizing initial cluster centers. We divided the
supervised information into complete seed sets and incomplete seed sets, so that we
could divide semi- supervised k-means into CSK-means and ISK-means. CSK-means
can get the initial cluster centers by calculating means of a complete seed set.

However, ISK-means can only get part of initial cluster centers by calculating
means of an incomplete seed set. ISK- means ™ gets the other centers by max-distance
searching method, while ISK-means ? gets them by randomly selecting. Experimental
results demonstrated that CSK-means has great performance on complete seed set and
ISK-means ™ has more advantages than k-means and ISK-means ? on incomplete seed
set.
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Abstract. Fuzzy decision tree induction algorithm is an important way with
uncertain information. However, the current fuzzy decision tree algorithms do
not systematically consider the impact of different fuzzy levels and simply
make uncertainty treatment awareness into the selection of extended properties.
To avoiding this problem, this paper establishes a generating Hartley measure
model based on cut-standard, subsequently, proposes fuzzy ID3 algorithm
based on generating Hartley measure model, finally, the results of the
experiments indicates that the model is feasible and effective.

Keywords: Generating Hartley measure, the level importance function,
generating fuzzy ID3 decision tree algorithm.

1 Introduction

Classification is an important goal and mission of data mining, then the decision tree
classification algorithm is an important way to implement classification. It originated
in 60 years of the 20th century, was raised by Hunt and others [1] in researching the
concept learning system. In 1986, Quinlan [2] proposed the famous decision tree
induction algorithm (i. e. ID3 algorithm). The idea of the algorithm is that using
information entropy theory based on Hartley measure to select the property with the
maximum information gain value as extended attributes in the current sample set, and
iterative method is used in growing a new leaf node in the nodes of corresponding
subsets, until the non-separable samples, no the remaining property or samples belong
to a category. However, this method has some shortcomings, such as tending to
choose higher property values, anti-noise ability is poor and can not handle data with
missing values and so on. On this basis, then scholars appeared C4.5 [3], SLIQ [4],
SPRINT [5] and some scalability decision tree algorithms for the crisp set. However,
these algorithms can only deal with data information whose property values and
classification values are accurate, can not deal with uncertainty data information about
people's thinking and feeling. To avoiding this problem, many scholars have
researched some decision tree algorithms in fuzzy environment with fuzzy set theory
(e.g. [6-9]), where, Fuzzy ID3 and Min-Ambiguity algorithms are typical. Fuzzy ID3
algorithm uses fuzzy entropy to select extended properties, is an extension of ID3
algorithm, however Min-Ambiguity algorithm uses the uncertainty of possibility
distribution to select extended properties, is suitable for fuzzy classification database.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 188-]193, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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It is worth noting, the current fuzzy decision tree induction algorithms do not
systematically consider the impact of different fuzzy levels, do not simply make
uncertainty treatment awareness into the selection of extended properties. To avoiding
the lack of current algorithms, generally considering the importance level and size of
the cut set, this paper establishes a generating Hartley measure model with structural
characteristics in fuzzy sets and uses it in uncertainty measure of fuzzy partition, then
proposes extended attribute selection model based on generating Hartley measure
model, finally, the results of the experiments indicates that the model is feasible and
effective.

In order to facilitate narration, let Q ={x, x,,---,x,} be a finite set, F(QQ) be the
family of all fuzzy subsets on Q. For Ae F(Q), let A(x) represent the membership
function of A, and A, = {x|A(x) > A} represent A—cut of A.

2  Generating Hartley Measure on Fuzzy Subsets

In 1928, Hartley proposed Hartley measure [10], the basic idea is using H(A) =
log, | Al to measure the non-prescriptive of the finite set A (where, | Al represents
the number of elements in A). In order to establish information treatment method in
fuzzy environment, Shafer [11], Higashi and Klir [12] separately established Hartley
measure model of fuzzy subsets on different angles (here we make the appointment
log,0=0):

H(A)=log, X" A(x,), (1)
H(A)=[) log, | A, 1dA, )

and discussed the build problems of fuzzy decision tree. Although the two models
were both the extension of Hartley measure model, they did not systematically
consider the impact of different fuzzy levels.

Because fuzzy set can depict its basic features by level cut set, cut-standard reflects
the consistent degree between the elements of cut set and fuzzy concept, so, the
reliability of fuzzy decision is different based on the cut set of different levels.
Generally, the higher (lower) cut-standard is, the higher (lower) the reliability of
fuzzy decision based on the cut set is. In order to reflect systematically the above
characteristics of fuzzy information in fuzzy decision, we give the pseudo-elements of
fuzzy set and the conception of generating Hartley measure as follows:

Definition 1. Let W(1) be a monotonous level importance weight function on [0,1]
(i.e. W() is a reflection from [0,1] to [0, e), and satisfies: 1) Piecewise continuous,
2) Monotonous nondecreasing, 3) j(;W(/”L)d/1=1). For Ae F(Q), we call (3) for the
pseudo-elements based on the weight function W(4) of A, and call (4) for the
generating Hartley measure based on the weight function W(4) of A. Where, | A, |
denotes the number of elements in set A, , and we make the appointment log, 0=0.

M(A)=[WA)IA,1dA, (3)
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H(A)=[,W(Dlog, | A, 1dA, )

It is easily to see: 1) When A is the crisp set, M(A)=lAl, H(A)=log, |Al; 2)
When W(A)=1, M(A)=2", A(x;), (4) is namely (2); 3) When Ac B, M(A)<
M(B), H(A)YXH(B).

Theorem 1. Let Q={x,x,,---,x,}, Ae F(Q), and A(x)>0,i=12,---,n, Q,,
Q,,---,€ be a partition of Q which satisfies the following conditions: 1) For each
Q , when x, ye Q, , A(x)=A(y) £ A, 5 2) For any different €, and Qj , when
xeQ,, yeQ,, A(x)# A(y); 3) When A <A << 4,, for any level importance
weight function W(4), then

M(A) = ZT:] W_,' (n_zli;i nk) s (5)
H(A)=3X" w,log,(n-X; n,). (6)

Where, w, = J;,', ] W (A)dA, n; = Qj | represents the number of elements in Qj , here
we make the appointment 4, =0.

This theorem can be directly proved by the properties of integration. It gives a
method of calculating generating Hartley measure value, when calculating H(A) , let
Q be suppA={xlxe Q, A(x)>0}.

Intuitively speaking, W(1) depicts the impact degree of cut-standard A to the

research question. In reality, according to the properties of the research questions and
different emphases, we can select the specific form.

3 The Standardized Description of Fuzzy ID3 Algorithm

In the recursive and structure process of decision tree, fuzzy ID3 algorithm [13]
adopts the divide and conquer strategy, i.e. using the fuzzy classification entropy of
the attribute-value as heuristic function of expanded attributes, selecting the smallest
classification fuzzy entropy of the attribute as expanded attributes. Here, we make the
appointment: E={1, 2, ---, N} denotes the training set, A={A;, A,,---, A,,} represents
condition attribute set, range (A)={A;, Ap, -, A,, } represents the range of the
attribute A;, range (C)={cy, ¢,---, c,,jrepresents the range of the decision attribute,
then: 1) In fuzzy environment, attribute-value can be considered as fuzzy set to the
training set E={1, 2, ---, N} (i.e. N dimensional fuzzy vector on E); 2) The nodes of
the decision tree can be considered as fuzzy set on E. According to the above analysis
and appointment, the following is the implementation process of fuzzy ID3 algorithm
(where, for fuzzy set Bon E, M*(B)=2XY, B(i) represents the cardinality of B):

Step 1. For the current node D: a) For the given leaf criterion (0 < d <1), if there is a
k’e{1,2,---,n} such that fo(D)= 06, then D is a leaf node; b) If father node of D
has used all the condition attributes in branching process, then D is a leaf node.
Where, f,(D)=M"(DNc,)/M" (D).
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Step 2. If D is not leaf node, then calculate the fuzzy classification entropies
FE(D,A;) of the condition attributes A; which are not used by father node of D in
branching process, and select the smallest classification fuzzy entropy to the attribute
as expanded attributes( i.e. according to this attribute to branch).

FE(D.A) ==Y, “CE(DN 4)), ™
n ml.‘k m,.jk
E(DNA;) =—k§ n_; log, —~, 8

ij ij

Where, m; =M" (DN A,), m, = Z’;'zl m,,m.

i qk:M*(DﬂAjmck)’ ’TZUZZZﬂmijk'
Step 3. Repeat step 1 and step 2, until did not branch.

Step 4. Conversion the generating tree to the corresponding rules.

4 Generating Fuzzy ID3 Algorithm

From the implementation process of fuzzy ID3 algorithm, we can see this algorithm is
the extension of classical ID3 algorithm, fuzzy classification entropy is the extension
of crisp classification entropy. But because fuzzy classification is non-additivity, then
modify (8) to

n

E(DNA,)=-3 = log, =2 (8)

k=t 1y i
Obviously, this formula more satisfies the objective situation, and (7) is still the
extension of crisp classification entropy. But it is worth noting that whether (8) or
(8%), (7) does not reflect the impact of different membership degree. With the
discussion of Part 2, in order to reflect the impact of different membership degree, we
can use (3) as the cardinality measure model of fuzzy set, use (4) as the non-
prescriptive measure model of fuzzy set, when adjust m; in (7) to (7°), adjust

E(DNA;) in(8)to (8”).

m, =M(DNA,)=[WAIDNA,),1dA, (7)
n M.
E(DNA) ==X —HH(DNA; Ne)=H(DN 4. (87)
Where,  m, =M(DNA,Nc)=[WMDIDNANe), 1dA ,  m; =2 my

H(B)= [W(A)log,|B,1dA.

Obviously, after the adjustment, according to fuzzy decision tree algorithm which
is formed from step 1 to step 4 in Part 3 (i.e. generating fuzzy ID3 algorithm), this
algorithm is still the extension of classical ID3 algorithm, we can adjust the weight
function W(2) to reflect the importance of different membership degree.



192 F. Li and D. Jiang

5 Analysis and Comparison of Experimental Results

In this section, with a fuzzy attribute-value learning problems from examples (Table
1), we will compare and analyze the features and performance of generating fuzzy ID3
algorithm, where, the fuzzy condition attributes are Temperature, Outlook, Humidity
and Wind, the fuzzy decision attribute is Class. Figure 1 is the classification decision
tree based on fuzzy ID3 algorithm [14], while the classification decision trees based on
generating fuzzy ID3 algorithm are Figure 2~4, where, the leaf-standard & is 0.8.

Table 1. Training Set with Fuzzy Representation

Temperature Outlook Humidity Wind Class

Not- Volley Swim Weight
windy -ball -ming -lifting

Hot Mild Cool Suny Cloudy Rain Humid Normal Windy

1 07 02 01 10 00 00 07 03 04 06 00 06 04
2 06 02 02 06 04 00 06 04 09 01 07 0.6 0.0
3 00 07 03 08 02 00 02 038 02 08 03 0.6 0.1
4 02 07 01 03 07 00 08 02 03 07 09 0.1 0.0
5 00 01 09 07 03 00 05 05 05 05 1.0 0.0 0.0
6 00 07 03 00 03 07 03 07 04 06 02 02 06
7 00 03 07 00 00 1.0 08 02 0.1 09 0.0 0.0 1.0
§ 00 10 00 00 09 01 01 09 00 1.0 03 0.0 0.7
9 10 00 00 10 00 00 04 06 04 06 04 0.7 0.0
10 07 02 01 00 03 07 08 02 09 01 00 03 0.7
11 06 03 01 10 00 00 07 03 02 08 04 0.7 0.0
12 02 06 02 00 10 00 07 03 07 03 07 02 0.1
13 07 03 00 00 09 01 01 09 00 1.0 0.0 04 06
14 01 06 03 00 09 01 07 03 07 03 1.0 0.0 0.0
15 00 00 10 00 03 07 02 038 08 02 04 00 06
16 1.0 00 00 05 05 00 1.0 00 1.0 00 07 0.6 0.0

The related information (including the number of node, the number of leaf, depth
and average accuracy ) from the above decision tree is listed in the Table 2. We can
know from the table, the value of the decision tree based on generating fuzzy ID3
algorithm is better than the value of the decision tree based on fuzzy ID3 algorithm.

Where, for the three selected weight function W(4), when W, (A)=1.5J4 , the

category superiority of decision tree is the strongest. This shows, when selecting
appropriate weight function W(1), that can generate the decision tree with more
effective classification and higher accuracy. Thus indicates that the generating fuzzy
ID3 algorithm is feasible and effective.
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Outlook
Sumudy
[Humidity] W(1%) [Temperature]
Humid Normal Hot ild Cool
[Temperature] [Temperature] [Wind] [Humidit] V(90%)

Hmol Hmool W&dy Hu%ormal

S(93%)V(85%) V(92%) S(94%) S(82%) V(92%) S(88%) V(87%) [Wind]

V(82%) %
Wihdy

V(83%)

Fig. 1. The decision tree based on fuzzy ID3 algorithm

Outlook
Sunnmudy
[Humidity] W(O1%) [Temperature]
Humid Normal Hot Mild Cool
[Temperature] [Temperature] [Wind] [Wind] [Wind]

Hot Mild Cool Hot Mild Cool Windy Windy Not-Windy Windy Not-Windy
S(93%) V(83%) V(92%) S(94%) S(82%) V(92%)S(88%) V(88%) [Humidity] V(90%) V(89%)

Hu*m'd

V(87%)

Fig. 2. The decision tree based on generating fuzzy ID3 algorithm for W,(1) =24

Outlook
Sunny Rain Cloudy
[Temperature] W(91%) [Temperature]
Hot d ool Hot d Cool

S(86%) [Wind]  V(93%) [Wind] [Wind] V(90%)

Wi*dy Wi&dy Wi*dy

V(83%) S(88%) V(82%) V(88%)

Fig. 3. The decision tree based on generating fuzzy ID3 algorithm for W,(1) = 1.5J2
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Temperature
Ho Mild Cool
[Outlook] [Outlook] [Outlook]

et g g AN

Suny Cloudy Rain Sunny Cloudy  Rain  Suny Cloudy Rain
S(86%) [Wind] W(89%) [Wind] [Humidity] W(87%) V(93%)V(90%) W(89%)

Wi*dy W&dy Hu‘m'rmal

S(88%) V(83%) V(87% )[Wind]

V(82%) *
Wihdy

V(82%) S(82%)
Fig. 4. The decision tree based on generating fuzzy ID3 algorithm for W,(1) = 34"

Table 2. Database Summary

Database Fig. 1 Fig. 2 Fig. 3 Fig. 4
The number of node 7 7 6 6
The number of leaf 11 11 7 10
Depth 5 5 4 5
Average accuracy(%) 88.25 89.10 87.63 86.45

6 Conclusions

In this paper, with the discussion about level importance and size of the cut set, we
consider the different impact of different fuzzy levels and simply make uncertainty
treatment awareness into the selection of extended properties. First, we establish a
generating Hartley measure model in fuzzy sets and use it in uncertainty measure of
fuzzy partition, then propose the extended attribute selection model based on
generating Hartley measure model, i.e. generating fuzzy ID3 algorithm. Finally, the
results of the experiments indicates that we can generate the decision tree with more
effective classification and higher accuracy by using this algorithm. Thus illustrates
the model is feasible and effective, preliminarily implements the optimization of
fuzzy ID3 algorithm. Of course, about a more detailed discussion and more extensive
example shows of this model, we will continue to work in the future.
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Abstract. Naive Bayes classifier is widely used in text classification
tasks, and it can perform surprisingly well, it is often regarded as a
baseline. But previous researches show that the skewed distribution of
training collection may cause poor results in text classification. This
paper presents a new method to deal with this situation. We introduce
a conditional probability which takes into account both the information
of the whole corpus and each category. Our proposed method performs
well in the standard benchmark collections, competing with the state-of-
the-art text classifiers especially for the skewed data.

Keywords: Text classification; naive Bayes classifier; skewed data; con-
ditional probability.

1 Introduction

Text classification is a task which assigns the text documents with predefined cat-
egories, and it’s widely used in natural language processing. Naive Bayes is based
on an independence assumption that the features in a document are independent.
Although this assumption is violated in natural language, Domingos et al.[2] show
that the naive bayes classification can still perform surprisingly well.

There are mainly two models to model the generation of documents: multivari-
ate Bernoulli model and multinomial model. Multivariate Bernoulli model uses a
binary attribute to indicate whether the special word occurs in the document|[5];
while multinomial model incorporates the frequency information compared with
multivariate Bernoulli model[9]. Recent researchers usually regard the multino-
mial model as a baseline in text classification.

Although the naive Bayes is frequently used in text classification, there exist
a lot of problems to improve. One systemic problem is that the training sample
may be not uniform, some researchers call this occasion as skewed data[4], when
one class has more training examples than another, or the training documents
in one class are longer than another, naive Bayes usually prefers one class over
the other[9]. Another problem is that the naive Bayes assumption ignores the
relationship between words, meanwhile the parameter estimation is too rough.

* Corresponding author.

Z. Gong et al. (Eds.): WISM 2011, Part 11, LNCS 6988, pp. 196-R03] 2011.
© Springer-Verlag Berlin Heidelberg 2011
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For skewed data, Sang-Bum Kim et al. [4] proposed a per-document length
normalization approach based on multivariate Poisson model to improve the in-
fluence by long documents and short documents. Jason D. M. Rennie et al.[d]
introduced a “complement class” to estimate parameters using data from all
classes except C;. For parameter estimation, Kamal Nigam et al.[7] used max-
imum entropy to estimate probability distributions. katz et al.[3] found that
occurrences of the same word in a document are revelent, they called this occa-
sion burstiness. GuoQiang[8] proposed a transformation to the word frequency,
which aimed to push down the word frequency to some extent. Ben Allison[I]
advocated the use of a joint beta-binomial distribution for word counts in doc-
uments for Classification. Meanwhile feature selection is an important prepro-
cessing step for dimension reduction. A statistical methods CHIR was proposed
to select features[6]. Karl-Michael Schneider proposed a feature scoring function
named CRQ(Cluster Representation Quality) to select features, this function is
based on distribution clustering[I1]. But with the feature selection method, one
should determine the number of feature selected for each class, while how to
determine the optimal number is still a challenge.

In this paper we propose a method to improve naive Bayes classification by
introducing a new conditional probability based on the Bayes’ theorem. We use
this probability to estimate the probability of a particular feature belonging to a
given class, and its estimation takes into account the global and local information
of the training data. The experiments show that our proposed method performs
well, especially for the skewed data.

This paper proceeds as follows. Section 2 presents the general framework
for standard naive Bayes classifier. Then our proposed approach is discussed in
Section 3. Experimental results are presented in Section 4. Finally, Section 5
concludes our paper and gives a future plan.

2 The Naive Bayes Probability Model

In the Naive Bayes probabilistic model, we define C' as the set of predefined
categories, C consists of m components, C={c1,ca,. . ., }, we define P(c;|d;) as
the probability that a document d; belongs to a class c;, the classifier selects the
class with the maximum probability as the result class, P(c;|d;) is calculated by
the Bayes’ theorem as follows:

P(c;)P(dilc))

P(d)) M)

P(ej|di) =
where p(d;|c;) represents the distribution of documents in each class, it cannot
be estimated directly. But based on “naive Bayes assumption”, the document d;
is treated as a multinomial distribution of features wy, with the length of d;[5],
thus we estimate p(d;|c;) as follows:

n

p(dilcj) = H (wg ;)M and ZPwk|cj) (2)

k=1 j=1
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Let Ng; be the counts of wy in document d;, m is the number of categories, n is
the vocabulary size of document d;. Since d; is constant and can be ignored:

n

P(cjld;) H (wgey) e 3)

Where P(c;) and P(wg|c;) are priori probabilities estimated from the training
data. P(c;) represents the probability of category c;, P(wg|c;) represents the
probability of the feature wy, in category c;, it can be calculated as follows:

Np; +1

N;+m )

P(wg|c;) =
Where Ny; is the counts of occurrence for wy, in category c;, INV; is the numbers
of words for category c;.
We can see from formula (@), the multinomial model treats all the training
documents for a given class as a big document, and discards the affection by the
length of documents and the number of training documents in each category.

3 Proposed Method for Improving Naive Bayes Text
Classifier

In standard naive Bayes classifier, we mainly calculate the conditional probability
P(wg|c;). While in our approach we introduce a new conditional probability
P(cj|wy) by using the Bayes’ theorem again:

P(wg|c;) = Pl |;U(kc)§(wk) (5)

Since d; is constant and can be ignored, (2) is rewritten using (&) as:

Pty = Pe) TT (! ) 0

k=1

In traditional naive Bayes classification, we mainly estimate the probability of
a given class generating a word, this estimation is under the condition of a
given class. We can say it is estimated in a local view without considering the
whole training data, even in a local view, it still does not take into account
the distribution in each category. We know a short document usually consists
of more essential features to express its topic, and a long document usually has
more unnecessary words, it decreases the probability of category c; with more
long documents generating a feature wy. Our proposed method transforms to
estimate the probability of a given feature belonging to a category, which can
be calculated both in a global view and a local view, we will explain it later.

In (@), P(cj|ws) reflects the relationship between features and categories , that
is how likely a particular feature given belongs to a category, it is somewhat
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similar to the concept of dominance which is used in a temporal weighting func-
tion mentioned by L. Rocha et al.[I0]. The normal way to calculate P(c;|wy) is:

(7)

Let dj; be the number of the documents in category c; with the feature, and Dy,
be the total number of the documents in all categories with the feature. We can
see that this calculation does not take into account the number of documents
in each category, if a category c; has more documents than another category c;,
the probability for wy, in ¢; is likely higher than in ¢, even though wy is more
likely to be for c¢;. We list two other methods to calculate P(c;|wy) as follows:

di; +1

Pleslun) = 7 7

nE; + 1

Pileslun) = o ! ®
nk; + 1

Pa(eshon) = 19 )

Where ny; represents the total counts of occurrence for wy, in category c;, N,
and N represent the number of words in all categories and the total counts
of occurrence for wy in all categories. In order to smooth the effect of long
documents, we transform (@) to (I0) with N.; which represents the numbers of
words for category c; :

nkj

Pa(ejlwr) = (Ni +m) * Ng;

(10)
Let’s analyze the above two formulas. Formula (8)) treats the whole training data
as an entity, and calculates the proportion of the counts of occurrence for wy
in category c; to all words in the whole training data, we call it as global in-
formation here, Formula (I0]) is mainly affected by the numbers of words in the
category, and we call it as local information here. Then we estimate P(c;j|wy)
using both global information and local information as follows:

P(cjlwi) = Pi(cjlwr)® Pa(cjwg) '~ (11)

In (), since the two parts have different intention in estimating P(c;|wy), we
use a parameter « to balance the effect of two functions, and « is determined
empirically, we will discuss the relationship between the distribution of corpus
and different values of « in the following experiments. Using (1) in (@) is:

- « Cilw )= Nii
P(c;ld;) = P(c;) H (P1(0j|wk)P1(:;2j()J| k) >

k=1

(12)

4 Experimental Results and Analysis

4.1 Data and Evaluation Measure

We run experiments on two commonly used Chinese corpus in text categoriza-
tion, one is supplied by Shanghai fudan University and the other is by Sogou
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Lab. The first collection consists of ten categories, it is separated to have 1892
training documents, and 934 test documents, each training category has obvi-
ously different number of documents, it is that the distribution is skewed. The
second collection consists of nine categories, 991 messages from each category
were chosen randomly as training set, and 7200 for testing, the second collection
is uniform relatively to the first . And we use F1 measure of each category to
measure the classification performance.

4.2 Experimental Results and Discussion

We compare our classification performance with standard naive Bayes and a per-
document length normalization approach proposed by Sang-Bum Kim et al.[4].
This approach normalizes the term frequencies in each document according to the
document length, here we choose one simple and effective length normalization
method for the experiment:

Nii

Nlii = NF (13)

In (I3) NF indicates a normalization factor
NF =@ xavdl + (1 — ) xdl; (14)

Where Ny; indicates the number of word wj occurrence in document d;, avdl
and dl; represent the average number of words in a document d; and the number
of words in d;. Here we make a small change for convenience. We use the average
number of words and the number of words in a category instead of in a document,
and the number of word wj, occurrence in a category instead of in a document.

100 T T T T T T T T

: ; ' : standard naive Bayes F1 ——
: : : e length normalization F1 —
AR S R S— SR our improved F1

90 LAt NP S T TN SRR . (S

85 |-

F1 measure

80 -

T o A T S b

70
Traffic  Sports Military Medicine Politics Education Envi- Economy Art Computer
ronment

category

Fig. 1. Comparison of the performance of different classifications on collection from
Fudan University
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Fig. 2. Comparison of the performance of different classifications on collection from
Sogou Lab

In Figure[Il we observe that our proposed classifier significantly outperforms
the traditional multinomial naive Bayes and the length normalization method at
least when this collection is used. The highest improvement achieves to 11%. In
Figure Pl our method still outperforms the traditional multinomial naive Bayes
about 2% improvements, but not as significantly as the first experiment. Con-
sidering the data sets, the distribution of the second collection is uniform. Thus
from Figure[land Figure[2 it is possible to conclude that our method is effective,
especially for the skewed data set.
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parameter a

Fig. 3. Performance with various values of « on collection from Fudan University

We continue to discuss the relationship between the parameter « and the
distribute of collections. Figure [}l and Figure [ show the performance of our
method with various values of parameter «. Figure [3 shows that the micro F1
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Fig. 4. Performance with various values of « on collection from Sogou Lab

and macro F1 at « of 0.5 achieves the best performance for the first collection,
and the best range of « is between 0.2 and 0.9. Figure[d shows the micro F1 and
macro F1 at a of 0.3 achieves the best performance for the second, and the best
range of « is between 0 and 0.6.

From the experiments we can see that when the training data is skewed, a high
value o means that is P(c;|wy) is mainly determined by the global information,
our explanation for this conclusion is that when each category has different num-
ber of training documents, the information each category providing is different
obviously, thus treating the whole data as a entity is more suitable than each
category, and when the number of each category is the same, the probability
P(cj|wy) is mainly determined by the local information.

5 Conclusion

Most of the recent text classification researches focus on addressing problems
such as feature selection, length normalization and dimensionality reduction.
In this paper, we propose a approach with a novel conditional probability by
using the Bayes’ theorems twice, our method combines the global information
and local information to smooth the influence brought by the distribution of
training data. Experiments on two collections show that our proposed approach
can significantly improve the performance of classification, especially for the
skewed data, and the importance of global and local information is related to
the distribution of training data.

Many researches of further work remain. Our experiments results indicate that
there is no remarkable effect when the distribution of collection is uniform. We
will develop more suitable method to estimate the novel conditional probability,
and break the limit for uniform distributed data set.
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Mapping Data Classification Based on Modified Fuzzy
Statistical Analysis
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Abstract. Through analyzing and researching traditional mapping data
classification, and considering the fuzzy of classification, then a modified
mapping data classification is put forward, which is based on fuzzy set. First, gain
fuzzy sample set by expert system, and compute sample distribution function by
statistical analysis. Then, utilize distribution function to gained fuzzy membership
function, and working out the fuzziest point by membership function. Finally, in
according to the most fuzzy point, and achieve to classify mapping data. The
proposed method solves the problem of misconstruction of the original data, not
being generally used, complexity of computing and fuzzy classification in the
traditional mapping data classification method and practical process.

Keywords: fuzzy set, fuzzy membership function, the fuzziest point, mapping
data classification, Statistical Analysis, P-P probability map.

1 Introduction

Both classical formal logic and modern mathematical logic are accurate binary logics,
which are applying for precision objects and phenomena research. If they are used to
research fuzzy objects, a simplify operation are needed to change the fuzzy objects to
precision ones. Some fuzzy attributes are abandoned in the operation and a manmade
boundary line is designed to separate the object. However, the artificial separate line
is a kind of distorts to objects and this distort will become seriously near the line
especially. So a conclusion is made clearly that binary logics are not adapted to
complex objects. Based on fuzzy set, a modified mapping data classification is put
forward in the paper to avoid distort by hard-separate.

2 Basic Definitions

2.1 Mapping Data Classification Theory

Actually, classification is the common method to generalize the characteristics of
objects. Based on the classification of spatial and attribute data, thematic maps are
designed to reveal the regulations of objects distribution and development.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 204-R10, 2011.
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(1) Mapping Data Classification Fundamental

a. Get the number of classification
e In order to fix the number of classification, the map use and the requirements
of estimate accuracy should be taken into consideration.
e In order to fix the number of classification, the emphasis of area distributing
character should be taken into consideration.
e In order to fix the number of classification, the influence of map scale should
be taken into consideration.
e In order to fix the number of classification, the distributing character of data
should be keep well.
e  On condition of the map use requirements of statistical accuracy, the number
of classification should be decreased. And
e  The method of data expression should be taken into consideration also.
b.  Get the boundary
e The fixed boundary must meet the difference in the same class is minimum
and the difference between classes is maximum.
There is at least one in any class and any data belong to a class.
The boundary might be contiguous or non-contiguous decide by the data
character.
It is better to select a contiguous boundary to help user read and memory. And
e  Boundary should be nearest integer to enhance the readability.
(2) The Traditional Methods of Mapping Data Classification
The traditional methods of mapping data classification include sequence classification,
series classification, mean-standard deviation classification, nested mean classification,
quintile classification and stepwise pattern recognition classification. All of them will
lead to hard plot to data and it is full of fuzzy in real classification problems and the
detailed algorithms have been proposed in [2].

2.2 Fuzzy Set Theory

If A is mapping of discourse domain X to [0,1] LA X > [0,1],)( — Z(X)
that:i is a fuzzy set of X and :{(x) is member function of A As we know,
A -fuzzy set of X is a function of X — [0,1], so that the first task is to define the

member function Z(x) . We can define Zi(x) by the methods of fuzzy statistic,

dualism-based comparing sort, set-valued statistics, interpolation and increment
method, etc.

3 The Method of Mapping Data Classification Based on
Modified Fuzzy Statistical Analysis Selecting a Template
3.1 Problems Existed in the Traditional Mapping Data Classification

Both series classification and progression classification are simple to calculate and the
change of boundary is regularly. They are suitable for understand and comparative
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analysis. However, boundary is separated from data distributing character so that
information of raw data might be distorted in these ways. Average value-standard
deviation is only suitable for normal distribution or approximating normal
distribution. Nested average value is suitable for average distribution and the number
of class must be even number. Quintile distribution classification is suitable for the
classification of level data. Maintaining the Integrity of the Specifications.

3.2 The Traditional Multivariate Statistical Analysis Models Used in
Classification [3]

We set the research object as y and the independent variables related with y are
xi = (xliale"""xmi)ai :1929'“9’19

where 7 is the number of samples. The linear model is formally defined as

y,=b,+bx,+---+b x  +E& 1)
Namely
y=XB+¢ 2)
lxll x12 xlm _ T
y_(ypyz,"',yn)
— 1x21 x22 me T
where X = : and B:(bo,bl,...,bm)
T
lxnl X " X 82(81’825"'58,1)

Commit lest square estimation to formula (2) and we can gain the formula as
follows:

B=(X"X)"X"y 3)

We achieve the estimation of Y by the formula y =X B through putting the

formula (3) into formula (2) in order to construct the liner membership function with
multi-variables that is defined as

A(x)=0!+c(bAo+Zl;i X;) )

i1
Where ¢ and C are gained by experience on the premise of making A(x) € [0,1].
Give the thresholds A, , for example, we should gain the value of A, and A, if we
would plan to get three classifications, and the first classification is{ yIA(x) 2 /11} ,
the second one is {y |4 > A(x) 2 A4,}, so the third one is {y | A(x)<A,}. We

realize the classification of independent variables in terms of the thresholds ﬂl .
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3.3 Proposed Model

To the traditional classification based on the fuzzy statistical analysis, we need to get
the correlated factors that affected the change of independent variable. Meanwhile,
when the number of factors is too many, or correlation is existed between each factor,
a series of data process such as projection, rotating and principal component analysis
will be done before least square estimation in order to make the factors independent
and the number of factors is suitable. It is too complicated and the processed factors
can’t reflect all of the original information. And the parameters in the traditional
methods are selected by experience in some cases as well, so the classification
achieved by this method is uncertain, and furthermore, we can’t make vertical
analysis to estimate the classification. In the modified method, we get the fuzzy
region of each classification through expert knowledge. Then, get the approximate
distribution through histogram of each fuzzy region in order to gain the fuzzy

membership function A:(x) based on hypothetical test not through finding the
correlated factors. Finally, compute the fuzziest points of each fuzzy membership
function through the equation A, (x)=1/2 and accordingly achieve the classification

by the fuzziest points in order to avoid parameters selected by experience. For
example, if we want to estimate the level of some cities’ industrial growth. Firstly,
translate the concept of industrial growth level into a ten level rating system and make
scores for each city in order to get the fuzzy regions of industrial growth level in
cities. Secondly, gain the data distribution through each fuzzy region to achieve the
fuzzy membership function. Finally, compute the fuzziest points to grade the
industrial growth level in cities. The steps of modified method put forward in this
paper can be summarized in the follows:

Step 1: Gain the number of classification;

Step 2: Gain data regions and concepts of each fuzzy set;

Step 3: Gain fuzzy sample set in terms of expert system;

Step 4: Compute distribution function of fuzzy sample set by statistical analysis,

namely membership function A, (x) (n=12,---,n);

Step 5: Work out all of the fuzziest points X ', and x 2 (x =12---,n)

nl < n2 4
~ 1
in each fuzzy sample set by membership functions A, (x) = 3 (n=1,2,--,n);

Step 6: Classify mapping data according to all of the fuzziest points, such as

[5052] (n=1)
|:x1, X /2) |:‘xlz+x21 /2 X+ /2) |:)§n-1)2 Xt /2 :|

On the one hand, the proposed method makes full use of prior knowledge of region
concept according to each fuzzy sample set gained by expert system in order to make
the classification more generic and more objective. On the other hand, the fuzzy
membership of each sample is defined by regulation of mapping data distribution, so
the classification boundary is gained by data and make the classification more
reasonable. Meanwhile, it isn’t be affected by the characteristics of mapping data
distribution either, so the modified method in this paper can be used widely.
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4 Experiments

In the experiment below, we describe the proposed model by make a thematic map of
the presentation of “children”, “junior”, “youth”,” middle age”, “old age” [5,6].

Y. Cheng, M. Xie, and J. Guo

Namely n=5, X =[0,100], Fuzzy set means “children”, means “junior”’, means

“youth”, means “middle age” and means “old age”. Each population research expert
has their opinion of the age of “youth”, we did a investigation of 129 experts and the
results showed in Table 1.

Table 1. The age of youth

18~25 17~36 17~28 18~25 16~35 14~25 18~30 18~35 18~35 16~25
15~30 18~35 17~30 18~25 10~25 18~35 20~30 18~30 16~30 20~35
18~30 18~30 15~25 18~30 15~25 16~28 16~30 18~30 16~30 18~35
18~25 18~25 16~28 18~30 16~30 16~28 18~35 18~35 17~27 16~28
15~28 16~30 19~28 15~30 15~26 17~25 15~36 18~30 17~30 18~35
15~28 18~30 15~25 15~25 18~30 16~24 15~25 16~32 15~27 18~35
16~35 15~25 15~25 18~28 16~30 15~28 18~35 18~30 17~28 18~35
16~25 18~28 16~28 18~30 18~35 18~30 18~30 17~30 18~30 18~35
16~30 18~35 17~25 15~30 18~25 17~30 14~25 18~26 18~28 18~35
18~28 18~30 18~25 16~35 17~29 18~25 17~30 16~28 18~30 16~28
15~30 15~35 18~30 20~30 20~30 16~25 17~30 15~30 18~30 16~30
18~28 18~35 16~30 15~30 18~35 18~35 18~30 17~30 18~35 17~30
15~25 18~35 15~30 15~25 15~30 18~30 17~25 18~29 18~28

Group by X , we can get Zl membership frequency about median, the histogram

is as Fig.1.

Frequency

00

Fig. 1. The histogram of A1 membership frequency about median
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P-P probability map is used to test the distribution [7]. If the data set be tested meet
the specified distribution, sample data point will distributed in a straight line. The test
of normal distribution and log - normal distribution to grouped data are as Fig.2 (a),
(b), (c) and (d).

From Fig. 2 we can know that grouped data meet normal distribution and
M ,=3.1413,0,=0.19993, membership function is:

2
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Fig. 2. The test of normal distribution and log - normal distribution to grouped data
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1
Namely A3(x)=5, we can getx; =17,x;, =30, which means the domain of

“junior” is[17,30]. By the same rule, we can acquire sample data of Zl , 22/ , Z; and

Z; based on the experiments of experts, find the membership function by sample
distributes and get domains of them: [0,10],[8,16],[33.52]and [50,100]. So the

Fuzzy separate domains are [0,9),[9,17),[17,32),[32,51),[51,100). The thematic
map of age group rate in each region is designed based on the classification as Fig.3.

FHEER R RIL R G EE

¢ v,
;. Ve @
. >
.

Fig. 3. The thematic map of age group rate in each region

5 Conclusion

The method of mapping data classification based on modified fuzzy statistical
analysis is an improvement of traditional multivariate statistical analysis. The
proposed method solves the problem of misconstruction of the original data, not being
generally used, complexity of computing and fuzzy classification in the traditional
mapping data classification method and practical process, and results of classification
are objective and reasonable also.
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Abstract. Internet is a rich and potential information base. It needs scientific
and effective methods in order to find interesting information. Researchers have
proposed many web clustering algorithms, but it spends too much time using a
simple kind of clustering algorithms, because the number of the web
information is huge. Considering the efficiency and the effect of the clustering,
in the paper, we use a two-layer web clustering approach to cluster for a number
of web access patterns from web logs. At the first layer, we use the LVQ
(Learning Vector Quantization) neural network to group the web access
patterns to several representative clustering centers. At the second layer, the
rough k-means algorithm is adopted to deal with the result of the first layer,
producing the final classifications. The experimental results show that the effect
is close to monolayer clustering algorithm the rough k-means, and the
efficiency is better than the rough k-means by using the two-layer web
clustering approach.

Keywords: web clustering, LVQ neural network, rough k-means algorithm, the
two-layer approach.

1 Introduction

With the rapid development of the network, there are a growing number of Internet
users. We need to analysis and cluster users’ access patterns from web logs in order to
realize users’ visiting activities more conveniently and exactly.

In 1974, Tou and Gonzalez [1] proposed the k-means clustering algorithm, whose
classifications are presented by their clustering centers. It has been widely used
because of its better effect. Kohonen [2] brought forward the LVQ neural network,
which is also important for clustering.

Traditional clustering algorithms make a pattern completely belong to a
classification or not. The results of the clustering are crisp classifications, which is
unreasonable. So the theories of the fuzzy and rough are used to cluster by more and
more researchers. Ruspini [3] gave conceptions of the fuzzy classification for the first
time and systematically described the fuzzy clustering. Bezdek [4] proposed fuzzy
c-means (FCM) algorithm, which uses the theories of the fuzzy set to group n patterns
to ¢ clustering centers with different subjections.

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 211-R18§, 2011.
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Lingras P [5] brought the theories of the rough to data clustering and proposed
rough clustering algorithm. De [6] applied rough approximation method to cluster
users’ access patterns from web logs.

In order to improve the efficiency of the clustering, we use a two-layer web
clustering approach. LVQ neural network is used to group users’ access patterns from
web logs to several representative clustering centers. In addition, the rough k-means
algorithm clusters for the result of LVQ. Using the approach, users’ access patterns
can be clustered more effectively.

2 Related Theories of the Fuzzy and Rough

Definition 1. The membership function [7] #F is defined as a function from
domainU to interval[0,1], where F is a fuzzy subset. The membership function f#F'

shows the degree how much (£ belongsto F .

Definition 2. Linguistic Variable [7] is defined as a multi-component
(x,T(x),U,G,M), where x is a variable name, 7(x) is the word set of x ,U

is the domain and G is the grammar rule. In the paper, put users’ access time ! as a
linguistic variable and its word set 7'(¢) is represented by

T(t) = {short,middle,long}.

Definition 3. According to Pawlak [8], upper approximation and lower approximation
of X C U defined as follows.

RX ={xeUl[x]c X}

RX ={xeUl[x]N X # ¢}
Here [x]is the equivalence classification which includes the element X in the
relation R .

Definition 4. According to Pawlak [8] X is rough in relation R if and only
if RX # RX , otherwise we say X is identifiable. So the rough set of X is defined
as an interval A (X) = (RX ,EX ) .All the elements in RX belong to X . But the

elements in RX may belong to X or may not.

3 Data Pretreatment

If a user visits a web page, it means that he is interested in the web page. And the
longer time a user stays on a web page, the higher degree interest the user has. Thus,

we use the two-dimensional array (url ,t ) to present a user’s access pattern. There,

url is the name of the web page which is visited by a user. And ¢ is the time stayed
on the related web page url .
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Definition 5. Url is a set of web pages visited by users.
Url ={url,,url,,...,url '}, where m is the number of web pages.

Definition 6. S is a set of users’ access patterns

S = {Sl 3855000y S, } , where 71 is the number of users’ access patterns.

Definition 7. s,is the ith user’s access pattern.
s, ={(urlyy 1), (urly 1), (url,, 1)}

I<p<m, url;eUrl, 1<j<p, where f;is the ith user’s time stayed on

the web page url,; .

3.1 Equivalent Dimension Treatment

Users’ access activities happen according to their interests. So the length of users’
access patterns is different to each other. In order to calculate more conveniently, we
represent a users’ access pattern as an equivalent dimension vector using (1).

to o if (urlt,)€ s,
hij: i i (wrly,t;)€ s;) W

0 otherwise

The ith user’s access pattern is represented as follows.

s, =<h hysh >

1

3.2 Fuzzy Treatment

We cannot exactly describe users’ access patterns and experts have certain
subjectivity when they make decisions. So we choose a triangle membership function
(Fig. 1) to establish the corresponding relationship between numerical value and

linguistic variable. Finally a users’ access pattern S, is represented as fi

\fi =< /’lshort (hil )’ /’lmiddle (hil )’ ﬂ[(mg (h[l )’
ll’lshorl (hi2 )’ ll’lmiddle (hi2 )’ ll’llong (hiZ )""’
ll’lshorl (him )’ ll’lmiddle (him )’ /’l[nng (him ) >

Herexe T(t), 1< j<m and i, (hij ) is the triangle membership function which is

showed in Figure 1.
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Membership
value

| short middle long

0 30 60 90  120Time(s)

Fig. 1. Membership function of time durations

And the distance between two equivalent dimension vectors is defined as (2).

\/Zm: vercn U (hy ) —u (hy, )’

k=1

d(fi’fj):

m

4 Web Access Patterns Clustering Based on LVQ Neural
Network and Rough k-Means

@)

In the two-layer web clustering approach, LVQ neural network is adopted, which can
reduce the time complexity of the whole clustering and increase the efficiency. But
the LVQ neural network is sensitive to initial parameters, which makes the result of
the clustering is unsatisfactory. So we combine the LVQ neural network with the

rough k-means to improve the effect of web clustering.

4.1 Web Clustering Using LVQ Neural Network

LVQ (Learning Vector Quantization) neural network is proposed by Kohonen, which
can be used to cluster for web access patterns. LVQ is a winner-take-all and
unsupervised neural network, which is composed of the input layer and the output

layer. Its network structure shows as Figure 2.
Hshort(hi l)
Hmiddie(hi1)

Hlong(hil)

Hlong(him)

Fig. 2. LVQ neural network structure
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The swatch is the set of users’ access patterns S and n is the number of the

swatch. The number of the input layer is 3m .The number of the output layer is ¢
that is also the number of clustering centers. The connection between input layer

neuron and output layer neuron is absolute. The set V ={v,,v,,...,v_} is used to

describe weights between them. After training, the victorious neural will output 1,
others will output 0.

Algorithm 4.1. web clustering using LVQ neural network
Input the set of users’ access patterns S

Output c clustering centers v, , 1 <i < ¢
Step 1. Choose ¢ users’ access patterns for the initial clustering centers
Vo ,1 <1 < ¢ .Set the number of clustering centers ¢ ,the error value &€ (€ > 0 )and

learning factor & € (0,1) Select a value for the maximum number of iterations

nmax °
Step 2. For 7=1t 77 ..
For k=1 to n

e  Find the victorious neuron to fk according to (3).

Il f, =, P=min{ll f, —v,, I} . 3)

1< j<c
e  Update the weight of the victorious neuron using (4).
Vigst = Vit anhi,j,k (fe =Vviy) - 4)
L ifG@#))
Here N, ;, = Co T
0 ifG=)

Before updating the synaptic weight, we need to save the value of v, , for the
following calculating.
e Calculate the error value by (5).
E, =V, =V, 1= 3 1v, 00 =V | 5)

k=1 j=1
If E, <& stopElse

)

max

o, =0, (-

(6)

Next 77
The time complexity of LVQ neural network is O(nk) .
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4.2 Web Clustering Using Rough k-means Algorithm

If a users’ access pattern exactly belongs to a classification, we will put it to the lower
approximation of the classification. If not, we will put it to its upper approximation. It
is a soft clustering and the results will be presented by rough sets, which is more
reasonable and understandable.

Algorithm 4.2. web clustering by rough k-means algorithm

Input ¢ clusters v, (1 <7 < ¢) produced by LVQ neural network above

Output K clustering results
Step 1. Set the number of the clustering K and the error value € (€ > 0), the value

of wyand w, .Select K (1< K < ¢) initial clustering centers V,(1<i< K).
Step 2. For i =1to ¢

Set the value of the minimum distance min .

For j=1to K

e Calculate the distance between the ith user’s access pattern and the jth

clustering center, which is expressed by d (v;, V).

e  Compare d(v;,V;)with the minimum distance min .

If d(v;,V;) <min then min =d(v,V;).

Next j

For j=1to K

For g=(j+1to K

If (d(v,V,)-dv,V,))<e¢

Then v, € RE ;0 v,€ RE_ and v,don’t belong to the lower approximation of
any fuzzy set.

Else If d(v, V,)== min thenv, € RE;.

If d(v;,V,)==min thenv, € RE, .

Next g Next j Next i
Step 3. Recalculate clustering centers according to (7) and (8).

If | RE, — RE, 1+ ¢

Z Vi Z R Vi
v, eRE, v, & (RE,~RE,)

V.=w +w,—= ) (7
' | RE, | |RE, — RE, |

Else

1%
kaEBE, k

V.=w, )
| RE, |
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Here V;is an equivalent dimension vector, whose length is 72 . Parameter W, and W,
respectively indicate the importance of upper approximation and lower approximation
of a rough set. The value | RE, | is the number of patterns that are included by the

lower approximation of the classification E, and | RE, — RE, | is the number of
patterns which is between the upper approximation and lower approximation of the
classification E;.

Step 4. Repeat step 2 and step 3 until convergence. For example there are not new
clustering centers.

The time complexity of rough k-means is O(nk ) .

5 An Experiment

In the experiment, twenty groups of users’ access patterns are chose to cluster in order
to test and verify the effect and efficiency of the two-layer web clustering approach
we propose.

Firstly, data pretreatment is used to handle with the primitive users’ access patterns
include the equivalent dimension treatment and the fuzzy treatment. Then the users’
access patterns become the equivalent dimension fuzzy vectors.

We respectively use rough k-means algorithm and the two-layer web clustering
approach to cluster for the handled uses’ access patterns.

The efficiency of algorithms is indicated by the time complexity of algorithms
T(n) .In the two-layer approach, we use LVQ to cluster for all of users’ access

patterns, but we adopt rough k-means to cluster for several representative clustering
centers producing by the LVQ neural network. The results show as the following
table.

Table 1. Time complexity of algorithms

clustering algorithm T(n)
LVQ neural network O(nk)
rough k-means O(I’lk : )
our approach 0] (flk )

And we use Davies-Bouldin clustering validity index [9] to describe the effect of
algorithms, which is defined as (9).

" S(CH+S(C.
= | d(C,,C,)

n Jj=1
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Here S(C;) is the within-cluster separation and d(C;,C;) is the between-cluster

distance. The results show as following.

Table 2. Clustering efficiency of algorithms

clustering algorithm d
rough k-means 0.631
our algorithm 0.597

6 Conclusion

The users’ interests are related to the visited page and the time durations on it. Then
we put the initial users’ access patterns into equivalent dimension fuzzy vectors. The
two-layer web clustering approach is composed of LVQ neural network and rough
k-means. After training, we see that the effect of the algorithm is close to the
monolayer rough k-means clustering algorithm, but the efficiency of the algorithm is
better. It can be used to cluster for web access patterns more quickly. And we can
provide personalized service for users.
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Abstract. Secondary Data Processing deals the information further by re-
crawling and categories based on the basic of structured data. It is the key
researching module of Vertical Search Engines. This paper proposes an
improved KNN algorithm for the categories. This algorithm achieves the
responsiveness and the accuracy of vertical search by reducing the time
complexity and accelerating the speed of classification. The experiment proved
the improved algorithm has the better feasibility and robustness when it’s used
in secondary data processing and participle of vertical search engines.

Keywords: KNN, categories, similarity, search, vertical search.

1 Introduction

With the development of the Internet, search engines continue to meet the demand of
great information resources, but cannot take into account the accuracy and
responsiveness[1] of information search, so vertical search engines have emerged to
meet the needs of users at this time. But how to classify web pages and texts in the
searching process is critical. In this paper, we propose an improved KNN algorithm to
reach the aim of categories.

2 KNN Categories Algorithm

A. The Basic Idea of KNN Categories Algorithm
To represent the texts that need to be classified and web pages as vectors and
calculate the similarity of vectors between web pages and samples from the space
consisted by the training samples. Then we can obtain k pieces of nearest and most
similar texts or pages. According to the type of these web pages to determine the
category of the new ones, then compute the seniorities of classes in the k neighbors
from the new version in turn. Assign the pages and texts to the class with the most
powerful seniority.

Texts are represented into a vector in the vector space model, so calculating the
similarity of texts can be transformed into computing the cosine of the angle between
vectors. Assume two pages or texts di = ( Wy o Wy e W ), dj =

( W Wi W, ), The formula of similarity between di and dj is sim(dl., dj) .

Z. Gong et al. (Eds.): WISM 2011, Part II, LNCS 6988, pp. 219-R23, 2011.
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The greater value of sim(d,;,d;) means the smaller angle between d,andd;.

When sim(d;,d;)=1, d; and dare parallel or coinciding. At this time they are

most similar. If sim(d;,d;) is near 0, it means vectors d; and dare vertical.

They have the smallest value of similarity.

We can compute the seniorities of classes in the k neighbors from the new version
in turn. The formula of seniorities is P(x,C ) = 72 sim(x,d;)y(d;,C,).
dieKNN

X is the basic characteristic quantity of new pages. sim(x,d,) is the formula of

similarity. y(d,-,C ;) s type property function, it means if class C includes 671 ,

J
then y(d,, Cj y=1,else ¥(d,, Cj )=0.

B. Analysis of Common KNN Algorithm([2]

The advantage of the traditional KNN arithmetic is that it can make use of the
correlation directly between the two given samples, thus reducing the influence
caused by inadequate choices from classification feature and also the error term
during the process of classification. But this algorithm compares with every sample

vector in sample space in order to find k neighbors of sample classification, so it
causes computing times to increase and system performance degrades.

3 Improved KNN Algorithm

A. The Basic Idea of Improved KNN Categories Algorithm

When searching k neighbors of one sample, only find those which have overlapping
words with those unsorted pages, thus reducing the search scope and accelerating the
speed of search.

The structure of the improved algorithm includes term arrays and their lists. Term
array is the ID of feature entry that stored in arrays undergone the feature extraction
after dividing the training texts into words.

Every entry (ti) in term arrays has its own pointer, which points to the list formed
by all of the texts. The text list includes two parts, such as ID and the seniorities ti in
text. After list of the text including ti is finished, sorting decreasingly according to the
value of seniorities, then make a further optimization to narrow the search range of
KNN algorithm.

B. Description of Improved KNN Categories Algorithm
Page d ready to be sorted is expressed as text vector V(w;, wy,... ,w,), search each
document list 1i (1<i<n) of term ti(1<i<n) in vector V, then merge list li and remove
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the ID of same texts in lists, so we can obtain the similarity between the set of texts
ID and texts in the set.

3.1 Analysis of Improved KNN Algorithm

Similarity is only between the improved algorithm and the documents vectors of
intersectional training texts ready to category. So it can reduce the time complexity[3]
and accelerate the speed of classification on a certain extend. But the improved KNN
algorithm is more similar with part of training samples, so there are many certain
overlaps in sample vectors. The improved algorithm is a compromised algorithm
compared with common algorithm and has a better practicability.

4 Application of Improved Algorithm in Vertical Search Engines

A. Theoretical Description

Double Data Processing and Participle Module are the key modules of the model. It is
a process of structured analysis that the mode separation of the text content on web
pages stored in the database, adjustment of data[4] and analysis of related links[5]. It
will deal the information further by re-crawling and categories based on the basic of
structured data. This improved KNN classification algorithm stresses the
responsiveness and the accuracy of vertical search when it’s used in vertical search
engines model.

B. Experiments

This experiment designs two evaluation indicators, precision ratio and recall ratio, for
the improved KNN algorithm. Precision ratio[6] is defined as the percents of texts
which meet with the result of artificial classification in all given documents. Its
mathematical formula is Precision ratio=(the number of correct classification texts/all
classification texts). Recall ratio is defined as the rate of texts which meet with
classification system in all the deserved results of artificial classification. Its
mathematical formula is Recall rate=(a mount of correct classification texts/ deserved
texts). Precision rate and recall rate reflect the quality of classification in two different
aspects. We should balance the two aspects. Thus there is a new evaluation indicator,
the value of F1, and its mathematical formula is F1[7]=(2*precision rate*recall
rate)/deserved texts.

This experiment conducts a test of 300 web pages of the given vertical search
engine model. In the KNN algorithm experiment, we set the threshold [8] k=100 and
the vectors dimension threshold V are given different values.

The experiment results are showed as figure 1.

C. Experimental results and analysis
The precision and recall of KNN Algorithm are showed as figure 1 and figure 2.

It can be seen from figure 1 obviously, the improved KNN algorithm is slightly
more common in precision, but when the dimensions of vectors reached a certain
value, the accuracy decreased significantly. So in the case of certain threshold, the
vector dimension should be appropriate. We can discover from figure 2 that recall is
less affected by the dimension of vectors and keeps balance overall, but recall of our
improved KNN algorithm increases clearly.
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Table 1. Experimental Results
Precision (%) Recall (%)
Common Improved Common Improved
KNN KNN KNN KNN
V=10 80.21 80.78 80.45 92.90
V=15 81.38 82.13 83.47 95.32
V=20 85.63 86.14 85.92 96.13
V=25 82.12 83.07 85.84 95.46
V=30 81.08 80.56 84.35 95.38
88
100
%6 =4=precision
of 95 ?l=l=I=l
8 commoun 90 =4=recall of
82 - KNN- (% 85 - commom
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