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Abstract
This paper presents an approach based on a user agent to permit a number of users connected to distant machines to access different
information sources in order to satisfy their requests. This user agent permits the simpli®cation of the information search from distributed
sources by making them transparent to the users. The agent considers the speci®c needs of each user during the search and responds with
reference to their pro®le. It also permits the processing of one or more information requests by one or more users, as well as concurrent
responses to each of them. Moreover, the agent provides its users with a measure of interaction, in order to enhance the quality and quantity of
the results obtained. As a result, the agent is endowed with the ability to ®lter and re®ne the search, thus improving its service to the users.
q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
The progress attained in the domain of information technologies over recent years has produced a great expansion in
the sources of information distributed throughout the world.
The enormous quantities of information render the task of
information research increasingly complex. It has therefore
become necessary to provide users with knowledge management mechanisms to facilitate this task.
On the Internet, information derives from heterogeneous
information systems and are presented under a variety of ®le
formats. Several search tools are being used to ®nd information (Yahoo, Alta Vista, Excite, etc.) some of which are
more ef®cient than others. However, some of them do not
allow users to reuse the results obtained in order to improve
them. Others do not take into account the interests or the
pro®les of the users at the time of the information search.
In order to be ef®cient, a research tool must be able to
®lter information and re®ne the search in accordance with
the pro®le of the user. This tool may be conceived as an
* Corresponding author. Tel.: 11-514-340-4711, ext. 4685; fax: 11-514340-3240.
E-mail address: samuel.pierre@polymtl.ca (S. Pierre).

agent capable of taking into account the individual needs of
each user and of responding to one or several requests for
information originating from one or several users. In addition, the agent should allow the users a certain interaction,
so as to improve the quality and the quantity of the results
obtained. To this end, it must be capable of ®ltering and
re®ning the search in order to respond adequately to different types of users.
In general, a user pro®le consists of a set of speci®cations
and characteristics which describe a particular user. In the
framework of information search, this pro®le can represent
the needs and interests of the user and its role is to direct the
search according to those needs. Indeed, if the interests of
the user of a given request are taken into account, the quality
of the results yielded can be greatly improved upon as a
function of the needs of this user.
This paper deals with the integration of the user pro®le
into the process of the search for information. In this
context, we discuss an agent-based approach which enables
a number of users connected to distant machines to access
information sources in order to ful®ll their requests. Section
2 outlines previous work in this domain by showing the
representation model called ªvector spaceº. Section 3
presents the spherical model, proposed as a means of
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integrating the user pro®le into the information search
process for the purpose of ®ltering. Section 4 focuses on
the implementation and application of this model.
2. Background and related work
In order to integrate the user pro®le element into the
search context and thus improve the quality of the results,
we will then analyze three approaches derived from this
model [1]. Myaeng [7] de®nes three methods for using the
information of the user pro®le in the course of a search: (i)
the modi®cation of the request by the pro®le; (ii) the processing of the request and the pro®le as two entities directing
the search; and (iii) the ®ltering of the results corresponding
to the pro®le. A large number of models and approaches
based on these methods have been proposed and tested.
The de®nition of the majority of them has been based
upon the representation or vector space model [2,6]. In
this model, the documents, requests, and user pro®les are
considered as a set of vectors or points in a space of n
dimensions, where n denotes the number of terms ti in a
given source of information [10].
Several schemes have been proposed for the de®nition or
the parameterization of the vector space. Indeed, the vectors
or the points in this space must be well de®ned in order to be
used as a basis for comparison or measurement of the similarity among them. It should be noted that these vectors
represent documents, requests, or user pro®les.
In the vector space representation, a document vector
may be obtained from the set of terms which constitute
this document. To support the set of documents of an information source S, each document must represent all the terms
ti 1 # i # n which can exist in this source. This source S is
also considered as a vector of terms ti S  t1 ; t2 ; t3 ; ¼; tn 
such that for every i  1; ¼n; the term ti belongs to a certain
document D of the source S. In addition, to de®ne the document vectors in this source, its terms ti must be classi®ed in
a certain sequence (e.g. alphabetically). In this manner, the
representation of a document D in the source will be as
follows:
D  d1 ; d2 ; ¼; dn 
This document vector D is of length n (same length as S),
where each component dj of this vector corresponds to the
j th term tj  of the source S. More precisely, if the term tj of
the source S does not belong to the document D, then dj is
equal to 0. If the term tj of S belongs to the document D, then
dj will be equal to 1. This is one of the ways that has been
proposed to represent the document vectors in a given
source of information; this representation of vector space
is quali®ed by ªvector 0±1º and seems to be the simplest. In
this way, a document vector D may be represented as
follows: D  1; 1; 0; 1; ¼1; ¼; 0:
On the other hand, Salton and McGill [10] have proposed
another scheme which is very popular and more effective to

represent the document vectors in the information source S.
It consists of TF p IDF (Term Frequency p Inverse Document Frequency), where the component document vectors
may have values other than 0 and 1. This scheme is based on
the frequency of occurrence of the terms tj of S in both the
documents and the source.
The request and pro®le vectors Q and P of the user are
obtained from their terms along with the weights assigned to
them, which are supplied by the user in this case. Indeed,
when the user sets up the request or pro®le, a certain weight
may be assigned to each term relative to its level of interest.
Therefore, to construct the request vector Q for example, all
the terms ti of the source S are examined. If the term ti of S
belongs to the request Q, then the value of the component qi
of request vector Q is equal to the weight assigned to this
term by the user. If the term ti of the source S does not
belong to the request Q, then qi will be equal to 0. The
pro®le vector P of the user is constructed in the same way.
In the vector space representation model, the pro®le of the
user (characteristics and interests) is seen as a vector of
terms. Moreover, each term belonging to the pro®le has a
certain weight pi representing the interest of the user in this
term. Similarly, regarding the document vectors previously
described, the pro®le vector P is constructed in the following way: P  p1 ; p2 ; p3 ; ¼; pn ; where pi denotes the weight
of term ti of S in the user pro®le:
(
Weight ti  if the term ti belongs to the profile
pi 
0
otherwise
This pro®le vector P represents the pro®le of the user and is
used during the information search process.
Similarly, the user formulates a request composed of a set
of terms and weights associated with these terms. The
request vector Q is obtained in the same way as the pro®le
vector P of the user. Q is de®ned as follows: Q 
q1 ; q2 ; q3 ; ¼; qn ; where qi denotes the weight of term ti
of S in the user request:
(
Weight ti  if the term ti belongs to the request
qi 
0
otherwise
The source vector S is formed by a set of terms which
exist in the documents contained in the source. Given that
the number of these terms may be very large, this may
signi®cantly affect the performance of the search system
as well as the quality of the results. Indeed, the source vector
S will be the ®rst vector to be set up and all other vectors will
be constructed from it: document vectors, request vectors
and pro®le vectors. Furthermore, all the vectors so obtained
must be of the same size as the source vector S, according to
the vector space model. In order to construct the source
vector S, while reducing the number of its terms, two techniques have been used: the ªstopº lists and the ªstemmingº
algorithms [2]. Despite the ef®ciency of this latter technique
in most cases, Korfhage [2] mentions that this type of algorithm consumes considerable machine time, particularly
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when the quantity of information is great. In addition, the
size of the documents may be reduced up to a maximum of
5%. For this reason, a compromise has been proposed which
consists of applying this type of algorithm only to requests
and user pro®les.
Other approaches based on the vector space representation model have been proposed in order to improve the
quality of the results of a search according to the information in each user pro®le. These approaches are largely
inspired by the research of Myaeng and Korfhage [2±6]
and Pazzani et al. [8,9].
3. Proposed hybrid search model
The hybrid approach proposed in this section consists of
combining the approaches described above in a way that
enables a user agent (UA) to carry out the search task
with a quality of service corresponding to the needs of the
user. The concept of quality of service refers principally to
the quality of the results and the response time required. The
basis for the new approach is to allow the utilization of the
pro®le information to re®ne the results supplied by the
models described in the preceding section.
3.1. Principles of the model and the user agent
We propose a hybrid model called the Spherical Model.
According to this model, we begin by setting up the initial
information describing the pro®le P of a user, who must ®ll
out a speci®c form. This form records a set of information
representing the interests, preferences, and the knowledge
of the user. The user must also express the request to the UA
as a set of terms that represent the desired information
(needs of the user). A weight may also be associated with
each of the terms of the request as well as the terms of the
pro®le. This weight represents the interest of the user
concerning the term in question. As a general rule, the
weights of the terms in the request must have greater values
than those of the terms in the pro®le.
Once this information becomes available to the UA (that
is, request and user pro®le), the latter creates a new request
composed of the terms of the request supplied by the user, as
well as the terms of the user pro®le. This ®rst task of the
agent UA consists therefore of merging the set of request
terms and pro®le terms into one new vector. The agent then
creates the composite request vector Q  q1 ; q2 ; q3 ; ¼; qn :
This vector corresponds to the weights of the terms ti of S
in the composite and newly created request; S 
t1 ; t2 ; t3 ; ¼; tn  represents the set of terms ti of the agent's
base.
To ®nd the set of documents relevant to the request in
question, it is suf®cient to determine the set of points found
inside a sphere having as center Q, our composite request,
and radius k. The value of k may be prede®ned by the UA as
a constant, or it may be selected and modi®ed by the user.
This value k determines the size of the sphere in which the
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documents are to be subsequently found, and it determines
directly the number of documents to be returned.
After this search step is carried out by the agent, the
documents obtained are presented to the user who can evaluate them and assign a relevance value ei to each one. If the
user is not satis®ed, the agent may reconstruct and update
the composite request Q (original user request and pro®le of
same) according to the evaluations ei given by the user to
the documents Di . Then, it applies the spherical model again
in order to ®lter the results already obtained from the ®rst
search. The agent UA is able to repeat this process of search
re®nement and of information ®ltering until the user is satis®ed with the results.
3.2. Search/®ltering algorithm
The information search/®ltering algorithm proposed
consists of nine main steps outlined as follows:
Step 1:
Create m documents, selected in a particular domain,
and called Doci, i  1; ¼; m:
This set of documents represents the base of pertinent
documents of the UA. The base of documents of the
agent UA contains: (Doc1, Doc2, ¼, Doci,¼,Docm),
where each document Doci i  1; ¼; m contains the
®elds Author, Editor, Title, Date, Size, Summary.
These ®elds were chosen to represent the documents
in the agent base. Also, proceeding from this set of
®elds, the user will be able to readily evaluate the
relevance of each document returned as the result of
a request.
Step 2:
Create the m term vectors of the documents Doci,
called TermDoci, i  1; ¼; m:
In this step, the work of the UA consists of extracting
the terms of each document Doci from the three ®elds
Author, Editor and Title of the document. In the
process, non-signi®cant English and French words
are eliminated, e.g. the, of, and, to, on, a, in, de, le,
la, et, au dans, les, des, en, etc. This set of words has
been chosen to act as the ªstop listº mentioned in
Section 2; we will refer to it as StopList. The m term
vectors TermDoci obtained will therefore be of the
following form:
TermDoc1: (term11, term12,¼,term1 n(1);
TermDoc2: (term21, term22,¼,term2 n(2);
¼
TermDoci: (termi1, termi2,¼,termi n(i);
¼
TermDocm: (termm1, termm2,¼,termm n(m).where n(i)
denotes the size of term vector TermDoci created.
Step 3:
Create the source vector of the terms called VecSource.
This vector will be formed from the m term vectors
TermDoci obtained in Step 2. The source vector thus
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created must also be sorted in alphabetical order while
eliminating all redundant terms, that is:
VecSource  term1 ; term2 ; ¼; termn 
where n corresponds to the size of VecSource, which,
on the average, is equal to m times the mean size of the
term vectors TermDoci.
Step 4:
Create m weight vectors of the documents TermDoci,
called WeightDoci, i  1; ¼; m: These weight vectors
are obtained from the term vectors TermDoci and the
source vector VecSource. These vectors are de®ned as:
WeightDoc1  d11 ; d12 ; ¼; d1n ;
WeightDoc2  d21 ; d22 ; ¼; d2n ;
¼
WeightDoci  di1 ; di2 ; ¼; din ;
¼
WeightDocm  dm1 ; dm2 ; ¼; dmn :
The weights of the document terms are de®ned as dij
with:
(
5 if termj [ TermDoci
dij 
0 otherwise
where m denotes the number of documents in the
agent's base, n the size of the vector VecSource, i an
index varying from 1 to m, and j an index varying from
1 to n.
Step 5:
Once the weight vectors WeightDoci of the documents
are available, the agent then allows for two types of
search in this step:
(a) Search from a request already known to the
agent. When the user has previously saved a request,
the agent can present a list of request identi®ers from
which the user is able to make a choice.
(b) Search from a new request formulated by the
user. The user speci®es the request and may also
assign weights to its terms.The agent now creates
the weight vector of the request, constructed from the
source vector VecSource  (term1,term2,¼,termn) and
the terms assigned by the user to the request. This
vector, called WeightRequest or simply Q, is de®ned
as Q  q1 ; q2 ; ¼; qn ; such that, for j  1; ¼; n; we
have:
(
weight termj  if termj [ Request
qj 
0
otherwise
Step 6:
Search for the documents relating to the request Q
among the m documents represented by WeightDoci
in the base of the agent.
The documents considered pertinent to the request Q
are found in the interior of a sphere having as center the
request point Q  q1 ; q2 ; ¼; qn ; and k as radius. This

value k corresponds to a given constant and Q corresponds to the request vector WeightRequest obtained
in Step 5. The value of k may be de®ned by default in
the agent or selected by the user (recall that this value
determines the number of documents to be returned).
We apply the spherical model de®ned in Section 3.1 to
the request Q. Thus, we calculate the Euclidean
distance between each of the m documents WeightDoci
and the request point Q represented by WeightRequest.
These distances called Disti are obtained as follows:
Disti  iWeightDoci; WeightRequesti
2
31=2
n
X
dij 2 qj 2 5
4
j1

where i  1; ¼m; and n denotes the number of terms of
the source vector VecSource. Note that this distance,
used to ®nd the similarity between the vectors or points
in vector space, may also be obtained by other metrics,
e.g. the one based on the cosine of the angle between
the vectors.
Step 7:
Present the documents found in Step 6.
For i  1; ¼m; if Disti # k; the agent presents the
document Doci created in Step 1 (details of the document: author, title, etc.), thereby allowing the user to
evaluate each document presented in this step. These
evaluations will be taken from the ®eld ei of each
document presented. The value ei varies between 25
and 15; it is chosen from a list consisting of these
values in order to allow the user to evaluate the
returned documents positively or negatively. Firstly,
these positive and negative evaluations will be of
great help in the ®ltering and re®nement of the search.
Secondly, the pro®le of the user will be created and
updated based on these evaluations.
Step 8:
In this step, the user has the choice either of recording
the search session if the results are satisfactory, or of
®ltering them. Thus:
(a) the user may record the current search session or
request, providing a unique name or identi®er for
this request. In this case, the agent saves the name
of the request and the WeightRequest vector Q in the
user ®le;
(b) the user may also ®lter and re®ne the search. In
this situation, the UA reformulates the request by
calculating a new value for the vector Q, denoted
by Q 0 and derived by means of the following
formula:
Q0  Q 1

nb of documents
X judged
i1

epi WeightDoci
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Fig. 1. Entry into the system and main menu of the interface of the UA.

This new request vector Q 0  q 01 ; q 02 ; ¼; q 0n  will be
the weight vector of the user's new request. This vector
will represent the user pro®le as well as the revised
search request. This pro®le may be updated several
times by the agent in order to satisfy the needs of the
user.
Step 9:
In this last step, the user has the choice of ending the
operation or of continuing the ®ltering process, that is:
(a) terminate the search; or
(b) re®lter the results obtained up to this step, beginning again from Step 6 with a new request Q 0 created in
Step 8.

4. Implementation and application
The UA integrates a client part and a server part. Each of
these two parts is composed of a set of modules or classes
which combine to carry out the work of the agent. The UA
interface comprises a number of screens and windows
implemented on client sites which allow users to interact
directly with the agent.
Main Menu. Fig. 1 illustrates the way to enter the system
as well as the main menu of the user interface. In this ®gure,
a rectangle denotes the type of information supplied by
the agent and presented to the user; the arrows between
the rectangles indicate certain actions which can change

the state of the agent. To initiate communication with the
agent, the user must know the IP address or the name of the
machine on which the agent is installed (server). In fact, the
agent may be resident on any machine within the network
and is capable of servicing a certain number of users who
will eventually be distributed on different sites.
² Reception. Point of entry into the system.
² Exit. Point of exit from the system.
² New User. A user who wishes to register with the agent
may gain access at this point. By selecting an access code
and password, the agent performs the requisite validations and accepts or rejects the registration. In the case
of refusal, an explanatory reason will be given.
² User Member. The users which are already members of
the agent, may enter the system at this point by keying in
their access code and password.
² Administrator. There is a single administrator for all
administrative tasks. This is a user like all other registered members, but having access to a greater number of
functions. Among other duties, the administrator controls
the number of users allowed to register, in order to avoid
overloading the agent with excessive requests and information maintenance. There may also be limitations set on
the number of documents and registered user members
may be eliminated at any given time.
² Logout. A user member who wishes to end the contact
with the agent must supply access code and password to
verify that these data correspond to said member. The
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Fig. 2. Search window of the agent.

agent will then delete the member's account along with
all associated information.
² Main Menu. When a member or a new user enters the
system, the principal options of the main menu become
accessible on the agent interface. We will ®rst present the
signi®cance of each number shown on the arrows of Fig.
1, before providing the speci®cations of these different
menu options.
The set of classes of the UA and its interfaces have been
developed with the assistance of the following software
tools: Operating System: Windows 95; Programming
Language: Java; Development Tools: Symantec Visual
Cafe 2.0 and Java Development Kit (JDK) 1.1.3 of Sun
Microsystems.
The components implemented in the UA allow for
various interaction scenarios: user registration and logout,
administrative tasks done by the agent, simultaneous
processing of one or more member requests, returning the
most relevant results, integrating the user pro®le causing the
same request to yield different results for different users,
recording search sessions for subsequent usage, handling a
request already known to the agent, and search ®ltering and
re®ning based on user feedback.
We now consider a scenario in which the agent UA is
active on the server machine; it is therefore ready to receive

messages or information requests and to respond to them. In
order to use the services offered by UA, that is, to conduct an
information search, a new user referred to as Ux, must
complete the following steps: Register with the agent;
Send an information request to the agent; Filter the results
returned; Record the search session; Submit a request
already known to the agent; Re®lter the results again and
subsequently rerecord the search session.
Registering with the agent. In order to initiate an interaction with the agent, the user activates the UserAgentClient
class, passing as a parameter on the command line the IP
address of the machine where the agent is installed. In this
way, the UserAgentClient IP command allows the client
part of the agent to establish a connection with the server.
Sending an information request to the agent UA. Once
registration has been successfully achieved, all agent functions become accessible to the user.
Fig. 2 shows a window re¯ecting an actual search
performed by the agent and the results consequently
obtained. A single iteration of ®ltering and re®nement was
done in this search, resulting from our evaluation of the
documents obtained in the ®rst pass. The desired document
was obtained (in this ®rst iteration), as the second result and
with a 79% degree of pertinence. Fig. 3 shows the window
that allows users to supply information relevant to their
pro®le.
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Fig. 3. User pro®le information window.

Filtering the results obtained. Should a user wish to re®ne
the results further, evaluations must be assigned to the documents presented, followed by a prompt to the agent to re®lter them. The agent will then apply the information-®ltering
algorithm described in Section 3 to the results of the request.
More speci®cally, the agent will search for documents similar to those considered pertinent by the user, while eliminating those judged irrelevant. The new results will then be
returned to the user, who may elect to repeat this operation
as many times as necessary until the results are satisfactory.
Our tests with the agent indicate a high degree of ®ltering
ef®ciency and ability to return results which best correspond
to user needs, even after only one or two iterations of search
re®nement.
Recording the search session. When satisfactory results
have been obtained, the user may want to save this search
for subsequent utilization. In this case, the user may request
that the search session be recorded along with all related
information. The agent can then attach the details of the
search and its results to the user ®le.
Submission of a request already known to the agent. The
user has the option to make a search by submitting a new
request to the agent, or by using a request previously
recorded in the agent.

Re®ltering the results. When the results of a request are
obtained, the user may have them re®ltered and re®ned, and
then have the search session recorded again.
5. Conclusion
This paper has described the elaboration and the implementation of an approach based on a UA which permits a
number of users connected to distant machines to access
different information sources in order to satisfy their
requests. The UA as a developed permits the simpli®cation
of the information search from distributed sources by
rendering them transparent to the users. The agent considers
the speci®c needs of each user in the course of the search
and responds with reference to their pro®le. The agent also
permits the processing of one or more information requests
by one or more users, as well as concurrent responses to
each of them. Moreover, the agent provides its users with a
measure of interaction, in order to enhance the quality and
quantity of the results obtained. As well, the agent is
endowed with the ability to ®lter and re®ne the search,
thus improving its service to the users. Finally, all the
administrative work related to this agent can be
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accomplished remotely, that is, the administrator may be
connected to the agent from any location in order to perform
the required administrative tasks.
Certain elements currently implemented in the agent need
to be reconsidered in future so as to improve the architecture
and the services offered by the agent. First, the methods of
exclusion and withdrawal of the members should be revised
to avoid the loss of information collected for these users. It
would also be desirable for the agent to integrate a more
complex model of user pro®les and to store them for a
certain period after logout for recovery purposes, should
re-registration take place within a reasonable delay. Furthermore, when testing will be carried out with a greater number
of users as well as a larger information base, the indexation
algorithm will undoubtedly require revision. By integrating
concepts such as those currently used in existing search
engines on the Internet, a greatly enhanced expression of
information requests would result. Finally, the implementation of UAs might be reviewed in order to provide for their
distribution onto different servers.
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