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Abstract — Both browsing and retrieval with search engines
are major operations that establish the interaction between
users and the Web. Although both operations are usually
combined to locate information from the Web, recent
growth of the Web has overtaken the potential of this con-
ventional interaction. This paper proposes the concept of
Retrieve, Browse, and Analyze (RBA)-based interaction, as
the improvement of the conventional Retrieve and Browse
(RB)-based interaction. The prototype interface based on
RBA-based interaction is also presented.

1. Introduction

A Web information visualization system based on RBA (Re-
trieve, Browse, and Analyze)-based interaction is presented for
assisting user’s Web interaction. A Web interaction is defined
as users’ activities for viewing and collecting web pages with
using search engines and Web browsers. There exists vast
amount of information in the Web, from which a user usually
gathers information without definite information needs. There-
fore, it is difficult for a user to organize and understand what
he or she has gathered from the Web. In this paper, we propose
the concept of RBA-based interaction. The Web information
visualization system proposed in this paper employs both key-
word map visualization and document clustering, which pre-
sent users the topic distribution over gathered document set and
document clusters, respectively. Employing the immune net-
work-based clustering algorithm, which has been already pro-
posed, makes it possible to find relationship between document
space and topical space (represented by keyword map).

2. Related Work

Browsing and Retrieval are the major operations that users
perform on the Web. Browsing is typical operations in hyper-
space (i.e., the Web). In Web hyperspace, documents are linked
to others by hyperlinks, and a user can move from current
document to others by clicking a hyperlink. On the other hand,
a user can also get a set of documents related with his/her in-
formation needs from search engines. This operation is called
retrieval hereinafter.

2.1. Browsing Support System

Browsing support systems assist users in selecting a link to
follow within the current page. Typical browsing support sys-
tem, such as Letzia [4] and Webwatcher [1] adds the informa-
tion to each link in a document, based on which a user can se-
lect the link that will lead to the popular page, or the page of
interest. This kind of systems has been developed in early stage

of the Web, in which most of links are static ones. According
to the spread of dynamic Web and commercial search engines
of huge volume, another type of support systems that visualize
the partial Web hyperspace [2] has become popular. BookMap
[2] visualizes the user’s personal hyperspace of bookmark and
navigation history. It employs global fisheye and zooming
operations, by which the system can show the detail of the part
of hyperspace, while preserving the context (global structure).

2.2. Clustering-based Information Visualization System

Compared with above-mentioned browsing support systems
that handle the hyperlinked structure of the Web, the systems
that support the user’s retrieving process handle a set of docu-
ments that contain the query terms. When a large number of
documents are retrieved, they should be divided into closely
related subsets [3, 10]. Scatter/Gather [3] and Grouper [10]
employ document-clustering approach. The clustering result is
usually presented as a list, as most search engines do. Visuali-
zation technique can also be utilized for improving the user’s
accessibility to the generated document clusters. The Category
Map [9] employs SOM (self-organizing map), based on which
documents are mapped onto 2D category map. Each region (a
group of neighboring nodes with the same concept) corre-
sponds to the document cluster of the concept. As SOM pre-
serves the topological properties of document space, the Cate-
gory Map can show users a relationship among document clus-
ters.

3. Web Interface for RBA-based Interaction

3.1. Concept of Retrieve, Browse and Analyze
(RBA)-based Interaction

One of the essential properties of our activities in the Web is
that we do not always have the topics of interest while surfing
on the Web. Therefore, not only submitting relevant queries,
but also evaluating the relevance of web pages is difficult for
us. Through the interaction with the Web, We find the topics of
interest, acquire the background knowledge about the topics,
based on which the relevance of pages is evaluated. Visualizing
(partial) Web hyperspace as well as document clustering can
improve the interaction between a user and the Web, as shown
in Section 2.

Considering the commercial success of web search engines,
it is rational that we assume the following steps for locating
and gathering information in the Web:

[Retrieve] Obtain a set of documents by submitting tentative
query to a search engine.
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Browse] Starting from individual documents in the retrieved
~esults, browse their neighboring pages (documents) and col-
¢ct (save) the relevant documents.

We call the interaction based on these two steps RB-based in-
“graction. It should be noticed that a user cannot always evalu-
1:¢ the relevance of pages correctly, and the evaluation criteria
frequently changes while he or she interacts with the Web. In
sther words, the context that affects the evaluation criteria is
somposed of the pages that have been gathered so far. There-
fore, we claim that the “analyze” step should be combined with
FB-based interaction. We call the interaction based on thesec
hree steps RBA-based interaction. From this viewpoint, some
>f information visualization systems denoted in the previous
section contribute for supporting RBA-based interaction. How-
zver, they put the analyze step between retrieve step and
arowse step. That is, the visualized space by browsing support
systems is mainly used for users to browse the hyperspace. On
‘he other hand, we propose to visualize the set of documents
‘hat is gathered as a result of the user’s RB-based interaction.

3.2. System Architecture

Document clustering-based visualization is employed as our
sroposed system, because it is assumed that a user usually
zathers the pages of interest from various Web sites, and most
jocuments have no direct hyperlinks to others. In particular,
‘ais assumption becomes valid in retrieve step.

In order for users to understand context information from the
visualized results, presenting only document clusters is not
znough, but the relationship among clusters should also be pre-
sented. The SOM-based visualization systems can satisfy this
© some extent, but the obtained structure seems to be fixed,
2ven if users can manipulate the visualized space with fisheye
sr fractal operation [9]. Furthermore, we think that the obtained
{ocument clusters should be presented to users as the lists, be-
:ause the Web users are familiar with the document lists that
are returned by most of search engines.

Therefore, we propose to visualize both of document and
<eyword space. Document clusters are presented to users as
1ists, while keyword space is visualized so that the relationship
among document clusters can be reflected (Fig. 1). For visual-
:«ring the keyword space, we employed the keyword map [8],
on which the keywords extracted from documents are arranged
31 that the pairs of keywords frequently appeared in the same
Jocuments can be arranged closely to each other. The point is
10w to relate the keyword map with document space, and we
Jropose a landmark-based approach, called plastic clustering
method [6, 7], which is described in the next subsection.
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Figure 1 Correspondence between Document Space and
Keyword Map

3.3. Immune Network Metaphor for Keyword Map Gen-
eration

A plastering clustering method[6, 7] has been proposed to
generate a keyword map as well as document clusters. On the
keyword map, the keywords related with the same topic are
assumed to gather and form a cluster. The plastic clustering
method extracts a representative keyword, called landmark,
from each cluster. As the border of keyword clusters on the
keyword map is usually not obvious, the constraints for extract-
ing a landmark is adopted from the viewpoint of document
clustering. That is, when documents containing the same land-
mark are classified into the same cluster, there should not exist
overlapping among clusters. The algorithm of the plastic clus-
tering method is as follows:

1. Extraction of keywords (nouns) from a document set, by
using the morphological analyzer and the stop-word list. In
this paper, only the keywords contained in 3 or more
documents are extracted.

2. Construction of the keyword network by connecting the
extracted keywords &; to other keywords &; or documents
d:

(a) Connection between k; and k;: (D; indicates the number
of documents containing both keywords.)

Strong connection (SC): D; > T;.

Weak connection (WC): 0< D; < T}.
(b) Connection between k; and d;: (TFj indicates the term
frequency of k;in d; .)

SC: TF; >Td.

WC: 0 <TF; < T,

3. Calculation of keywords’ activation values on the con-
structed network, based on the immune network model (Eq.
(H—5)).

4. Extraction of the keywords that activate much higher than
others as landmarks after the convergence.

5. Generation of document clusters according to the land-
marks

In step4, a convergence means that the same set of keywords
always becomes active (having much higher activation values



(about 100 times higher in the experiments) than others [10]),
which is observed after at most 1000 times calculation in most
of the experiments. As for the immune network model in Step
3, the simple model that has been proposed in the field of com-
putational biology is adopted (Eq. (1)-—(5)).
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here X; and 4; are the concentration (activation) values of anti-
body i and antigen i, respectively. The s is a source term mod-
eling a constant cell flux from the bone marrow and 7 is a re-
production rate of the antigen, while k; and k; are the decay
terms of the antibody and antigen, respectively. The J°; and J;
(€ {0,WC,SC}) indicate the strength of the connectivity be-
tween the antibodies i and j, and that between antibody i and
antigen j, respectively. The influence on antibody i by other
connected antibodies and antigens is calculated by the prolif-
eration function (5).

34. Keyword Map Visualization Interface

Keyword map-based information visualization interface is
developed for visualizing the topic stream found from a
sequence of document sets [8). The developed system called
TMIT (Topic Map Idea Tool) can generate keyword maps in
time series. The TMIT employs the spring model {5] to arrange
keywords on 2D space. Although a number of information
visualization systems employ the 3D graphics, they seem to be
suitable for the facilities such as museum, where visitors use
the systems. We claim that the system that can be in daily use
should be simple. Therefore, we employ the 2D graphics. The
basic algorithm of TMIT is as follows.

1. Define the distance /; between keyword i and j based on
their similarity R; by Eq. (6) (m is positive constant).
Ii=m(l —Ry). ©6)

2. The moving distance of keyword i in each step, (J.

is calculated by Eq. (7).
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3. In each step, the center of gravity is adjusted to the center
of 2D space.

In addition to this basic algorithm, two arrangement priori-
ties are newly introduced, i.e., the priorities based on spring
constant and frictional force, respectively. It can be under-
stood from Eq. (8) that the influence of strong spring (with
large spring constant) is greater than that of weak ones. Here,
the springs connecting to landmarks are given larger spring
constant than others, so that the landmarks can have priority
than other keywords in terms of arrangement. Furthermore, the
idea of frictional force is introduced to consider the arrange-
ment property in terms of topic stream. That is, when a new
data set is to be visualized, the keyword arrangement of current
keyword map should be preserved to some extent, so that users
can easily grasp the relationship between the current and new
maps. In TMIT, the moving distance of keyword i considering
frictional force is defined as follows.

(é‘;,.,dy’,.) = (max (6, —,u,O),max(dy,. —,u,O)). (10)

When a new data set is to be visualized, the keyword that

has already shown on the map is moved with the moving dis-
tance (O,

xi’

peared is defined by Eq. (7).

J'”. ). On the other hand, the distance of newly ap-

4. System Implementation

A prototype system is developed based on the description in
the previous section. When designing the system, we consider
the followings:

1. The system should be used by users, in combination with
Web browsers for everyday use, such as IE and Netscape.

2. It should be used independent of platform (OS, hardware,
etc.).

3. Further improvement or addition of new analyzing func-
tionality should be possible in future.

Therefore, we employ server-side programming technique,
as show in Fig. 2.

In Fig. 2, a user can interact with the Web with ordinary
Web browsers as usual. The system displays a small control
panel on a separate browser window, on which the user gives
several instructions to CGI programs, such as follows:



(1)get_page User
(2)get_link Info;
(3)get_pages
(4)analyze
Web " web Invoke

browser < Server \
HTMLpage ~ “\— \ jees
with Javascript Results

(pages)

Figure 2 System Configuration

{get_page] Collects the information of the page that is dis-
>layed on the user’s browser window.

iget_link] Extracts and displays the link information within the
iisplayed page.

.zet_pages] The page returned by “get link™ instruction adds
:heckboxes to individual links, by checking which a user can
:ollect several pages in one instruction.

;analyze] The collected page information is stored in the user
nformation DB, to which the plastering clustering method is
applied and the results including document clusters and key-
wrord map data are returned to the user.

As the result of “analyze” instruction, the document clusters
are returned as the Web page consisting of clusters with URL
ists and landmarks. The page also contains the link to the data
set of generated keyword map, and a user can download the
Jata set and display it with TMIT, which is implemented with
TAVA, as independent tool, not as Applet.

Fig. 3 shows the example of keyword map generated by the
arototype system. The figure clearly shows landmarks improve
“he readability of keyword map.

Figure 3 Keyword Map with Landmarks
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5. Conclusion

The concept of Retricve, Browse, and Analyze (RBA)-based
interaction is proposed, based on which the web information
visualization systems is implemented. The implemented system
employs the keyword map based visualization so that users can
casily understand the context of their interaction with the Web.
As for the fulure study, the experiments with subjects are
scheduled.
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