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Abstract. In the current Web, e-document has been the most common vehicle
for delivering and exchanging information. As the amount of e-documents has
grown enormously, effective classification facilities are urgently needed to
classify and query e-documents users want. In this paper, we propose a method
to classify e-documents into a set of predefined categories based on Fuzzy Cog-
nitive Map (FCM). The e-documents are collected from Internet by a meta-
search engine. FCM has been employed to capture the semantic relationships
between keywords of e-documents. Experiments with a set of local
e-documents have proved that this approach has high performance and can help
users getting the e-documents efficiently and effectively. The proposed method
has been implemented and integrated into the Dunhuang Feitian System to
manage and classify e-documents.

1 Introduction

The World Wide Web provides us with a large-scale and universal information space.
E-document has been the most common vehicle for delivering and exchanging infor-
mation in the current Web. However, the enormous amount of e-documents makes it
difficult to search, access, present, and maintain the information. Searching for spe-
cific information or discovering useful information from the large amount of informa-
tion in the Web has been becoming a difficult, time-consuming and challenging task.
So effective classification and search facilities are urgently needed to efficiently clas-
sify and query e-documents users want in the open and dynamic World Wide Web
environment.

Document classification, as originally used to improve the precision, especially
top-level precision, of information retrieval systems, is the process of assigning a
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document to one of the predefined categories based on the document content [1]. In
the classification process, traditional document classification methods such as vector
space model, only consider the appearance frequency of keywords. But it has been
well acknowledged in such fields as traditional database management system and
information retrieval that the more semantics about data are understood and consid-
ered by a system, the more precise queries and searches can be achieved [2, 6].

In this paper, a method to effectively classify e-documents into a set of predefined
categories based on FCM is proposed. FCMs capture the relationships between the
keywords to improve the classification accuracy. The proposed method has been
implemented and integrated into the Dunhuang Feitian System to manage and classify
e-documents. One of the important aspects about such classification is that it could
provide semantics (similarity at the conceptual level between documents) without
requiring the classification process to use any extra semantics. And the classification
process is adaptive.

2 Effective E-Document Classification Based on FCM

2.1 Fuzzy Cognitive Map

Fuzzy Cognitive Map is a directed and weighted graph of concepts and relationships
between the concepts [3]. FCM is derived from Cognitive Map. Based on the CM
structure, FCM was proposed by Kosko [4, 5]. As a great improvement compared to
CM, FCM introduces fuzzy quantitative relationship between concepts to describe the
weight of the causal relationship. FCM has iterative characteristic. In FCM, the arcs
are not only directed to show the direction of causal relations, but also accompanied
by a quantitative weight within the interval [0, 1].
The formulation for calculating the state value of concepts is proposed as follows:
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A/ is the state value of C;at step £ Aj"l is the state value of the interrelated causal
concept C;at step #-1; A"'is the state value of C; at step #-1; W;; is the interrelation’s
weight from concept C; to C;and fis a threshold function, here f(x) = tanh(x). In this
paper, it is assumed that k; = k; = 1. The coefficient k, represents the contributive
proportion of the previous value to the new state value.

2.2 Construction of Basic Category FCM (BC-FCM)

In order to effectively classify documents into a set of predefined categories, it is
necessary to construct a BC-FCM to represent a category first. BC-FCM plays an
important part in the process of classification. It may greatly affect the performance of
document classification systems, because its broadness and granularity influence the
coverage and specificity of classification categories.

Based on the representative documents whose categories have been predetermined,
the BC-FCM for each category is constructed as the following steps:



Using FCM to Effectively Classify E-Documents and Application 593

First, keywords should be extracted as BC-FCMs’ concepts from the representative
documents. Using the statistical characteristic of the keywords, we pick out those
keywords that can represent each category best. Intuitively, the best way to represent
each a category is to select only the exclusive keywords [1]. But in BC-FCMs, the
quantitative weight of each causal relation in different BC-FCMs may be different, so
the proposed method also considers those overlapped keywords.

Then the concept state value should be determined. In the paper, the concept state
value V,; is calculated by Eq. (2):

v.=1
ci %‘i‘ e—cy ()

where c is a constant, herein ¢ = 0.6 and it can be manually adjusted by user according
to the experiment result. y = f (location, frequency), V.; € [0, 1]. In the proposed clas-
sification system, we only consider the appearance frequency of keywords.

2.3 Effective E-Documents Classification Based on FCM

In this subsection, the classification method based on FCM is described in detail. The
proposed method has been implemented and integrated into the Dunhuang Feitian
System, and it is named as SRCC component, representing Search Results Clustering
and Classification. The architecture of the SRCC component is given in fig. 1.
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Fig. 1. The architecture of the SRCC component

As a whole, collecting e-documents from Internet by the meta-search engine
firstly, and the search results are stored in a database. Then the FCM based classifica-
tion method is used to classify the search results into predefined subclasses for
helping users to access the web pages effectively and efficiently.

After choosing out keywords from an e-document, we match these keywords with
concepts included in each BC-FCM; then we get the matching keywords’ state values,
and put them into Eq. (3) to calculate the matching degree (md). The matching
degrees are used to determine which category the document belongs to.
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where c is a constant, herein ¢ = 0.6 and it can be manually adjusted; V,; is calculated
by Eq. (2) and n is the total number of concepts in a BC-FCM.

A document D; is classified into the category C; where the matching degree (imd) is
the maximum among all the categories and also it is bigger than the threshold. The
threshold is an adjustable variable in the system, and usually it is 0.75.

3 Implementation in the Dunhuang Feitian System

The proposed method is implemented and integrated into the Dunhuang Feitian
System, a part of Dunhuang Culture Knowledge Grid [7-14]. Feitian is a typical
representative of the ancient Dunhuang art. Because of the cultural relic conservation
and geographical restrictions, she hasn’t been familiar to most people in the world.
Under such circumstances, the Dunhuang Feitian System is undertaken to help people
enjoying this humankind’s ancient culture more conveniently. The SRCC component
is integrated into the Dunhuang Feitian System for providing useful knowledge of
Dunhuang Feitian art to visitors and researchers.

Fig. 2. BC-FCM for “Tongzi Feitian”

In the implementing process, it is also necessary to construct BC-FCMs for each
subclass of Dunhuang Feitian. Under the domain background knowledge of Dun-
huang Culture as well as referring to some professional dictionaries, the BC-FCMs for
subclasses of “Dunhuang Feitian”, such as “Tongzi Feitian”, are constructed. Fig. 2 is
the BC-FCM for “Tongzi Feitian”.

3.1 Major User Interface and Results Analysis

We use the software Macromedia Flash to organize the pictures and generate the
whole animation of the Feitian System. The SRCC component is used to search and
access the corresponding on-line e-documents.
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Users can input query keyword(s) in the search box, and then click the “Go” but-
ton. Query keyword(s) is (are) transmitted to Web search engines. Search results are
returned by the meta-search engine and classified by the proposed classification
method.

The scenario of the search results corresponding to subclass “Tongzi Feitian” is
shown in fig. 3. When user selects a subclass, the corresponding e-document list is
shown to the user, with query words highlighted. This e-document list could be in the
original order, or be re-ranked according to some ranking algorithms.
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Fig. 3. The scenario of the search results corresponding to “Tongzi Feitian”

In the meta-search engine, if a user inputs “Dunhuang Feitian” as the query
keywords, there are nearly 30,000 search results returned by included search engines.
Among these search results, using the proposed classification method, there are about
6430 search results belonging to “Tongzi Feitian”; 8160 search results belonging to
“Luoti Feitian”; 826 search results belonging to “Jiyue Feitian; 454 search result
belonging to “Shuang Feitian” and 709 search results belonging to Qutu1 Feitian” etc.

4 Conclusions

An approach of using FCM to effectively classify e-documents returned by a
meta-search engine into a set of predefined categories is proposed. FCM has been
employed to capture the semantic relationships between keywords extracted from an
e-document. The classification process is adaptive: if some documents don’t belong to
any of the predefined categories, they will not be wrongly assigned to any existing
categories. Experiments with a set of local e-documents have proved that this
approach has high performance and can help users getting the e-documents. This
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method has been implemented to help users know culture effectively, and can help
implement the future interconnection environment [15]. Zhuge’s Resource Space
Model [10-12] is used to store and effectively manage documents. Ongoing work is to
incorporate the FCM with the SLN [7-9] to form more powerful semantic representa-
tion approach for the Semantic Grid [7, 14].
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