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1 Introduction

The explosion in the amount of electronically available information and the powerful computers at lower
cost are causing the computer-for-everybody trend, extending the range of users to non-experts. These phe-
nomena create an information superhighway, which would be difficult to approach without help. Intelligent
software agents will provide this necessary help to navigate in the world-wide network of information. In
this thesis, we first review the agent-based information locating systems and present our view of the trends
of agent technologies supporting users in finding information on distributed heterogeneous environments.

Next, we tackle the problem of customization of information gathering results to user personal tastes. For
this, we propose a new method to customize the information searching on Internet. Existing search tools
which evaluate the relevance of documents to the user query give many false positives. One reason is that
at query formulation, the information provided by the user is too few to provide good results. In order to
complement works on Web agents for autonomously browsing or filtering on behalf of the user, we focus on
adaptive agents for providing support at query formulation and retrieval. These adaptive or learning agents
makes possible to add a layer of personalization and collaboration between the users and the existing Web
engines. The personalization is realized by learning the user model and using it at query formulation. We
have implemented and experimented our web search method. The results of the experiments show that our
approach provide an effective support for customized search and the quality of returned results increase.

Finally, we investigate the issues associated with the exchange of information learned by agents belonging

to different users, in order to improve the slow initial learning curve problem for the learning systems.



2 Society of Agents for Information Gathering on Internet

The explosion in the amount of electronically available information put additional burden for the designers
of information systems as well as for the people who use them. We decided to work on Internet, as it is one
of the largest publicly available source of information and it constitutes a good testing ground.

Some of these drawbacks, which put a big burden on the human users are: (pl) they should know from
where to obtain the desired information and how to interact properly with the heterogeneous information
servers on a world-wide distributed information network, (p2) they should navigate on this huge information
space in search for the desired data or put together a set of related pieces of information, acquired from
several sources with data in a variety of forms and with different protocols - this is boring, difficult, time
consuming and inefficient, (p3.) they should figure how to express the query properly, which can be a difficult
task in unfamiliar domains. Additional drawbacks related to the quality of information include the needs
to maintain consistent and updated information and support for security and negotiation for obtaining
information.

To overcome these drawbacks, our approach is based on one of the most promising software paradigms
for the next generation information network: agents. They are attractive - both in academia and industry -
and the interest will increase as computing systems become more distributed, interconnected, and open. In
order to operate efficiently in such environments, agents have to autonomously plan and pursue their actions
and goals, to cooperate, to coordinate, to negotiate with others, and to respond flexibly and intelligently to
dynamic and unpredictéble situations.

In this chapter two, we first survey the existing partially-agent based approaches for locating information
on a highly distributed, heterogeneous environment with a huge number of information sources like Internet.
It is not possible to build a single all-mighty agent having knowledge about different domains. Also, if all
the tasks are assigned to a single agent, it constitutes a processing bottleneck and a single point of failure.
Additionally, because of the complexity of the information finding and filtering task, and the large amount
of information, the required processing would overwhelm a single agent. Thus it is more natural to have
several agents, each with expertise in a given domain, amd make them cooperate.

We believe that the next step is to integrate these researches in order to build a Society of Cooperative
Agents.

In this chapter, we propose a completely-agent based framework to realize a Society of Cooperative Agents
for Information Gathering on Internet. in order to support users in access and composition of associated
information spread across a world-wide network of information servers. The basic idea is to build a layer
of cooperative agents between the low-level network layer and the user layer, where the agent layer is
composed of user-specific, task-specific and information-specific agents, named User Agent, Manager Agent
and Machine Agent, respectively. Our view of the future is a society of such agents to bridge between
the upper layer of human users and the lower layer of distributed heterogeneous network. These artificial
assistants will work together and at the same time improve their usefulness, to reduce the existing gap

between these two layers.



3 User-adaptive Information Searching on Internet

In this chapter three, we will focus on the problem (p3) regarding the difficulty for proper query formula-
tion.

As it has been arguing that the standard Web search services are far from ideal, many researches are
seeking for a better way to tackle the ever growing WWW. Various ranking algorithmé used to evaluate the
relevance of documents to the query are impractical. This is because the information given by the user is
too few to give good estimation. Most search tools still use keywords to specify queries. One factor limiting
the precision of queries is that users do not submit well-focused queries. In general, queries get more precise
as more words are added to them. Unfortunately, the average number of words in a query submitted to is
1.5, barely enough to narrow in on a precise set of documents. One way to improve effectiveness is to better
represent the information need by adding useful terms to the query, e.g. by relevance feedback, a well known
technique in information retrieval, where terms occurring in known relevant documents are added to the
query. Existing systems with query reformulation support work well for closed information spaces. However,
the Internet information space cannot be considered in this category. Another drawback of existing query
reformulation is that the support they provide are not customized to user’s tastes.

In this chapter, we present a new query reformulation support, in order to provide customized search
results. Our proposed support consists of : (1) suggestion of related words for query reformulation, (2)
feedback of user interest to refine the query and (3) a clustering of the search results.

Our approach is based on the assumption that the information about the query that are not specified in
the user’s mput may be obtained from the results of the previous or past queries.

In this chapter, the objective is to assist users in personalized query reformulation for information gathering
adapted to user preferences. The basic idea is: (1) build a user profile expressed as a set of terms expressing
his interest, from acknowledged documents, and (2) provide support for query reformulation based on the
terms contained in his profile.

The User Agent is in charge of learning user preferences, by looking at the user search behaviour and
extracting terms representing user interests from documents acknowledged by the user.

The experimental results shows that: (1) features representing user interests are generated, and (2) by
adding these related terms to the user input query, we can have a customized service with the general-purpose

web search engines

4 Collaborative Agents for Information Searching on Internet

In chapter 3, we have focus on the interaction “one user ¢ one User Agent ¢ search engines”, with
focus on the user profile learning mechanism. Machine learning and information retrieval techniques were
utilized to learn the user preferences and to provide support for well-formed personalized query reformulation.
However, for learning agents working individually, they face two problems: (i) serendipity, i.e. they cannot
deal properly with situations previously unseen in the past; and (ii) cold-start: they spend some time to
relearn about new situations.

In order to deal with these problems, we add a layer of collaboration between the agents, where the



selection of peers is based on the trust relationship among them. In this chapter 4, our aim is to assist the
information search process by collaborating with trusted peers, in order to avoid re-learning what others
already have learned, in order to improve the learning curve.

When faced with an unfamiliar situation, an agent consult its “trusted” peers, instead of broadcasting the
request to every known agents. This trust relationship between agents is also learned through the succesive
interactions.

Each of our user agents maintains: (1) history information (i.e. where to find information related to a
given topic), (2) personal dictionary information (i.e. the query and related words, as explained in Chapter
3 for customizing information search). In this chapter, in order to allow collaboration, we have added the
trust relation information to the profile. Another important feature of our approach is the use of referrals
i.e. advices from known agents about other agents which might have similar interests in order to build
communities of interests.

We have implemented and experimented with our collaborative search. We have shown that in our ap-
proach, the user agents of different users - by sharing both types of information - improve the learning curve

and are able to face new situations effectively.

5 Conclusions

In this thesis we first review one of the most promising software paradigms for the next generation in-
formation network: agents. They are attractive - both in academia and industry - and the interest will
increase as computing systems become more distributed, interconnected, and open. Our view of the {uture
is a society of such agents to bridge between the upper layer of human users and the lower layer of distributed
heterogeneous network. These artificial assistants will work together and at the same time improve their
usefulness, to reduce the existing gap between these two layers. Next, we have proposed a method for query
reformulation adapted to user interests. The experiments show that with our proposed method, (1) features
representing user interest are generated, and (2) by adding these related terms to the user input query, we
can have a customized service with the general-purpose web search engines.

Despite the success reported for learning user’s interests and providing support at query formulation, some
drawbacks remains. The problems with the learning approach are that they require a sufficient amount of
time (the training phase) before they can start being useful, i.e. it present a slow increasing learning curve.
Even worse, their competence is limited to situations similar to those they have encountered in the past.
The agents of different users thus have to go trough similar experiences before they can achieve a minimal
level of competence, although there may exist other agents that already possess the necessary experience
and confidence. In chapter 4, we have proposed a method for collaborative information searching, in order
to solve the problem of the slow learning curve when an user agent faces a situation unseen before.

Our approach is based on the fact that agents build a trust relationship among them and use this trust

weight in order to decide collaborative peers.
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