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Preface

The second WRAC, NASA/IEEE Workshop on Radical Agent Concepts, was held at
NASA Goddard Space Flight Center, Greenbelt, MD, September 20-22, 2005.

The workshop was sponsored by the Information Systems Division of NASA
Goddard and IEEE Computer Society Technical Committee on Complexity in
Computing and IEEE Task Force on Autonomous and Autonomic Systems. The
workshop also received generous financial support from IBM, without which the
workshop would not have been possible.

Agent technology, along with autonomous and autonomic computing, has
emerged as a major field in computing, and will greatly influence the future
development of complex computer-based systems. The area of research is strongly
influenced by the autonomic computing initiative as well as by developments in
biologically inspired computing, and involves interdisciplinary interaction from those
involved in research in social intelligence, psychology, arts, biology, computer
science, computer communications and philosophy.

This volume includes revised versions of papers presented at the workshop. The
workshop was structured so as to allow adequate time for discussion and interaction,
to exchange ideas and reflect on the motivations, scientific grounds and practical
consequences of the concepts presented. Many of the ideas are truly “radical”, and so
authors were given time to revise their papers to reflect further thoughts on the ideas
presented and to reflect feedback received at the workshop.

We are grateful to Jeff Kephart for a very interesting keynote speech describing
IBM’s current and future work in this field, which fit very well with the aims and
scope of the workshop.

Again, we would like to express our thanks to NASA Goddard, IEEE Computer
Society and IBM for their support of this event. Our thanks also to Alfred Hofmann
and Anna Kramer of Springer for their support and interest in publishing these
proceedings. We hope the papers are of interest to the reader, and we hope to
welcome you soon to the next Workshop on Radical Agent Concepts.

October 2006 Mike Hinchey
Patricia Rago

Jim Rash

Chris Rouff

Roy Sterritt

Walt Truszkowski
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Agent-Mediated Pro-active Web-Sites

Karin Breitman' and Walt Truszkowski’

! Pontificia Universidade do Rio de Janeiro
karin@inf.puc-rio.br
2 NASA Goddard Space Flight Center
Walt.Truszkowski@nasa.gov

Abstract. In this paper we explore the concept of a Semantic Desktop in which
software applications will be responsible for the automation of otherwise
tedious tasks and the update of user information. We propose an ontology
driven software agent solution where two major issues stand out: architecture
and process. The architecture issue addresses the current static nature of
information on a web page. In order to achieve the level of pro-activity desired
we have to be able to identify, classify and code important bits of semantic
information in a way that can be automatically manipulated by machines. The
second issue relates to the strategy/strategies used to dynamically update
information. Because of the variety of actions needed to update web sites e.g.,
monitoring changes to personal information (phone numbers, addresses,
hobbies, etc.), maintaining a knowledge of institutional information, reacting to
external events, reaction to political and environmental changes, etc., we
hypothesize that no single strategy for maintaining dynamic information-
awareness will do but that a variety of strategies need to be put into practice.
We propose the creation of a community of software agents, each responsible
for achieving a different set of tasks. The Semantic Desktop is achieved through
the composition of the site semantics with the functionality provided by the
instantiated software agents.

1 Introduction

A few years ago, we were all impressed by the statistics that over a million VCRs
were constantly blinking “00:00” because their users were either ignorant about how
to correct the situation or did not care to update the time. The same situation seems to
be happening to personal web sites. Owners, too busy to update information,
sometimes leave their pages unattended for years. Nothing is more frustrating than
finding an interesting web-site that is not current A major contributing reason for
out-of-date web-sites is rooted in the very nature of the web itself. Information
changes so rapidly that most users feel that by the time they make needed adjustments
to their web-site, it is already becoming obsolete. In this paper we argue that it is
possible to semi automate the information-update process with the use of emergent
software-agent technology [Williams04, Pazzani02, Woolridge99, Sycara98].

The basic idea, explored and expounded upon in this paper, is to make web-sites
more pro-active in providing user centered services and updating their posted

M.G. Hinchey et al. (Eds.): WRAC 2005, LNAI 3825, pp. 1-12, 2006.
© Springer-Verlag Berlin Heidelberg 2006



2 K. Breitman and W. Truszkowski

information. In order to do this, there needs to be access to web-based information in
a format that allows for automatic manipulation of the data. The exponential growth
of the Internet has dramatically increased the number of available electronic
resources, e.g. articles, books, web pages and data repositories, making it more
difficult to find, manipulate and present information without the aid of automation
[Fensel02].

Researchers worldwide are investigating the possibility of creating a Semantic
Web, an improvement to today's web, in which resources will be given meaning
through machine processable/parseable languages [Berners-LeeO1]. As a result, a
gamut of new technologies has emerged. Among others there is the use of metadata,
ontologies, semantic web services, semantic navigation, and software agents. We will
explore these technologies as they pertain to the novel approach to the development of
self adapting web sites that we are proposing.

2 Metadata

Most of the information available in the web today is formatted for user consumption,
i.e, machines play a very small role in the interpretation and processing of information.
Most data is captured using markup languages that rely on the use of tags or labels that
have meaning to human beings alone. Other than processing some interfaces cues, such
as font, color and heading placements, computers are able to process a very small share
of the available information in the nearing 8 billion web pages.

In order to allow computers to take up a larger share of the processing, we have to
provide information in a format that allows for automatic manipulation. Researchers
worldwide are investigating the possibility of creating a Semantic Web, an
improvement to today's web in which resources will be given meaning through
machine processable languages [Berners-Lee01, Antoniou04, Gomez-Pérez04]. As a
result a gamut of new technologies have emerged. Among others there is the use of
metadata, ontologies, semantic web services, semantic navigation, and software
agents. We will explore some of these technologies as to provide a novel approach to
the development of the proposed Scientific Desktop.

In our understanding, the information relevant to the Scientific Desktop is a
composition of hybrid elements, text, image, sound or video content. The set of
elements are typically interrelated and organized in some coherent, however domain
dependent fashion, e.g., in a personal web page we expect to find the information of
an individual in the top of a page whereas at product page we would expect its
specifications to come before the manufacturer's contact data.

A first step in the preparation of the information for automated processing is
identifying a Taxonomy of information types, e.g. research area, technology used,
contact information, institutional policies. That is not a trivial task, for the relevant
information is presented in varying degrees of abstraction, for example:

e High level (genmeral) — what the person is: researcher, vendor,
businessman...

e Medium level — if researcher, what area: types of events, technology (if
any), association to laboratories, entities (NFS, for instance), institutions,
standards and rules that it must abide to....
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Low level (specific) — specific interests, colleagues it works with,
institutions is connected to, special interest groups and associations he or she
belongs to...

Once we identify the information type, it is possible to associate an adequate
Metadata, data about data, representation for the information in question [Gilliland-
Sweland97]. In the Research & Academic context most types of information are
already organized by some existing taxonomy, such as the list of the Computer
Science sub areas by IEEE or the NAICS. Those have to be “re-written” in some
metadata compatible language, RDF for instance. Other examples are:

People — Friend of a Friend,

Publications — Dublin Core,

Projects — RDF Taxonomy structured as the NFS list of research areas,

Areas — RDF Taxonomy structured as the Societies lists of topics (for CS we
could use IEEE’s Computing Society),

Physical Location and Contact information — RDF version of the University
Directory, Floor Plan, vCard taxonomy,

Academic Undergrad/Graduate Courses — RDF version of the University
Catalogue.

We exemplify those information chunks using the example of the home page of a
researcher, depicted in Figure 1. Bellow we list a series of information chunks that
represent the information that is available on the page.

b nbis b BT Vi E
Bio, Bibliographical Production
S s S (Conference Proceedings, Tech
i . * XETX s Reports, Books, chapters), People

Mlgwmus Pubiapgine

Information available:

(Colleagues, Students, Fellow
Research Project Members), Research
areas (Requirements Engineering,
Semantic Web, Formal Systems)

Events and Conferences she is
organizing, Consulting, Activity in
Scientific Societies.

Fig. 1. Researcher's Home Page

For each item present in the page some annotation describing its provenance,
ownership and categorization is required. To exemplify we introduce one of the many
links to bibliographical references, in this case an article in a Conference:

[Breitman04] - Breitman, K.K.; Leite, J.C.S.P - Lexicon Based Ontology Construction
- Lecture Notes in Computer Science 2940- Editors: Carlos Lucena, Alessandro Garcia,
Alexander Romanovsky, et al. - ISBN: 3-540-21182-9 - Springer-Verlag, February
2004, pp.19-34.
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Possibly the best way to describe this item would be using the Dublin Core
Metadata Schema [Gill97, DCO05], as illustrated in Figure 2.

Dublin Core

. Subject: Software Engineering (list of subjects in IEEE)
. Title: Lexicon Based Ontology Construction

. Creator : Karin Breitman

. Description: article

. Publisher: Springer Verlag

. Contributor) : Julio Cesar Sampaio do Prado Leite
. Date: February 2004

. Type: Scientific Article

. Format: text

10. Identifier : ISBN: 3-540-21182-9

11. Relation: ESSMA Project , C&L Tool

12. Source:

13. Language: English

14. Coverage:

15. Rights: Springer Verlag

Nelle BEN e NNV I SRV S

Fig. 2. Dublin Core Metadata Annotation for a bibliographical reference

In this case there is a hierarchy of other information nested within this reference.
The co-author of the article, a colleague named Julio Cesar Sampaio do Prado Leite
is an piece of information its own right and needs to be unambiguously reference. A
possible metadata representation for it would use the FOAF (friend of a friend RDF
markup), as follows:

<rdf :RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns: foaf="http://xmlns.com/foaf/0.1/">

<foaf:Person>

<foaf:name >Julio Cesar Sampaio do Prado Leite</foaf:name>

<foaf:mbox rdf:resource="mailto: julio@inf.puc-rio.br " />

<foaf:nick >Julio</foaf:nick>

<foaf:workplacehomepage rdf:resource="http:/www.inf.puc-rio.br/~julio" />
</foaf:Person>

</rdf :RDF>

Fig. 3. Friend of a Friend(FOAF) RDF representation of a colleague (co-author)

The metadata markup will be very useful in referencing and storing pieces of
information. However its semantics is still very weak. In addition to the information
provided about the information objects themselves, we also want to represent
properties, rules and relationships that are hold among information chunks. For that
purpose we propose to adopt the use and integration of ontologies. Ontologies provide
a shared understanding of a given domain by providing formal definition to its main
concepts, properties and relationships that hold among those. The ontology
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construction process is inherently compositional, in that a new domain ontology is
usually build by reusing parts of existing ontologies. In the case of the proposed
Scientific Desktop, there are available ontologies that can be reused in the process
[Gomez-Pérez98, Guarino02].

3 Ontology

The metadata markup used to index the researcher's example in the last section is very
useful in referencing and storing pieces of information, but its semantics is still very
weak for our intended purposes. In addition to the information provided about the
object itself, metadata, we also want to represent properties, truths (axioms) and
relationships that are hold among information chunks. For that purpose we adopt the
ontological representation. An ontology, as defined by Alexander Maedche
[Maedche02] is described by a 5-tuple containing its core elements, i.e., concepts,
relations, hierarchy, a function that relates concepts non-taxonomically and a set of
axioms. The elements are defined as follows:

0:= {C R HC, rel, Ao} consisting of :

e Two disjoint sets, C (concepts) and R (relations),

e A concept hierarchy, #: #Hc is a directed relation Hr c C x C which is called
concept hierarchy or taxonomy. #; (C1,C2) means (1 is a subconcept of C2,

e A function rel: R — C xCthat relates the concepts non taxonomically,

e A set of ontology axioms Ao, expressed in appropriate logical language.

Figure 4 illustrates a simple example of this ontological structure. We borrow
from the Researcher's Home Page for this example. We depict three concepts,
Project(x), Long_term_project(y) and Researcher(z), one relation, participates_in(w)
that holds between concept Long tem_project and Researcher. The concept

" Taxonomic Relationship
" H, = Long_term_project is
' a type of Project

Fig. 4. Example of ontological elements and their relations using the ontology structure (6]
proposed by [Maedche02]
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Long_term_project is a subconcept of Project. According to the structure we have
something like, C : = {x, y, z} and R : = {w}. The following hierarchical relation, Hc
(y,x) and the non taxonomic relation, w(y,z).

Ontologies provide a shared understanding of a given domain by providing formal
definition to its main concepts, properties and relationships that hold among those
[Gruber93, Goémez-Pérez04, Fensel03, Breitman05]. The ontology construction
process is inherently compositional, in that a new domain ontology is usually build by
reusing parts of existing ontologies. In the case of the Researcher Home Page
example, we can easily identify different sources that could serve in composing the
information chunks concept sub trees. In table 1we exemplify some possibilities.

Table 1. Reusable Information sources for ontological composition

Information Chunk Type Reusable Information Sources

People FOAF Taxonomy of family and work
relationships,

Research Area IEEE taxonomy, NAICS

Events University ontology, IEEE/ACM
calendar of events

Projects Subcategories of NSF and/or Esprit
European projects

Physical Location and Contact University Directory, Floor Plan,

information vCard taxonomy
Courses University Catalogue

In practice most of the top nodes of the ontology, i.e., the ones that represent more
general concepts, can be reused from existing ontologies. As we navigate down,
specializing the concepts, we identify the need of incorporating information specific
to that particular ontology. Most of the construction effort will be spent in the
identification and incorporation of specialized (leaf) concepts and their instances to
the ontology.

In figure 5 we show part of the Researcher Home Page ontology. We can identify
three zones. The top most levels are concepts so general that could be used in the
creation of any personal home page. These concepts can be reused in the spirit of
upper ontologies, such as Cyc [OpenCyc] and WordNet [Miller95], that embody
consensual knowledge.

The second zone corresponds to the specialization to the computer science area.
We would like to call this group level specialization (university researcher in the
computer science area). At this level reuse is viable, but requires some adaptation
level.

At the third and bottommost level, the concepts and instances added to the
ontology reflect particular information about the individual that own this particular
page. At this level very little reuse can be accomplished. Once ready, this ontology
will model the preferences of a single, or at most a reduced number of users. Based on
previous collaboration in the area of Human Computer Interaction, we are currently
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investigating the possibilities of using ontologies as user models [Barbosa04,
Pazzani97, Perkowitz04].

This feasibility of this approach is very important to this research, because it will
shape the architecture of the software agents we want to implement. If we are able to
concentrate the user profile in his or her ontology, the construction and operation of
the software agents will be more general and thus increase the level of agent reuse
[Holvoet03].

Email personal
Signature

Fig. 5. Researcher Ontology (partial)

In the next section we discuss the requirements and propose an architecture, based
in the concept of ontology driven software agents, to implement the proposed
adapting web sites.

4 Adaptive Web-Sites

In the previous section we discuss the organization that has to imposed to the
information resources in order to allow for automated computer processing. The
nature of the information suggests that there are two possible types of sources:

e Internal (privately owned) — information that comes from the owner’s own
computer (e-mail, recent files, articles recently written/submitted, discussion
groups, directory structure itself...)



