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Abstract. Clever management of the various types of documents used in intel-
ligent activities and their efficient utilization are important. However, most
available methods target only a single type of document (e-mails, Web pages,
etc.). A more promising approach is topic-centered document management. Al-
gorithms are described for extracting topics across various of types of docu-
ments. Moreover, a topic-centered document management system is described
that is based on grouping by topics.

1 Introduction

Efficient discovery and utilization of useful information from various types of docu-
ments is important in intelligent activities, e.g., research activities and cooperative
software development in a network environment. However, the number of documents
related to such activities increases exponentially as the activities progress. This makes
it harder and harder to identify the useful documents. There is thus a strong need for
ways to support the management and utilization of documents in accordance with the
how the information is to be used.

Although there has been research on topic extraction [1][2][3] and document
clustering [4][5][6][7][8], each of these research projects targeted only one type of
document. As a result, the existing methods are unsuitable for topic extraction and
clustering across different types of documents. Thus, topic extraction independent
of document type and topic-centered management of documents are needed to
achieve clever document management in accordance with how the information is to
be used.

This paper describes algorithms that have been developed for topic extraction
across document types and methods that support document management based on
the topic.
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2 Problems in Document Management Related to Purpose of Use
and Support Policies

2.1 Research Targets

The target of this research was intelligent activities in a network environment such as
research activities, exploratory learning, and cooperative software development. In
these activities, it is important to discover and efficiently utilize the desired documents
in accordance with how the information is to be used. Since users accumulate various
types of documents and in increasing quantities as activities progress, it is often diffi-
cult to identify the useful documents from the many documents accumulated.

The search for a desired document is enforced by focusing on the purposes of use.
The topics hidden in the numerous documents are used here as indicators of the pur-
pose of use. However, the elements of the documents differ with document type (e-
mail, Web page, and so on). Consequently, topic extraction is harder when various
types of documents are involved.

Moreover, the software applications differ with the document type; for example,
mail client software is used for e-mail, and a Web browser is used for Web pages.
Therefore, users can become bewildered as they come and go among various applica-
tions. Accordingly, it can be difficult for users to manage different types of docu-
ments while relating them sufficiently. This can make it difficult to grasp the progress
of a project and the relationships among documents.

Consequently, support is needed for clever document management that enables us-
ers to locate and utilize useful documents regardless of the document type and appli-
cation. This research targets document management by people working together such
as on a laboratory research project. We assume that all of them use e-mail and use
several types of documents.

2.2 Related Research

Many methods for topic extraction and document clustering have been reported.
Hamasaki et al. described a method for discovering networks of common topics from
bookmarks [1]. This method uses the hierarchical structure of bookmarks and identi-
fies potentially useful pages by investigating the communities of topics among users.
Sekiguchi et al. developed a method for extracting topics that uses the characteristics
of utterances in weblogs [2]. Moreover, a trial in which networks of human relation-
ships were extracted from information on the Web [9] has been reported.

The research on document clustering includes the work by Yanai et al. on auto-
matic image clustering [4]. They developed a method for clustering natural images
from the real world on the basis of learning from images gathered from the Web.
Iyama et al. developed a system for clustering Web pages on the basis of their charac-
teristics and for providing the results to users [5]. These clustering methods are unable
to extract the topic across various types of documents and to cluster different types of
documents since they each target only one type of document.

Systems that support document management and sharing have also been devel-
oped. Sano et al. described an information sharing system [10] that analyses the book-
marks of many users and uses the results to recommend a URI for users with similar
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interests. An interesting direction for research is the support of not only topic extrac-
tion but also of information sharing based on it. Moreover, Gmail [11], Google’s e-
mail program, is a strong tool that groups e-mails automatically on the basis of their
reply relationships and supports management of e-mails on basis of the extracted
groups. Nevertheless, most available systems support only one type of document.
Therefore, managing different types of document efficiently is difficult. Furthermore,
support for identifying the relationships among documents has not been investigated
enough although such an identification would also contribute to understanding the
work processes.

2.3 Issues and Support Policies

From the above discussion, we can identify three issues that need to be addressed in
order to realize support for document management and utilization in accordance with
how the information contained in them will be used.

1. Difficulty of topic extraction from different types of documents.

2. Difficulty of managing different types of documents while relating them.

3. Difficulty of understanding the relationships among documents.
To resolve these issues, algorithms have been developed for extracting the topic
across a variety of document types. Moreover, an adaptive document management
system has been developed that constructs its own functions and interfaces and
changes them in accordance with the target types of documents and the purposes for
which the information they contain will be used. This system has a function to assist
understanding of work processes, document transitions, and their update circum-
stances by visualizing the relationships among documents related to a topic.

Here, topic extraction methods can be classified roughly into two types: 1) those
that use a natural language based approach to either extract the contents of documents
in a semantically constrained way or summarize them (e.g., [12]); 2) those that extract
groups of documents that correspond to a topic (e.g., [13]). In this research, the latter
approach was used as it aims to realize clever management and utilization of docu-
ments in accordance with how the information they contain will be used. The aim is
to realize clever management by developing a topic-centered adaptive document man-
agement system (as described in Section 5).

3 Algorithm

3.1 Overview

A topic is represented by a group of documents corresponding to that topic. Each
topic is considered to have various attributes (members, keywords, activity period,
and so on). The set of these attributes, which expresses the feature of the topic, is
called the “topic object.” When a new document is acquired, the candidate topic to
which it belongs is estimated on the basis of the coincidence rates, which are calcu-
lated by comparing the attributes of the new document with those of the existing topic
objects. The coincidence rate is basically the general state of whether two attributes
agree or not. The calculation methods differ for each combination of attributes, and
they have been defined temporarily on the basis of an initial investigation.
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Figure 1 illustrates the topic extraction algorithm. First, e-mails are grouped on the
basis of the reply relationships. The resulting e-mail groups are used as a basic set of
documents that expresses the topic. If there is more than one topic (group of docu-
ments), the attributes shown in Table 1 are extracted from each group. Each topic
thereby acquires a set of elements that express its features, i.e., the topic object.

When a new document is acquired, the attributes specified beforehand in accordance
with the types of documents (Table 1) are initially extracted. For the present time, e-
mails, shared bookmarks, and PDF files are supported. If there is more than one topic,
the relationship degree, which expresses the strength of the relationship between the
new document and each topic, is calculated by comparing the attributes of both. If the
calculated relationship degree exceeds a specified threshold, the topic with the maxi-
mum relationship degree is selected as the candidate topic for the new document. Con-
versely, if the relationship degrees for all topics fall below the threshold, the new docu-
ment is judged to not belong to any topic.

Furthermore, if more than a specified number of e-mails belong to no topic before
the calculation of the relationship degree, grouping of the e-mails is repeated. In this
manner, new topics appearing after the initial grouping are handled.

( Start )

Acquire new document.

Is there more than
one topic?

Extract attributes of topic object
Extract attributes from each document group.

from new document. T
Calculate relationship degree
for each topic.

Is there more
than one e-mail
not assigned to
a topic?

Relationship degree
exceeds threshold ?

\4

—-

Judge that there is
no candidate topic.

Group e-mails in basis of Select topic with max. relationship
reply relationships degree as candidate to which
new document belongs.

>
)l

y
End

Fig. 1. Topic extraction algorithm
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Table 1. Relationships among attributes of topic objects
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el:Period of e-mails, e2:Average of e-mail reply, e3:Active period of e-mail, e4:Member of e-
mail, e5:Key person, e6:Reply relationships, e€7:Keyword of e-mail, e8:Subject of e-mail,
€9:Name of attached file, e10:URLs in e-mail main text, el1:Main text of e-mail (quotation),
ul:Bookmark registration date, u2: Bookmark sharing period, u3:Member of bookmark shar-
ing, u4:Registrant of bookmark, u5:Keyword of bookmark, u6:Title of bookmark, u7:URL,
pl:Date of PDF registration, p2:Period of PDF registration, p3:Member of PDF sharing,
p4:Registrant of PDF, p5:Keyword of PDF, p6:Name of PDF file, p7:URL described in PDF
main text.
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3.2 E-mail Grouping

The focus here is on e-mail as this is the most common type of document and most
everyone uses it. Groups of e-mails are used to express the basis of topics. Each e-
mail has a unique ID called a Message-ID. Moreover, either “In-reply-to” or ‘“Refer-
ence” information is added to the header of an e-mail sent in reply to a previous e-
mail.

“In-reply-to” indicates the original e-mail by its Message-ID. “Reference” ex-
presses a sequence of e-mails included in either previously sent e-mails or replied-to
ones by their Message-IDs. Generally, at least one of these information fields is added
into to the header of a reply e-mail. Here, e-mails are grouped by analyzing them.

3.3 Extraction of Topic Object

Several attributes are extracted from each group of e-mails created by analyzing the
coincidence of the reply relationships. The extracted attributes are used as factors of
the topic object as an initial step.

® Topic period: For each group, extract earliest and latest e-mail and use their

creation dates as dates when the topic started and ended.

® Average reply interval: For each group, calculate average time from when e-
mail was sent to when a reply to it was sent.
Keyword: For each group, extract the top five characteristic words from the
main texts of the e-mails.
Member: For each group, extract the sets of senders and receivers.
Attached file: For each group, extract the set of attached files.
Subject: For each group, extract the set of subjects.
Reply Info.: For each group, extract the “Message-ID” and either the ‘“Refer-
ence” or “In-reply-to” from the e-mail headers.
® URL: For each group, extract the URLs from the main texts of the e-mails.

3.4 Calculation of Relationship Degree

This section describes the method used to calculate the relationship degree used for
judging the topic to which a new document belongs.

When a new document is acquired, the specified attributes are extracted. These
typical attributes were selected on the basis of previous investigation and experience.
Then, the relationship degree is calculated by comparing the extracted attributes and
the factors of each topic object. However, there are no comparable attributes between
the new document and topic object when the document type of new document is not
included in the target object. For instance, if a bookmark is registered immediately
after initial grouping comparison is impossible since a topic object consists only of e-
mails. This problem was solved by investigating the relationships among the factors
of the various types of documents that went into building the topic object and then
specifying the initial relationships, as shown in Table 1.

The main attributes that characterize the topics vary by topic and user. As a coun-
termeasure against this problem, three meta-divisions were introduced for the topic
object factors: term, person, and contents (Table 1).
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The relationship degree of document i to document j, rel(i,j), is calculated using
equation (1). First, the coincidence rates between the combinations of factors are
calculated. The target combinations and their initial weights are specified as shown in
Table 1. The relationship degree is expressed as a value that is more than 0 and less
than 1. The sum of the coincidence rates between the new document and the existing
topics is finally calculated using normalized weights based on preliminary experi-
ments for every area of the combinations of meta-divisions and the types of docu-
ments (e.g., when type of new document is PDF, Al in Table 1).

Then, the calculated sum is multiplied by the ratio of the number of comparison
targets to the number of all documents in the topic. The same calculation is done for
areas A2 and A3 as well. The sum of these three values is the coincidence rate for
each meta-division (e.g., A in Table 1): agr.{i,j), agr ye/i.j), agr con(ij).

Finally, relationship degree rel(i, j) is obtained by summing the coincidence rates
of the three meta-divisions multiplied with their respective weights: Wi j), Wyer(j)
Weon(j) Although documents could belong to more than one topic, it is assumed that
each document has only one candidate topic.

rel(i, j) = w,, (J) - agr,, @, ) +w,,, () - agr,, (i, j) + w,,, () - agr,,, (i, j)

1 2 err (-])’ Wper(j)’ Wam (]) 2 0’
Wie (J)+ W () + W, (J) =1 ey

4 Methods for Updating Relationships

4.1 Overview

Document classification differs by user and by circumstance. In one case, a user
might cluster documents on the basis of their contents such as when documents re-
lated to a research theme are gathered. In another case, a user might arrange docu-
ments on the basis of the creator or receiver such as when e-mails received from
and/or sent to a particular person are gathered. In a third case, a user might manage
documents on the basis of time such as when documents created during a certain
period are gathered.

An algorithm for topic extraction should be able to handle these various cases. The
method described in this section can be used to update the relationships among the
attributes of the topic object and meta-divisions of the attributes.

4.2 Method for Updating Relationships among Attributes of Topic Object

As mentioned above, relationships among attributes of topic objects differ with the
topic and the user. Therefore, in the method described here, updating is done topic by
topic.

Consider this example: an attribute is selected from the “term” factors for e-mail as
the existing document and an attribute is selected from the “term” factors of bookmarks
as the new document (D in Table 1). Initially, two types of attributes are selected. If the
combination of the selected two attributes is marked (weighted) in Table 1, the relation-
ship between those two attributes is evaluated in the same way as the relationship
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degree is calculated. Next, how much the attributes of the term divisions (Registration
date, Sharing period) of all bookmarks belonging to the same topic coincide with those
of e-mails (Period of e-mails, Active period) is evaluated. The average of that rate be-
comes the new relationship value. Specifically, the following coincidence rates are
calculated, except for the blank cells in Table 1.

Period of e-mails includes bookmark registration date or not (Includes: 1, Not
included: 0).

Rate of period of e-mails includes bookmark sharing period (number of overlap-
ping days between period of e-mails and bookmark sharing period / total number
of days for period of e-mails).

A bookmark is registered during active period of e-mails (Registered: 1, Not

registered: 0).

Rate of active period of e-mails includes bookmark sharing period (number of

overlapping days between active period of e-mails and bookmark sharing period /

total number of days for active period of e-mails).
That is, evaluation in this updating examines the rate of influence that coincidence
between each factor of topic object affects the belonging of documents to the topic,
while calculation of relationship degree for a new document is used to judge the can-
didate topic to which the new document belongs.

For combination of other types of documents, the relationships among them are

updated in the same way. The timing for the updating is determined on the basis of
the date of the last updating, the number of accumulated documents, and so on.

4.3 Method for Updating Relationships among Meta-divisions

The updating of the relationships among meta-divisions of the attributes of topic ob-

jects involves term, person, and contents. This updating is done for each topic and

user, the same in updating the relationships among attributes. Specifically, updating is

done in accordance with the following procedure.

(1) Select one document from all documents belonging to the target topic.

(2) Calculate the coincidence between the attributes of the selected document and
those of topic object same to calculation of relationship degree (more than 0 and
less than 1).

(3) Calculate the average coincidences for the three meta-divisions (more than 0 and
less than 1).

(4) Repeat steps (1) to (3) for all documents and then calculate the averages for the
three meta-divisions.

(5) Replace the rate for the averages of the three meta-divisions with the new calcu-
lated averages.

This updating and replacement should improve the accuracy of topic extraction across

different of types of documents and contribute to achieving topic-centered document

management. The timing and frequency of the updating should be investigated since it

requires calculation costs.
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5 Topic-Centered Document Management System

This research aims at developing a topic extraction method that can handle a mixture
of different-types electronic documents and at developing an electronic document
management system based on grouping by topics. This section describes the outline
and basic idea of such a system.

In this system, the elements indicating the topic are automatically extracted from
electronic documents like e-mails, and the extracted topics are used as a basic unit for
various operations in document management. For example, at the time of system
startup, as shown in Figure 2(A), rather than individual documents, topics are presented
by listing characteristic words extracted from documents or elements of members.

The management area corresponding to the selected topic is shown, and then sev-
eral types of documents belonging to the topic are displayed as a node with a different
shape and a different color (Figure 2(B)). When a newly arrived document is judged
to belong to a topic, it is shown as a special node in the management area of that
topic. The user can change the topic judged by the system through interactive opera-
tion using a semi-automatic system.

Moreover, to help the user grasp the relationships among documents corresponding
to various viewpoints, the visual presentation of relationships among documents is
done considering various factors (e.g., time, creator, types of documents). This visu-
alization can also contribute to grasp processes of works and to share them.

Furthermore, there is adaptive construction of functions and interfaces correspond-
ing to the situation. For example, the system sometimes works as simple e-mail
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Fig. 2. Topic-centered document management system
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software (Figure 2(C)) and it other times evolves into an integrated shared environ-
ment in which documents of various types are treated (Figure 2(B)).

In conventional styles, users are often bewildered as they come and go among vari-
ous applications because available applications depended on types of documents. The
system described here enables new relationship between systems and a user so that
systems adapt themselves to the needs of the user.

6 Conclusions

This paper describes algorithms for topic extraction across document types using
topic object. In addition to details of the algorithm for judging topic to which new
document belongs, methods for updating relationships among attributes of topic ob-
ject and among meta-divisions of the attributes are also described. Finally, an adap-
tive system to realize topic-centered document management is proposed.

Future work includes designing and developing a prototype system and evaluating
the topic extraction algorithm.
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