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Abstract

Generally, we want to be searched the newest as well as some appropriate personalized information from the internet resources. However, it

is a complex and repeated procedure to search some appropriate information. Moreover, because the user's interests are changed as time goes,

the real time modeling of a user’s interests should be necessary. In this paper, I propose PREA system that can search and filter documents
that users are interested from the World Wide Web. And then it constructs the user's interest model by a modified spreading neural network.
Based on this network, PREA can easily produce some queries to search web documents, and it ranks them. The conventional spreading

neural network does not have a visualization function, so that the users could not know how to be configured his or her interest model by the

network. To solve this problem, PREA gives a visualization function being shown how to be made his interest user model to many users.
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1. Introduction

A personalized agent system needs a user profile to compute
and interpret the user’s information requirements. So it uses a
user profile that contains user’s interests to search and filter
information from WWW. The most important thing in
construction of a user profile is how to learn intelligently about
user’s interests [1,2].

There are some applications trying to learn a user’s interest.
For example, WebWatcher[3], Krakatoa Chronicles[4], Fab[5],
News Weeder[6] and so on. These applications use a vector
space model to represent documents or user’s interests. They
also usc a relevance feedback and a reinforcement learning to
profile the learning algorithm. These approaches are well
understood but they do not contain some semantic relations
between terms and documents. Therefore, I tried to make a
network based on a construction of a user profile and a learning
algorithm that can be modeling concepts that are important for
some users and reduce a feedback process.

Jennings and Hideyuki proposed a user model neural
network for making a user profile for a personalized news
service[7]. A user model neural network can be made by a
simple model of activation spreading networks that have
studied in information retrieval and semantic network area[8].
It consists of terms and their associated weights. Terms have
their own energies that indicate their importance, and there are
correlated weights that indicate some correlation among terms.

The conventional user model neural network by a spreading
activation network is useful more than by other multi-layered
neural network. Therefore, in this paper the modified user
model neural network is used as a profile mechanism in PREA
(Personalized Research Agent) system. And the network can be

formulated by the energies and the weights among terms.
However, in the previous studies it is ambiguous that how the
network is learmning mathematically. To make up for the
problem, a visualization process of making a user model in real
time is proposed here. Through the changes of the network,
users can see how to be changed the energies of terms and
weights and the configurations of their interest in PREA.

This paper is composed of 5 chapters. In chapter 2, I will
explain the PREA structure and the modeling concept. In
chapter 3, T will explain the implementation processes. In
chapter 4, 1 will discuss some simulation results, and finally I
will discuss conclusions and further studies of this paper.

2. Overview of PREA System

Figure 1 provides an overview of the whole PREA system.
In PREA, a user must input lots of paper data that he or she
wants to manage before the agent can process. The knowledge
of paper data is a kind of terms such as titles, authors, journal
and abstract and so on. Whenever a user uses the local paper
database, PREA records queries, search results, selected
records and printed or saved records. The paper data which a
user contacts become features. The features are used to
construct and adapt a user model neural network with web
document features.

After the construction of a user model neural network by
features of paper database, PREA prepares to search web
documents. PREA makes a query which is suitable to
AltaVista[11] engine from a user model neural network by
selecting several high energy terms from the network. The
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Figure 1. Overview of PREA System
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search engine searches documents from the web based on a
given query by PREA and returns the results. PREA ranks the

retrieved web documents based on a user model neural network.

The ranked web documents are proposed to a user. If the
user selects a URL web browser, it connects to the web site in
PREA. The user can explore the links of the web sites and can
reject them if they are not related with his or her interests. The
selected and rejected web documents are used for constructing
and adapting the network about the user model. As time goes
by the network, it adapts to the user’s interest very well.

3. User Model by Modified Spreading Neural
Network

A user model neural network proposed in this paper is not a
radically new model of neural network. However, it has
somewhat different structures from the traditional neural
network structure. Because a user model neural network is a
simple form of spreading activation network that have studied
in IR(Information Retrieval) and semantic network area. In this
part 1 will consider how it is different from the traditional
neural network models and why the network is appropriate for
modeling of a user’s interest.

3.1 Neural Network and Spreading Activation Network

Figure 2 shows the simple multi layer neural network and
fully connected neural network. The multi layer neural network
consists of an input layer, an output layer and more than one
hidden layer. It is also fully connected by a hidden layer but not
directly fully connected. The weights between layers have
information about relations between inputs and outputs. As
larger and more complex network, it generally offers greater
computational capabilities. The multi layer network have been
proven to have capabilities beyond those of single layer fully
connected network directly connected between each nodes and
each nodes’ output affects again other’s inputs. So the network
can be considered as a recurrent one layered network.
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A user model neural network is a kind of fully connected
network. There are some reasons why a fully connected
network is useful for modeling of a user’s interests. Inputs are
term’s weight from paper database and web documents, and
outputs are a value that indicates how much similar with user’s
interest.

In the user model neural network proposed by this paper,
each input becomes terms in some documents. And I can train
with some positive documents that a user is interested and
some negative documents that a user is not interested. After
training documents, if a new document comes to the network
output which has a number between O(not interested) and
I(interested). So PREA can classify new documents based on
the network. But there is a problem in training new data. A
user’s interests can change in timely manner, so the network
must train again by whole previous documents data and a new
data, but it is a very heavy computation. It is also hard to adjust
the number of units in hidden layers if the numbers of input
units are changed. And it is not obvious the relations with each
input units, so it can’t change or adjust the correlated weights
of units directly.

But if it is used a fully connected network that the relations
between each unit are obvious, it can adjust them directly. A
fully connected network is used in Hopfield network[9].
Hopfield network is very useful in associative memory and a
traveling salesman problem. A user model neural network uses
Hopfield network in structure and concept of energy, but it is
quite different from Hopfield network in that the training

algorithm and it’s using.

Figure 2. Multi layer neural network vs. fully connected
neural network

A spreading activation network is an associative processing
paradigm to be used in Information Retrieval [8]. It is made up
of a conceptually simple processing technique on a network
data structure. The network consists of nodes connected by
links, as depicted in Figure 3. The nodes are modeling objects
or features of the “real world” to be represented.

They are usually labeled with the name of the objects that
are intended to represent. The links are modeling the
relationships between nodes and weights. The connectivity
pattern reflects the relationships between objects and features
of objects of the “real world” to be represented. And the
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processing techniques are defined by sequences having many
iterations, and each iterations are followed by another iteration
until halted by a user or by triggering of some termination
condition. This spreading phase consists of a number of
passages of activation weaves from one node to all other nodes
connected to it. There are many ways of spreading on the
networks[10].

A user model neural network has a simple structure known
as a spreading activation network. The idea of activation and
learning each node is similar with neural network that Jennings
has used before the user model neural network, but this thesis
adjusts previous studies of a user model neural network. One is
a formulation of term energy and weight between terms. In
previous studies it was ambiguous how network is learning
mathematically. The other problem is lack of a visualization
process of a user model network in application. Even though
network changes and evaluates during use of applications, a
user couldn’t see how much the value of energies and weights
are and how network looks. However, in the course of the
using of an application, a user can see how network change in
PREA.

3.2 Structure of User Model Neural Network

Figure 3. Spreading activation network

A user model neural network is constructed with nodes of
terms and weights between nodes. The nodes of a network
represent words that frequently appear in paper database or
web documents that a user has read. It is similar with a spread
activation network that has been used in IR. Figure 4 shows the
modified user model neural network proposed in this paper.
The formulation of terms weights and weights between terms
are followings.

(1) Learning in paper DB

/
Bq.l Wiy =W +tf,-a" - F - A
VV,NEW is new weight in nodei.  isold weight in
node i. This equation means that the weight is increased by
term frequency t }f , paper database constant a’ , field
constant Fk and database contact constant /4,,

(2) Learning in web documents
Eq2 Waew =Wop +th-a’ - f-H,

Equation 2 is similar with equation 2. But there are some
different variables. &

makes difference terms in web documents feature lists with

is web documents constant which

paper database feature lists. 7 is a feedback constant. If terms
are web documents that a user selects / is +1, and user
rejects fis -1. H/{ is a hyper text field constant that varies
along some hyper text tags.

(3) Learning between terms

Eq. 3. Wi/‘NEW = W00 + a@acy

VV/‘/‘NEW is new weight between node i and j , '/wa is the
old weight between node i and j and C P is co-occurrence of
term i and j in feature lists and « is constant to determin

onamont of increase at each co-occurrence.
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Figure 4. Modified spreading neural network of user model

The construction of a network is performed after each
session of using the network browser is modified on the basis
of the used web documents and paper database. So the
computing time of a network is not excessive. As a network is
intended to represent a user’s interests, which will be changed
over time, a mechanism of decay of node’s energies is needed.
PREA just set a fixed amount for decrease node’s energy and

connection strength.

3.3 Ranking of the Network

Assume that a network is already constructed by the method
described in the previous section and there are feature lists of
searched web documents. If the feature lists exist in the
network, those terms can fire. And if the input to unfired terms
is over the threshold, the terms can fire, too. The procedure is
repeated for all nodes that are connected to active nodes. Until
the network settles down to an equilibrium state, the procedure
of node firing is continued for several times. Then PREA sums
the all active node’s energy, and it becomes a ranking score to
measure how it is similar to the network.

The effect of a nonlinear measure is to bias the process of
article ranking towards a deeper exploration of documents that
are relevant to the current user interest. If there are a number of
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nodes with strong connections to a single feature in a web
document, then that document will receive a high ranking.

4, Implementation and Simulations of PREA

Figure 5. Main form of PREA

4.1 Initial Interface

Figure 5 shows PREA system as it appears to the user. The
main form of PREA system is for a management of a paper
database. The management of a paper database is also an
important role of PREA. It organizes a paper database that a
user had or is interested in. The use of paper database becomes
basic information to construct and modify a network.

The left part of Figure 5 is a collection of tools to manage
the paper database such as input, edit, print, lend, return and
search. The right part is to search the results of paper data. For
example, if a search query is the “agent”, then the result is the
whole paper data that include term “agent” in paper data field.
The right below part shows that specific information of paper
data that a user selects in search results.

After using the paper database, it can construct and adapt a
network. The left part of the form shows terms in a profile by
high weight order, and the right part shows the related terms
and connection weights based on the selected terms from the
left part. The size of the circle at each node means the node’s
weight and width of the connected line to each node refers to
its correlation weight.

Therefore a user can see directly how a network is
constructed and which terms are related to a specific term. Also
a user can delete, edit and insert nodes and node’s energies to
the network. But a user must be cautious to edit the nodes
directly because it affects the performance of the search and
ranking. If a user clicks “Profile Update” button, the network is
constructed an adapted based on user’s paper database using.
The process time depends on the number of terms in feature
lists.
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4.2 Web Document Ranking and Navigation

After the network is constructed, PREA searches web
documents that a user is interested through the AltaVista search
engine, and it ranks the search results based on the network.

The process is like the followings. A user can change the
number of terms in query for AltaVista and the number of
ranking web documents. If a user increases the number of
terms in query, the number of results will be decreased. It
means that precision will be increased but recall will be
decreased in the searching. Even though AltaVista searches lots
of web documents, it is needless to rank whole web documents.
So a user can adjust the number of web documents to be ranked
through the network. The initial number of ranking web
documents is 30. The process time of web search and ranking
depends on the number of web documents to be ranked.
Because PREA visits each web site to be ranked, it extracts the
main features. The traffic of some web site is usually high. So
it takes a great deal of time to connect, and there is also the
problem of disconnected web sites. In initial setup condition
having 30 ranked web sites, it takes average 10~15 minutes to
extract web documents feature and rank based on the network.

Figure 6 shows the result of ranking web documents based
on the network. There are some information about the URL,
title, site description, last updated date and language of ranking
web site by high ranking order. Information about these web
documents is from AltaVista. If a user does double clicks the
URL, it connects to that web site using an internal web browser.

PREA’s web browser includes Microsoft Internet Explore
5.0 and can observe user’s browsing. If a user selects a web site
for ranking results, the web browser will connect to that site. A
user can explore another site that is linked from that site or
check for unrelated site. PREA’s web browser records this
information from web sites that a user has visited or a user has
rejected. After finishing the process a user can update a profile.
If a user clicks “Update Profile” button as shown in Figure 6,
and then the network starts an adaptation process, and its
process time takes about 15~20 minutes.

The whole process is one session of network adaptation. It
does not need to use a paper database at every session because
the selected web documents also affect the adaptation of the
network. But it is helpful to adapt quickly to a user interest at
first stage. And PREA needs enough time to adapt to a user’s
interest.

4.3 Simulations Environments

The effectiveness of PREA system can be estimated by
testing by many users. A user model neural network adapts to a
user’s interest when the wuser uses a paper database
management and web document search and navigation. Before
a real user test, PREA was tested for a network construction
and web document ranking.



Personalized Agent Modeling by Modified Spreading Neural Network

£11 417 Altavista(18)
bttp://wrarw, g sinic g edu,tw/1B/98/threeapne 380801 him|
Titie: IS Library : August (1) in 1998

Sto Dusoripner 8-12-1998 update, 1998,.08, (1)........ -

Title search, .,

DatedeLanguaga'Last modified on: 12-Aug-13%8 - 10K bytes - in English

£21 317 Atavista(d)

hitp://bhmac. eng,uc. edy/bogks /may, himl

Tile: ay New Books

Site Description: Engineering Library New Books May, 199, Books | Microfiche, Books, HE192,5 ,R46 no,39, THE COSTS

OF SPRAWL-- REVISITED / ROBERT W, BURCHELL ., (ET,

DutsdLanguege Last modified on: 10-Aug-1999 ~ 11K bytes - in English

€31 316 Altavista(10)

hitp://www, ms, uky edy/~ sohurnMbrary/slips 1,396, hirnl

Tide! sarch Result Screen

Site Desiription: serfame Wkyb2528 SearchFtco e:US Only. Search Slips Sent on Approval, Ssarch Criteria:FULL LC_CALLM
MBER BEGINS QA, Displaying Record(s).

Dexedlanguags Last modified on: 10-Sep-1998 - 10K bytes - in English *

[Selected URL:

P

{
it/ /wvins akavista. com/ cghbin/ query Ppgeghsiype=stesthsc=ont] i
H
|
i

Figure 6. Ranking result of web documents

To see how well it works in network construction, the
system was tested in 10 sessions. One session is a whole
procedure of web document’s searching, ranking and network
adaptation. And 1, 2, 6, 7 sessions were only for local paper
database features, and others were for the selected web
document features. A user’s interest was the “agent system”,
and about 800 local paper data were sampled at bibliography
on software agents in the collection of computer science
bibliographies[12] before simulation and saved to the paper
database.
shows a network around terms

Figure 7 sample

“agents”, "intelligence”, “distributed”, “reinforcement”, “archit
ecture” and “’software”. The first figure at top left shows that
the related weight between “artificial” and “intelligence” is
higher than other weights. So in ranking procedure it is more
likely to fire “intelligence” than the term “artificial” fires. It is
similar with the next figure, “artificial” and “distributed”.

There are many parameters that may change a network status.

In PREA, a user can directly change a network status, too.

‘TERNAYID&L

‘EE

Figure 7. Network visualization process

4.4 Web Document Ranking

After confirming how well the network is constructed, in
order to see how the network can filter and rank web
documents quite well according to user’s interest, I used the
network in the previous session.

At first the system made queries for AltaVista search engine
using the terms in the network. The number of query terms was
restricted 13, and the number of essential query was 2. The
system extracted the queries from the network. In the test,
essential query terms were “agent” and “proceeding” and other
11 terms having high energy order were selected another query
terms. Then the resulting number of documents by web
searching was 335. And I set the number of web document to
filter as 30, so the system visited 30 web sites and extracted
features and began ranking web documents.

Table 1 shows the result of the ranking ordered by each
score. The second column shows AltaVista search ranking. As
it can be shown, it is somewhat different from PREA ranking.
It is because AltaVista search engine only concerns statistical
results of query but PREA concerns how it is similar with the
network.

For example, the AltaVista ranking of the top PREA ranking
document is only 18. But PREA ranking of the top AltaVista
ranking document is 21. The reasons why the differences are
happened is that the content of the top ranking documents in
PREA is journal and conference list in the “artificial
intelligent” and ‘“agent” systems at Shinca University in
Taiwan. Because in the documents there are many terms in the
network it can be made to fire terms and related terms in the
network, so the document can get high score. Even though
AltaVista ranks top documents, it is just for the query. In top
ranking document in AltaVista, there are so many documents
almost having no relationship with “agent™ area, even though it
contains “agent” and “proceeding”. The document is about
House Bill list of State of Rhode Island, it is a very long list so
many words in the query are contained even though they have
no relation with software agent.

There are many parameters that can change the ranking.
Among the firing parameters the firing threshold is the most
important parameter in the network. Generally speaking, a wide
range of network behaviors is possible with different settings.
A low firing threshold gives a very active network that readily
makes associations, giving a high article energy when several
network nodes are present in the document. If it makes the
threshold too low in PREA, it can be lost the ability to make
high precision searches.
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Table 1. Ranking result of PREA compare with AltaVista
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PREA | AltaVista Score URL
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2 1 17 47 http:/7204.17 96.10AVWWEILLH HTM

4.5 Simulation Results

The final purpose of PREA is how the system can filter
efficiently web documents that a user is interested. To measure
it, real two users have used PREA for two weeks. They had
different interests in research area. One is “Intelligent Agent”,
the other is “Digital Communication”. Their interests were not
clear but wide range of each area. To measure the system’s
efficiency, two measurements are presented in PREA.

a) Measurement 1:

Number of interesting documents in Top 10 ranking documents
(ranking test)

b) Measurement 2:

Number of interesting documents in whole filtered documents

(query test)

The measurement 1 can be a measurement for how PREA
ranks interest web sites for a user, and measurement 2 can be a
measurement for how PREA makes query well. Figure 8 shows
the result of this test.

The condition of simulation is described the followings:

a) Number of documents to filter : 30

b) Number of terms in query : 10

¢) Number of essential terms in query : 2

d) Network parameters, Featuring parameters which is
determined by many trials

As it can be shown here, usually the average number of
interest documents in PREA shown in top 10 ranking is much
more than the results in AltaVista. This means that PREA can
filter and rank of interest web documents for a user very well
than other search engines.
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Figure 8. Simulation results

5. Conclusions

In this paper, I proposed a personalized research agent
system, PREA, based on a modified user model neural network.
PREA helps to manage and organize paper data and search out
web documents for the research area that a user is interested in.
To model the semantics of the entire information storage, a
modified user model neural network is adapted in PREA.

The modified user model neural network is to overcome the
computational cost associated with attempting to model the
semantics of the entire information store, and overcome the
vocabulary problem. It is the first application of a web filtering
system using a user model neural network and there are lots of
possibilities to modify the system.

In the course of searching web documents about user’s
interests, the conventional user model neural network does not
give a visualization process making the user model, so that the
user could not know how to make his model as well as how
much correct the results. However, the modified user model
neural network in PREA proposed in this paper shows a
visualization process to the users very well, so that users can
know the network mode about his interests.

In the future, PREA should make up for the following:

A computational cost that depends on network size should be
reduced. Many other search engines should be adopted. Too
many heuristic parameters are needed. The sufficient testing is
needed.

Most of all, in order to probe PREA systen, it is necessary to
have so many tests about users who have different interests.
Also, the visualization process of the network needs to be
researched for refining, and the database of user’s behaviors
should be compensated in the future.
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