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Abstract

This paper describes an agent-based selective
distribution system (Sedis) that connects a content authors
and readers. Sedis has an information-server selection
function that selects approprate digital libraries when an
author wants to register his’her work. This system consists
of agents at user sites and at digital library sites. When an
author wants to register his’her content with a digital
library, an agent selects digital libraries that have many
readers who may be interested in the content. At the
selected library sites, agents then select readers who are
interested in the author’s content. These agents leamn the
fields where each library is good at and the interests of
readers in order to select appropriate libranies and
appropriate readers. For leaming and selection, Sedis uses
information filtering technique. In researching Sedis, we
developed a new filtering method called the ‘“hybnd
method,” and we are using the method to implement the
Sedis system. The hybrid method combines a content-
based filtering (CBF) method and a social information
filtering (SIF) method. The hybrid method changes the
weights of CBF and SIF in the final recommendation
based on their reliabilites. Through experiments, 1t was
found that the precision of the hybnd method 1s higher
than that of conventional filtering methods.
Key words: Digital Library, Agent, Information Filtering,
Information Distribution System
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Fig.1: Agent-based Selective Distribution System
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1 Introduction

In conventional digital library research, the users of
digital libranies are referred to as “readers”. In the next
generation of digital libranes, however, “authors” should
be users, too. Accordingly, it 1s important to provide
connections between authors and readers and 'places
where authors and readers can meet and communicate.
For instance, a digital library provides services that include
registering new content on-line directly from an author to
the library, sending lists of new content to library readers
when they register, distributing book reviews or lists of
favorite writers among library users, and announcing
library events.

To achieve connections between authors and readers,
technology 1s needed that connects authors with
appropriate digital libraries.  In fact, flood of information
1s a problem for content authors, too.  Although authors
want to know readers who are interested 1n their work; 1t 1s
very difficult to find appropnate digital libraries in which
they can register their content Digital libraries also
struggle over how to find good authors who can provide
content that will interest their readers.

To solve the problems explained above, we have
developed an agent-based selective distribution system
called “Sedis”” Sedis combines information filtering
technology and agent technology to provide links that
connect authors, digital libranes, and readers. In
researching Sedis, we developed a new filtering method
that 1s combination of CBF (Content-Based Filtering) and

SIF (Social Information Filtering), and then used the
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method to implement the Sedis system.
The next section describes the configuration of Sedis.
Section 3 presents a new filtering method, and section 4

describes related work. Section 5 discusses future work
and provides some conclusions.

2 Development of the  Selective
Distribution Agent System

Sedis is a de-centralized distnbution system that
consists of agents at user sites and at digital library sites
(Fig. 1). When an author wants to register his/her
content with a digital library, an agent selects digital
libraries that have many readers who may be interested n
the author’s content. At the selected digital library sites,
agents then select readers who are interested in the
author’s content, and send the content to agents in the
selected user sites.

In order to select the most approprate libranes for the
content, the user-site agents leam the fields where each
library is good at. In order to select readers who may be
interested in the content, the library-site agents study the
interests of readers from readers’ ratings and prior content
selections.

2.1  System Configuration

The Sedis system consists of information server agents
that select readers, request reception agents that select
libraries and a control information flow inside each user
site, and user agents that act as user interfaces (Fig. 2).

Figure 3 shows the information flow within the system.
When a user agent receives some content from an author,
the user agent sends it to a request reception agent. This
request reception agent then selects libraries suited to the
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content and registers the content
at those libranies. When an
information  server  agent
receives the authored content
from the request reception agent,
it recommends the new content
to readers who may be
interested.

When the request reception
agent at a reader site receives the
recommendation, the reception
agent sends 1t to the user agent.
Finally, the user agent notifies
the reader of the

recommendation.
When the reader selects this
content from the

recommendation list, the body of the content 1s presented.
The reader may then evaluate the content on five levels.
When a rating is entered, the evaluation is transferred

along the information flow upward so that it 1s delivered to
the request reception agent at the author’s site.

2.2

Functions
The request reception agent leams fields where each

library is good at in order to select the most appropnate
libraries for authored content, and the information server
agent leamns readers’ interests in order to select readers
who may be interested in that content. These agents use
the hybrid method for selection and leaming.

2.2.1 Request reception agent
(1) Information server selection

When new content is registered to the request reception

agent, the agent predicts each content score (for the

readers) using the hybrid method. Readers at other sites
who may be interested in the content are selected, and the
content is then registered at the libranies where these

readers are registered.

(2) Adaptation to user interests

When the request reception agent receives content

ratings by the readers at the readers’ and author’s sites, the
agent changes those readers’ interest profiles using the
hybnd method.

The agent raises the importance of profile terms that

appear in content with high ratings, and lowers the
importance of profile terms that appear in content with

low ratings.
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Fig. 4: User Client

2.2.2 Information server agent
(1) User selection

When new content is registered with a library, the
information server agent uses the hybrid method to predict
each reader’s score for that content and only recommends
the registered content to those readers who have high-
predicted scores.
(2) Adaptation to user interests

When the information server receives reader ratings,
the information server agent also changes the stored
interest profiles using the hybrid method in the same way
as the request reception agent, which was explaned
earlier.

2.2.3 User agent

The user agent is the user interface of Sedis. The user
agent receives content from an author and sends 1t to a
request reception agent. The user agent also displays a
recommendation list, which was received from the request
reception agent, to a reader and sends reader’s ratings to
the request reception agent.

The user agent consists of a user client that 1s a Java
applet on a Web browser, and interacts with user. The
main body of the agent relays messages between the user
client and a request reception agent.

Figure 4 is the user client, which shows the
recommendation list and body of the content. If reader
selects the content title from the recommendation list (the
upper text area), the body of the content appears in the

e 3 Development of the Hybrid Method

Using information filtering technology, Sedis

. achieves 1) the selection of appropnate digital libraries

& to which authors can register content, 2) the

o recommendation of content that will interest readers,
and 3) the leaming of strong fields in each library and

P B leaming of readers’ interests for the above selection
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| and recommendation.

There are currently two major types of information

~ filtering methods. One is the CBF (Content-Based
~B  Filtering) method, which uses actual content features
egist Eval B such as the number of times specific words appear.
| The other method is the SIF (Social Information
 Filtering) method (or so-called collaborative filtering),
B that uses other user ratings of the content. The CBF

&  method can filter information that has not been

a2 & ¢ evaluated previously. SIF, on the other hand, can filter

information that contains figures and tables that are too

complicated to be analyzed by CBF [1]. To obtain the
advantages of both CBF and SIF, the hybrid method uses
CBF to predict scores of unrated information and use SIF
to predict scores of rated information.

3.1 Conventional Information Filtering Methods
The conventional filtering methods, CBF and SIF, are

explained in the following section. This paper considers
ratings based on the numeric scores given by users.

3.1.1 CBF

In a typical CBF [2], information content and user’s
interests are represented by vectors. A vector that
represents the information content 1s called a document
vector; 1t uses the term frequency (or appearance) as the
term importance. A vector that represents the interests of
user 1s called a profile.

CBF both predicts scores and leams interests. To
predict scores, CBF matches document vectors with user
profiles. To leam a user’s interests, CBF increases the
importance of terms in highly rated information and
reduces the mmportance of terms 1n poorly rated
information (Fig. 5).

3.1.2 SIF
People who have similar interests often recommend

useful information to each other. Conceptually, SIF 1s an
automation of the kind of information sharing that 1s often
done by word of mouth. In a typical SIF [3], vectors of
user ratings for recommended information represent the
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interest of users. SIF consists of a user similanty
computation and a score prediction (Fig. 6).

Therefore, the first step of SIF is to measure similarities
between past ratings using a cormelation coetficient.
Then, predictions can be made by computing a weighted
average of other user ratings. The similanties between
the current user and other users are used as weights. The
weighted average 1s then computed using the ratings of
users who have similanties greater than a certain threshold
[3].

s ———
User profile
Profile learning
e

Rated
information

3.1.3 Comparison

This section compares CBF and SIF, then discusses the
problems of these methods. CBF filters information based
on the mformation content (terms), and SIF filters
information based on scores given by other people.
Because of these differences, the two methods have the
following characteristics:

I) Importance of figures and tables:

In CBF, mformation mmportance can only be
determined by word terms. Therefore, it 1s difficult to
recommend information that includes mportant
information 1n figures or tables. Here, however, SIF 1s
likely to produce quality recommendations since
importance has already been assessed by other users.

IT) New information:

CBF is able to filter information that has not been
evaluated by other people. SIF, in contrast, can only
recommend information that has been evaluated by other
users.

IIT) Unleamed terms:

CBF leams a user’s profile only through information
that has been rated by the user himselt/herselt. Theretore,
CBF accuracy declines if information contamns many
unleamed terms that have not previously appeared 1n rated
information.

The ability to filter new information 1s an advantage of
CBF. However, many important new terms (such as
“Java” or “XML”) appear on the Internet every day. The

———
Information rated Rated
by other users information
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problem of not being able to understand new terms means
that CBF cannot filter these new topics well. This can be
disadvantageous for CBF when 1t 1s used in information
recommendation services [4].

3.2  Hybrid method

CBF can filter information that has not previously been
evaluated. SIF, on the other hand, can filter information
that contains figures and tables that are too complicated to
be analyzed by CBF. The hybrnid method was developed
to have both the advantages of CBF and SIF. There are
two combination stages in this hybrid method. One 1s a
prediction merge which merges predictions, and the other
s a leamning strengthening which strengthens leaming (Fig.
7).  The hybnd method improves the filtering
performance by using reliability (described below m
3.2.1).

The prediction merge integrates the predictions of CBF
and SIF. CBF i1s used for predicting scores of unrated
information. For rated information, a more rehable
prediction 1s selected as the final prediction from SIF’s
predicion and CBF’s predicion. The leaming
strengthening stage uses SIF results for profile leaming 1n
CBF. CBF leams the importance of terms in unrated
information using SIF’s predicted ratings in addition to the
user’s real ratings.  This strengthened leaming uses SIF’s
predictions, which have a high reliability;

3.2.1 Predicted score reliability

The hybrid method introduces reliability to predicted
scores to improve the filtering performance. The
reliability of predictions 1s affected by the amount of data
that 1s used 1n the predictions.

In CBF, a prediction score 1s calculated with a
document vector and a user profile. In SIF, in contrast, a
prediction score is calculated based on user similanties and
the scores of other users. Therefore, reliability waill
increase in proportion to the amount of data used in the
predictions. In the hybrid method, resultantly, the
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information
reliability of predictions is estimated using the amount of
data.

3.3  Experimental evaluation

Experimental Data: To obtain efficient data, we ran a
patent-clipping service in our laboratory. In this service,
user ratings were recorded as iteger numbers from 1 to 3.
Larger scores indicated stronger interests by users.

In these expeniments, there were 45 users, all of whom

used the service often. These users provided 10,709
ratings for 3,000 different patents. Table 1 1s a histogram
of the ratings. In these tests, document vectors were
generated to extract nouns (other than numerals) from the
titles and the summaries of the individual patents. Table
2 shows the number of terms n the document vectors.
Experimental Methodology: The author uses 10-fold
cross-validation in order to compare the individual
methods and decide on the value of each parameter. In
the 10-fold cross-validation, predictions can be generated
for each real recommendation score.  Then, the
prediction performance 1s measured by comparing the
predicted scores to real scores.
Error Estimation: In the expenments, the reliability i1s
measured by the error value, which 1s defined by the
square of the difference between the predicted rating and
the user’s true rating. A preliminary experiment was
performed to define the error estimate expressions.
Ermrors were estimated with polynomial expressions that
were based on the quantity of data used in the predictions.

For CBF, the number of terms 1n a profile was used for
measuring the length of that profile. In addition, the
quantity of terms that appeared in both the document

Table 1: Histogram of ratings

Ratings

Sum
-
10,709 | 5,165 | 1,997 | 1,547 | 1,270
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vector and the profile was used to measure
the length of the document vector.

For SIF, the sum of the similarties
between the current user and similar users
was used as the number of similar users.
The error of the predicted score was
estimated using a quadratic polynomual
expression, which included the amount of
data used m the prediction and the
reciprocal of the data amount.

3.3.1 Summary of Results
Figures 8 and 9 are graphs of results

from the experiments. The horizontal
axis denotes the cut-off rank, 1.e., the rank sorted by
predicted ratings. The vertical axis represents the
precision, 1.€., the rate of 4 and 5 scores at the cut—off rank.
This represents the quality of a service that a user observes
directly.
Learning Strengthening: Figure 8 compares CBF with
three leaming strengthening methods. One method 1is
CBF without leaming strengthening and the - other
methods are simple strengthening (The method chooses
higher predicted scores N/2 and lower predicted scores
N/2.) and strengthening with reliability (First, the
method chooses higher predicted scores N and lower
predicted scores N. Then, based on the 2N of the
predicted scores chosen, the method chooses N.); N 1s the
number of scores rated by the current target user. The
results show that strengthening with rehability gives the
best precision.
Prediction Merge: Figure 9 compares three prediction
merge methods after learning strengthening (strengthening
with reliability). Simple merge does not consider
estimated errors. It 1s done pnor to SIF. The approach
only chooses a CBF prediction if SIF cannot predict a
score. Switch merge chooses a prediction that has a low
estimated error.  Blend merge blends the CBF prediction
and the SIF prediction using errors as weights. The final
prediction 1s calculated with the following expressions:
(predicted score of SIF * estimated emmor of CBF +
predicted score of CBF * estimated ermor of SIF) /
(estimated error of CBF + estimated emor of SIF). The
results show that switch merge gives the best precision.

In our experiments, the number of users was less than
that needed to ensure the good prediction reported 1n [3].

Table 2: Number of terms

Documents
3258 | 66 | 10




Precision

However, the results of our experiments show that the
hybrid method has an excellent performance, even though

the filtering performance of SIF alone was not ideal.

4 Related Works

This research focuses on the technology that provides
connections between authors and readers through digital
libranes. The technology that connects readers with digital
libranies has been researched. For example, a cross-
domain search system has been developed. It helps user to
search many digital libranies to find content that fits their
mterests[5]. Recommendation systems[1] that have been
developed also help digital libraries to offer content that
fits users interests. However, in these previous research
works, the users of digital libraries have not included
“authors”. Sedis combines information filtering and agent
technology to provide links that connect authors, digital
libraries and readers. In the Sedis, authors can find
appropriate digital hibraries in which they can register their
content, and digital libraries can get contents that will
interest their readers.

Conceming other filtering methods, Fab of Stanford
University [6] also uses a combination of CBF and SIF.
Fab 1s a Web page recommendation system and performs
collection and selection in two stages. In the collection
stage, each collection agent collects pages on the topics it
covers. The central router and selection agent control the
selection stage. The central router matches pages
collected by the collection agent with user profiles and
sends them to the appropriate user selection agents. The
selection agent presents pages that have not yet been read
by auser. When a user gives a rating of one of seven (a
grade), the selection agent uses that rating to update the
user's profile, and 1n tumn, the collection agent updates the
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topic profile.  These agents use CBF to select
mformation. In addition, pages with high ratings are
recommended to similar users. In other words, Fab uses
a simple combination of CBF and SIF. This method can
be called prediction merge without reliability.

The hybrnid method used by Sedis uses both the results
from SIF, for learning the importance of words in a CBF
user profile, and the merging recommendation results
from CBF and SIF. This leaming strengthening enables
the method to do highly accurate recommendations.
That 15, with leaming strengthening, the accuracy is
improved 1n predicting the importance of words, and this
means that highly accurate recommendations can be
achieved. This 1s because word importance can be
calculated 1t words appear in content, which means that
leaming strengthening can be applied even to unknown
words that do not appear in rated content.

5§ Conclusions

This paper describes an agent-based selective
distnbution agent system (Sedis). Sedis provides links
between a content author and readers, which will be an
important service in the next generation of digital libraries.
The system combines information filtening technology
and agent technology to provide links that connect content
authors, digital libranes, and readers. In researching
Sedis, we first developed a hybnid information filtering
method, and then used that method to develop the Sedis
system. This hybnd method uses both content features
and rated data.

The Sedis system consists of information server agents
that are located at digital hibrary sites, request reception
agents that are located at user sites, and user agents that act
as user interfaces. The request reception agent leams fields

0.8

e— SWitch

--------- Blend
e Simple

0.6

0.4

0.2

0 500 1500

Cut-off rank

1000 2000 2500 3000

Fig. 9: Prediction merge



where each library 1s good at in order to select the most
appropriate libranies for registering content, and the
information server agent leamns readers’ interests in order
to select readers who may be interested in the content.
These agents use the hybrid method for selection and
leaming.

The hybnid method 1s a combination of CBF and SIF.
The hybnd method estimates the rehability of CBF’s
prediction and SIF’s prediction based on the amount of
data that 1s used in these prediction processes. Then, a
more reliable prediction 1s selected as the final prediction.
Through experiments, it was found that the precision of
the hybnd method 1s higher than that of conventional
filtering methods.
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