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Preface

After two successful MATES conferences in Erfurt 2003 and 2004, the 3rd Ger-
man conference on Multi-agent System Technologies (MATES 2005) took place
in Koblenz, Germany, in September 2005, and was co-located with the 28th
German Conference on Artificial Intelligence (KI 2005).

Building on other agent-related events in Germany in the past, and organized
by the GI German Special Interest Group on Distributed Artificial Intelligence,
the MATES conference series aims at promoting the theory and applications of
agents and multiagent systems. Incorporating the 9th International Workshop on
Cooperative Information Agents (CIA 2005), the topics of interest for MATES
2005 also covered the fields of intelligent information agents and systems for the
Internet and the (Semantic) Web.

As in recent years, MATES 2005 provided a distinguished, lively and inter-
disciplinary forum for researchers, users, and developers of agent technology,
to present and discuss the latest advances of research and development in the
area of autonomous agents and multiagent systems. Accordingly, the topics of
MATES 2005 covered the whole range from the theory to applications of agent-
and multiagent technology. The technical program included a total of 24 scien-
tific talks, and demonstrations of selected running agent systems, and both the
MATES 2005 Best Paper and the CIA 2005 System Innovation awards.

The international Program Committee for MATES 2005 selected carefully 14
out of 54 submissions from all over the world to be accepted as full papers, and
an additional 5 short papers as well as 5 posters to be presented. The program
also included four distinguished invited speakers: Karl Aberer (EPF Lausanne,
Switzerland), John-Jules C. Meyer (Utrecht University, The Netherlands), Stef-
fen Staab (Universitat Koblenz, Germany), and jointly with KI 2005, Luc Steels
(SONY Computer Science Lab Paris and Free University of Brussels), as well as
a doctoral colloquium and a mentoring program.

Finally, as general co-chairs and PC co-chairs, and in the name of all members
of the Steering Committee, we would like to thank all authors of submitted pa-
pers and all invited speakers for their contributions, all members of the Program
Committee as well as other reviewers for their careful, critical, and thoughtful re-
views, and all local conference organizers and others involved in helping to make
MATES 2005 a success. In addition, we would like to explicitly thank our sponsors
AgentLink III, Whitestein Technologies, Siemens, and the German Computer So-
ciety (GI), whose financial support helped to make this event possible.

We hope the attendees enjoyed MATES 2005 and the Koblenz conference
site both scientifically and socially and will continue to support MATES as a
conference series with many more successful events to come in the future!

June 2005 Torsten Eymann, Franziska Kliigl, Winfried Lamersdorf,
Michael Huhns, Matthias Klusch
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On the Convergence of Structured Search,
Information Retrieval and Trust Management in
Distributed Systems*

Karl Aberer, Philippe Cudré-Mauroux, and Zoran Despotovic

School of Computer and Communication Sciences,
EPFL, Lausanne, Switzerland
{karl.aberer, philippe.cudre-mauroux, zoran.despotovic}@epfl.ch

Abstract. The database and information retrieval communities have
long been recognized as being irreconcilable. Today, however, we witness
a surprising convergence of the techniques used by both communities
in decentralized, large-scale environments. The newly emerging field of
reputation based trust management, borrowing techniques from both
communities, best demonstrates this claim. We argue that incomplete
knowledge and increasing autonomy of the participating entities are the
driving forces behind this convergence, pushing the adoption of proba-
bilistic techniques typically borrowed from an information retrieval con-
text. We argue that using a common probabilistic framework would be
an important step in furthering this convergence and enabling a common
treatment and analysis of distributed complex systems. We will provide
a first sketch of such a framework and illustrate it with examples from
our previous work on information retrieval, structured search and trust
assessment.

1 Introduction

The database and information retrieval communities have long been perceived as
being irreconcilable. The different ways of how data is represented, interpreted
and processed are at the core of the divergence in focus of these communities.

The main problem addressed by the database community can be stated as
the efficient management of data represented in some first order logic language
and the efficient evaluation of queries specifying information needs unambigu-
ously through logical expressions. Recently this model has been extended in the
context of the Semantic Web to deal with distributed, heterogeneous informa-
tion sources by using shared first order conceptual models (ontologies) and a
common Web-based infrastructure.

* The work presented in this paper was supported (in part) by the National Com-
petence Center in Research on Mobile Information and Communication Systems
(NCCR-MICS) and by the Computational Reputation Mechanisms for Enabling
Peer-to-Peer Commerce in Decentralized Networks Project, both supported by the
Swiss National Science Foundation under grant number 5005-67322 and 20512-
105287/1 respectively.

T. Eymann et al. (Eds.): MATES 2005, LNAI 3550, pp. 1-14, 2005.
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On the other hand, the information retrieval community focuses on finding
models for retrieving documents in response to incompletely or ambiguously
specified information needs by exploiting document features and user relevance
feedback. Web search engines are the most prominent incarnation of these tech-
niques for assessing relevance of documents in response to user requests for
information, using both textual content of documents and user feedback derived
from the link structure of the Web.

Attempts to reconcile the two communities reach far back in history. Even a
conference series, the International Conference on Information and Knowledge
Management (CIKM), is dedicated to this goal. We were interested to see to
which extent the interaction among the communities progressed, and analyzed
the program of the years 2003 and 2004. The result is not too impressive. Among
120 research papers we could identify 10 that are at the borderline of databases
and information retrieval, whereas the others are quite clearly belonging to the
fields of classical database, information retrieval or knowledge management. In
2004, two sessions on databases and information retrieval have been organized.
The topics addressed by the borderline papers are on storage management for re-
trieval systems, processing of XML documents and similarity search in databases.
The last two areas in fact indicate one reason why the boundary between the
database view of structured data processing and the information retrieval view
of content-oriented processing is starting to dissolve. It is the result of processing
specific data types that require both structural and content-oriented processing.

In this paper, we argue that recent developments in diverse areas, such as the
Semantic Web, peer-to-peer computing, sensor networks, agent technologies and
Web retrieval, indicate that the “semantic gap” between traditional logic-based
knowledge presentation and processing and the probabilistic approach taken in
information retrieval will be rapidly closing, for a very fundamental reason, that
goes beyond the requirement of processing specific data types.

In a distributed environment of autonomous information sources, informa-
tion and information needs can no longer be expressed concisely, as expected
by database and semantic web technologies, but have to deal with numerous
sources of uncertainty, thus requiring a probabilistic view in the processing of
data. In information retrieval, one deals with one specific kind of uncertainty,
uncertainty about users information needs. We claim that in distributed envi-
ronments, qualitatively different sources of uncertainty have to be dealt with as
well. This will require a structured framework to represent and process the dif-
ferent sources of uncertainty to provide insightful answers to users information
needs. This requirement goes well beyond existing capabilities of both database
and information retrieval techniques and systems.

We will illustrate this convergence process by providing several important ex-
amples of how the uncertainty resulting from autonomy and incomplete knowl-
edge in distributed environments affects information processing. These examples
are taken both from our own work and from some typical results found in the
literature. We will provide short summaries of these techniques and illustrate
by a simple example of a search problem how each of these techniques affects
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the information processing task for satisfying the search task. By doing this we
illustrate how using a probabilistic framework makes it possible to integrate dif-
ferent ways of dealing with uncertainty, just as first order logic is being used as
an integration framework for structured representation and reasoning over dis-
tributed information sources. This example-based analysis will allow us to derive
some basic conclusions on requirements and issues for extending the current Web
infrastructure for dealing with uncertainty in a systematic and integrated way.

2 Running Example: Getting Newspaper Articles About
Hot Days in Switzerland

To illustrate our claims, we introduce an example which is in our opinion repre-
sentative of the current challenges emerging in information management today.
The example starts as a simple SQL query posed against a relational database
but will be enriched throughout the paper as new sources of uncertainty are
introduced.

From June to August 2003, unusually high temperatures were reported across
Europe, including Switzerland. Imagine a journalist wanting to retrieve all news-
paper articles about hot days in Switzerland which appeared exactly on one of
those days. In a standard relational databases scenario, this could translate to a
SQL query like the following:

SELECT article.text

FROM articles, weather WHERE
article.text like %hot summer daysY,
and article.date = weather.date
and weather.temperature > 30

The query contains three predicates, q1, g2 and g3 representing some con-
dition on the content of articles, their publication date and some temperature
record respectively.

From a logical perspective, such a query can be considered as a logical ex-
pression ¢ for which we have to find all objects d contained in a database such
that the implication d — q is true.

Expressing an information need in this form reflects several basic assumptions
being made, including the ability of the user to precisely express her information
need, the correct interpretation of the schematic information provided by the
database and the correctness of the data stored in the database. In practice, as
we will demonstrate in the following, none of these assumptions can be taken
for granted in realistic, distributed information systems.

3 Uncertainty on Users’ Information Needs

Since long it has been recognized that logics is not an appropriate framework
for information search when it comes to searching documents with textual con-
tent. Boolean retrieval has been an early attempt to apply logics for text search,
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which has soon found its limitations. Due to the ambiguity of natural language,
there exists no strict relationship between queries expressed in natural language
against documents containing natural language text. Thus the discipline of in-
formation retrieval has developed a rich set of models for assessing the relevance
of documents for a given query. These models introduce an element of uncer-
tainty into the search process, since result objects are no more included into the
result set by virtue of a decidable property (a predicate) but whenever there is
indication that they might be relevant to some degree to the users information
need. These observations clearly apply to the clause g; == article.text like
%hot summer days’ of our example query, which in a current database system
(ideally) would not be resolved at the syntactic level searching for the exact
phrase, but using an underlying text retrieval system.

3.1 Running Example: Accounting for the Uncertainty on
Information Needs Through Probabilistic Retrieval

Since we are aiming at a probabilistic framework for dealing with uncertainty in
modern information systems, we provide here a short overview of information
retrieval from a probabilistic perspective, which follows the exposition given
by [5]. From a logical perspective, answering a query g with document d amounts
to proving that the implication d — q is true. In Boolean retrieval this means that
all terms of a (conjunctive) query g would appear in d. In contrast, probabilistic
retrieval adopts the following notion for answering a query g¢: the conditional
probability P(q|d) indicates of how relevant document d is to query q.

For computing this probability usually a concept space C of disjoint concepts
c € C is introduced with a probability density function P(.) over C. Queries
and documents are considered as concept sets. Then the query answer can be
represented as follows:

Plld) = 550, P& = PO, Pand)= Y Plo

ced c€q,ced

A popular type of concepts are terms taken from a vocabulary. Since the
concepts are considered as being independent we can further derive

P(gnd) Y cecPldNgne) 3 ..o P(dNglc)P(c)
P@d) P(d) = P(d)

P(qld) =

If the concept space consists of the terms of a vocabulary, we may assume
that the probabilities P(d|c) and P(g|c) are known from analyzing the text
collection. For computing a query answer, a standard assumption that is made
in probabilistic retrieval is the mazimum entropy principle, which states the
following independence:

P(d N qle) = P(d|e) P(gle).
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Using this assumption we get

S .cc PN glo)P(0)
P(d)
_ Teec PAS)Ple)P()
Pd)
= 5" P(lo)P(cld)
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P(gld) =

The last expression can be interpreted as the classical model of vector space
retrieval, the predominant model for modern text retrieval. Under this interpre-
tation, P(c|d) corresponds to the term weight for a document representation,
which is typically computed using a (heuristic) tf-idf scheme and gives the prob-
ability that a term is characteristic for a given document. P(g|c) corresponds to
the query term weight and gives the probability that a term is characteristic for
the result set of query gq.

In summary, a predicate such as q; == article.text like %hot summer
daysY corresponds in a search model that is considering uncertainty on users’
information needs to a random variable g; for which we have a method to com-
pute P(q;|d), the probability that a document is relevant to the predicate. The
method to compute this probability relies on an intermediary concept (or fea-
ture) space C, for which we assume to have probabilistic models for P(qi|c)
and P(c|d) for a random variable ¢ over the concept space. The computation of
P(q;]|d) is then performed by marginalization of the joint probability distribution
P(q1,¢c,d) exploiting the separation of the random variables ¢; and d through c.

From a practical perspective, using a retrieval engine within a logics-based
query language such as SQL poses the question of how to reflect the probabilistic
evaluation of g1 into the query result. Two solutions are applicable: either only
result documents are included that exceed a certain threshold probability. This
seems to be problematic with respect to the interpretation of the result. Alterna-
tively the probability values are included into the result table. This might raise
efficiency concerns as the result set might become unacceptably large. As we will
show in the following, this is a problem that is not confined to the case of dealing
with users’ uncertainty on information need, but with dealing with uncertainty
in general.

4 Uncertainty on Knowledge Conceptualizations

Traditionally, knowledge representations have been based on subsets of first-
order logic in computer science. Indeed, it is widely recognized that knowledge
can be efficiently captured by characterizing classes of objects and their inter-
relationships. Databases have long used dialects derived from first-order logic to
represent or query data, while description logic, a subset of first-order logic, has
been chosen to back-up standards for the Semantic Web.



