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Abstract：A shrink operation of FOCUS (Fuzzy 
dOCUment ordering System) is proposed as a 
tool for changing user’s viewpoint in knowledge 
structures of documents. The FOCUS produces 
the user’s preference vector space and its 
concept hierarchical structure based on CSD 
(Concept System Dictionary) of EDR (Japan 
Electronic Dictionary Research Institute).  By 
using the hierarchical structure, the shrink 
operation, i.e., shrinkage of user’s preference 
vector space, avails to do fuzzy document 
marching in user’s laugh point of view. Through 
document ordering experiments by 4 examinees 
using 20 given documents and 40 unknown 
ones extracted from IMDB (Internet Movie 
Data Base), the effectiveness of shrink 
operations is confirmed.   
 
１. Introduction 
To extract user’s preference documents from a deluge 
of information, FISHVIEW[1][2] and FOCUS (Fuzzy 
dOCUment ordering System)[3] that is based on fuzzy 
set theory[4], have been proposed. The FOCUS can be 
extended to perform knowledge discovery using 
semantic concept structure. A constructive method of 
semantic concept structure by using CSD (Concept 
System Dictionary) that includes 400,000 concepts in 
EDR (Japan Electronic Dictionary Research Institute 
[5]) and the shrink operation that perform fuzzy 
document marching in user’s laugh point of view, is 
proposed. 

  In total, 20 given documents and 40 unknown 
documents extracted from Internet Movie DataBase 
(IMDB[6]) are used for documents ordering 
experiments by 4 examinees from different countries 
and the effectiveness of the proposed shrink operation 
is confirmed.  

 
２. Fuzzy dOCUment ordering System (FOCUS) 
The FOCUS orders web-based unknown documents in 
accordance with user’s preference and performs 
knowledge discovery by concept structure operations 
as data mining.  The FOCUS can learn user’s 
preference by which user selects given documents to 
be suitable for user’s preference in advance. 
Architecture of the FOCUS is given by the following 
five units (Fig. 1). 

 
・Basic Feature Vector Generator (BFVG)   
Given (training) documents are translated into the 
Basic Feature Vectors (BFV) using the TFIDF (Term 
Frequency and Inverse Document Frequency) [7]. 
 
・User’s Preference Configuration Unit (UPCU)  
In the process of document selection, a user assigns  
Membership Value (MV) expressing his/her 
preference degree to the given web-based documents. 
UPCU generates User’s Preference Vector (UPV) 
based on the assigned MV and BFV. 
 
・Fuzzy Document Matching Unit (FDMU) 
Web-based unknown documents are translated into 
Unknown Document Vector (UDV) using Term 
Frequency (TF).  User’s Preference Degree (UPD) of 
each web-based document is calculated based on UPV, 
generated in 2.3. 
 
・Semantic Concept  Operation Unit （SCOU） 
By using CSD (Concept System Dictionary (CSD) by 
Japan Electronic Dictionary Research Institute, Ltd. 
(EDR)), Semantic Concept [8] [9] [10] Operation Unit 
offers the shrink operation for concept structure to 
perform data mining and knowledge discovery. 
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2.1 Basic Feature Vector Generator (BFVG)   
The given (training) web-based documents are 
expressed as a set ,GD   

( ) ( ) ( ) ( ){ , , ..., , ..., }.G G G GD d d d d= 1 2G n N       （1）  

The word set W is defined as 
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Fig. 1 The data flow of FOCUS 
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where  tf   is occurrence frequency of term 

,  is the number of documents including 

termW , and N denotes the number of all documents.  
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2.2 User’s Preference Configuration Unit (UPCU) 

For given (training) web-based documents , the 

user determines whether they belong to the preferable 
document set D

GD

P or to the non-preferable document set 

D Ｎ . Users determine the membership value of 
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As in Eq. (5), a user can assign the membership 

values and  appropriately to a 

document . By using fuzzy document selection, 

the FOCUS can generate user’s preference vector 
spaces based on the fuzzy evaluation. 
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2.3 Fuzzy Document Matching Unit (FDMU) 
 

Unknown documents  are translated into 

the unknown document vectors     

  defined as 
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where  denotes term occurrence 

frequency in unknown documents d . 
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User’s Preference Degree UPD   of 

document  in the vector space with user’s 

preference is obtained by 
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 The FDMU arranges unknown documents in 
ascending order by using the obtained user’s 
preference degree as described in (10). 

 



３ . Rough Documents Matching by Shrink 
Operations 

By using concept system dictionary (CSD) which 
contains 400,000 concepts and is one of the 
dictionaries of Japan Electronic Dictionary Research 
Institute Ltd. (EDR [5]), semantic concept structures 
are formatted from user’s preference vector space (Eq. 
(6)). Figure 2 shows an example of semantic concept 
structures. Given/unknown documents are expressed 
by the semantic concept structures [8] [9] [10]. 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig. 2 Semantic Concept Structure   
 
In Fig. 2,  denotes layer number of hierarchical 
structure, 

l
g denotes semantic concept group and  

denotes weight of semantic concept group, 
respectively. 
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3.1 Shrink Operation 
 
Shrinks operations are done by the following steps.  
・If  0=l
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Fig.3 Shrink operation of Wlist. 
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Fig.4 Shrink Operation Slist  ( 0l ≠

3.2 Fuzzy Document Matching for Shrink 
Operation 

After applying the shrink operation, User’s Preference 

Degree   of document  in the 

vector space with user’s preference is obtained by  
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The fuzzy document matching using (15) and (16) is 
illustrated in Fig.5. 
Given documents and unknown documents are 
converted into Fisheye vectors which are organized by 
semantic concept structures and changed by shrink 
operations. Similarity between both given documents 
and unknown documents are calculated in the fisheye 
vector spaces.  
 

 
 
 
 
 
 
 
 
 
 
Fig.5 Semantic Concept Operations applied to 

Fuzzy Document Matching 
 
４. Document Ordering Experiments by Shrink 
Operations 
 
Document ordering experiments are done by 4 

examinees to evaluate the effectiveness of shrink 
operations of the FOCUS. The documents of 60 movies 
are selected from the internet movie database (IMDB) 
[6] , where each document contains 300 words synopses 
and these documents are composed into 4 genres i.e., 
(1) action (2) comedy (3) horror (4) music. For each 
genre, 5/10 movies are selected as given/unknown 
documents (total 20/40 documents). The procedure for 
experiments are as follows. First, 20 documents from 4 
genres are presented at random to each examinee.   
First and second evaluation sheets is given to each 
examinee. An examinee must select one of the genres as 
desired one and declare what he wants to see on the 

evaluation sheet. 40 unknown documents are 
given to an examinee. One must judge whether he 
wants to see each movie or not by assigning desirability   
and non-desirability membership degrees (Eq.5) to each 
movie.  The FOCUS reads an evaluation sheet data 
values. Then, FOCUS executes unknown document 
ordering in accordance with user’s preference degree 
from 40 documents in the 4 genres. Ordered documents 
and evaluation sheet are given to each examinee. An 
examinee calculates the document precision ratio β
defined as (17) to confirm that the FOCUS orders 
documents to meet user’s preference properly. 
 

Number of desired documents
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An example of ordered unknown documents 

generated by the FOCUS is shown in Table 3 and 4. 
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Table.1  Questionnaire for 1st Evaluation Sheet 
 
 
 
 
 
 
 
 

Table.2  Questionnaire for 2nd Evaluation Sheet  
 
In Table.3, ordered documents are mentioned in 
details.The examinee has selected music genre. There 
are 4 action movies in top 10, where Wlist is described 
as non-duplicated words (excluding stop words).  
In Table.4, UD10 which corresponds to the movie  
“Singin’in in the rain” is on the top after shrink 
operations. The movie is a comedy but action-related 
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words like “dance”, “time” and “caused” are involved.  
 
 
 
 
 

  
 
 
 
 
 
Table.3 Detailed Ordered Documents 

(Before Shrink Operation) 
 
Table4 shows the result of shrink operation. 
 
 
 
 
 
 
 
 
 
 

Table.4 Detailed Ordered Documents 
(After Shrink Operation) 

 
The result of average first evaluation sheet value of 

4 examinees is as follows. 
 
 
 
 
 
 

   
Table.5  Result of 1st Evaluation Sheet  

 
Fig.6 shows user’s preference vector (uWi) whose 
length is 1821 words and its shrink user’s preference 
vector (sWi) whose length is 21 words.   
As results of 2nd evaluation sheets, knowledge 
discoveries are, e.g., 

(1) “I felt that second result as shrink operation is  
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257“General"ActionUD061

Wlist [words]Name of movieGenreDoc. No.  
 
 
 
 
 
 
 
 
 
 

 
 
Fig.6 User’s Preference Vectors after Shrink 

Operations. 
 
better than first result without shrink operation” 
(2) “Comparing with first experiments, different order 

of the documents can give person a transition of 
contents". 

(3) “From the comfortable topics, it is easy to accept, 
and the feeling about these documents is not 
changed strongly”.  

 
５．Conclusions 
 
A shrink operation of FOCUS  is proposed as a tool 
of data-mining for knowledge discovery. The 
effectiveness of the shrink operation of the FOCUS is 
confirmed by 4 examinees from different countries.  
 The results of the experiments are summarized as: 
(1) The shrink operation makes users easy to select 

documents in accordance with users preferable 
vector spaces.  

(2) The fuzzy document matching with shrink 
operations is effective to find rough document in 
accordance with users preference.  

(3) Processing time of shrink operation’s document 
matching is reduced by a factor of 10 from that of 
initial fuzzy document matching. 

(4) The shrink operations of FOCUS is programmed 
by Java Language (Visual J++6.0) to realize the 
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performance as quickly as possible. 
   

The shrink operation of FOCUS is applied to only 
web documents but its use is expected to cover more 
general human oriented semantic web concepts [8]:  
(1)The FOCUS’s semantic concept operation 
technology aims the future semantic web age to 
human-centered daily activities like ubiquitous life and 
broad band age.  
(2) The multimedia information retrieval is also 
possible by applying the FOCUS technology. 
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