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ABSTRACT

Traditional visits to environments
interesting from a cultural point of view
are based on technologies that do not
pennit flexibility and modification to the
visit itself on the basis of the visitors'
profile. Software agents running on
personal mobile devices can overcome
such limitations and lead to achieve
personalised visits. The innovative
technology based on mobile agents
seems to well fit this scenario, where the
agents on the mobile devices can
interact
with
fixed
HWISW
infrastructures. This paper proposes the
reuse of several concepts from the
mobile agcnt technology in the design of
distributed applications based on mobile
devices. In particular, coordination
issues are addressed, and reactive tuple
spaces are proposed as coordination
means: thanks to their openness and
flexibility, they well suit a scenario
composed by mobile entities.
KEYWORDS: Mobile agents, Mobile
devices, Assisted visit
INTRODUCTION

Cultural
spaces
are
all
those
environments, outdoor or indoor, where
some elements of cultural interest
(cwltural goods in the following) are
present. A typical example of cultural
space is a museum, but also a city with

its monuments can be considered a

cultural space. Currently, the visits to
cultural
spaces
are
based
on
technologies that, even if consolidated,
do not allow the required flexibility to
personalise a visit on the basis of
different criteria, such as the personal
tastes and knowledge, the already done
paths, the time availability, and so on.
This work focuses on the possibilities of
exploiting software agents running on
mobile devices for the visit to cultural
spaces. Mobile devices mean all those
hardware devices that are autonomous
and portable. They have a certain
computational power that ranges from
the lowest one of GSM mobile phones,
which have a high degree of portability,
to the highest one of the notebooks,
which are less comfortable to be
transported; in the middle we can find
devices
that
have
a
medium
computational power and a medium
portability, such as the palmtops or the
subnotebooks. Anyway, all of them have
a graphical interface for the interaction
with the user and an interface to
exchange data with fixed infrastructures,
for instance via an infrared port.
The heterogeneity due to the presence of
several kinds of mobile devices calls for
studying solutions that are so flexible as
to adapt to the different situations. In
particular, the same information must be

shown by devices that can have different
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capability in tenns of computation,
portability and, above all, presentation.
This paper proposes the use of agents
executing on mobile devices. Being on
devices that dynamically change their
environment, the agents can be
considered mobile in their turn; so it is
possible to reuse several concepts and
results of the mobile agent technology.
In particular, the paper will consider the
coordination issue, since the interaction
and the exchanging of information are
fundamental activities in distributed
applications based on mobile entities.
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level with regard to Java, and it grants a
more limited portability, but this
operating
system
exhibits
some
interesting features that worth to be
analysed.
The paper is organized as follows.
Section 2 introduces the mobile agent
technology and briefly discusses the
coordination issue. Section 3 proposes
the use of agents in mobile devices to
assist the visit to cultural places.
Section 4 concludes the paper and
sketches future work.

From the programming language point
of view, the Java programming language
is proposing as a fundamental tool for
the development of applications in
distributed and high heterogeneous
environments, thanks in particular to the
codc portability on different platforms.
Since the current implementations of the
Java language require a significant
amount of resources, its use in mobile
devices must be carefully evaluated. A
possible alternative that is gaining
ground is the operating system
WindowsCE, available for several

MOBILE AGENTS
An innovative technology that is gaining
interest in the distributed application
area is the one based on mobile agents
[5]. The mobile agent paradigm implies
the definition of applications composed
by proactive and network-aware entities
(agents) capable of actively changing
execution
envirotment
by
their
transferring themselves while executing
(mobility). The current interest in
distributed applications of this paradigm
is widely justified by the advantages it
provides over traditional approaches: ( i )
mobile agents can significantly save
bandwidth, by moving locally to the
resources they need, instead of requiring
the transfer of possibly large amounts of
data; (ii) mobile agents can carry with
them the code to manage remote
resources and they do not need the
availability of specific servers on the
remote node, leading to a more flexible
application scenario; (iii) the execution
of a mobile agent application does not
require continuous network connections,
because interacting agents can move to
the same site when connections are
available and interact without requiring
further
network
connections.
Consequently, ( i v ) the mobile agent
paradigm intrinsically facilitates the

palmtops. Obviously, i t is at a different

integration of mobile computing systems

Starting from the existing HW and SW
systems, we evaluate how to model the
distributed application for the visit with
mobile agents. In particular, we explore
how much of the concepts and results of
mobile agent technology can be reused
in applications based on mobile devices.
We claim that the coordination models
based on tuple spaces grant the required
adaptability to suit a general mobile
scenario, no matter if the mobile entities
are hardware or software. Further
flexibility can be achieved by permitting
the tuple spaces to react to the accesses
in order to adapt their behaviour to the
needs of applications or sites.

in distributed applications: agents
associated to a mobile computing device
assume the role of mobile agents with
regard to the fixed infrastructures.
In the distributed applications based on
mobile agents, the flexibility is above all
required with regard to coordination [7].
In fact, a fundamental activity in mobile
agent applications is represented by
coordination among agents and between
exccution
agents
and
local
e~ivironments.
The
distributed
applications based on mobile agents are
intrinsically collaborative and the
definition of appropriate high-level
coordination models to enable and
facilitate interactions in the presence of
niobility can have a strong impact on
both application design and execution
efficiency. The coordination models for
the mobilc agents that recently have
been proposed with a high degree of
success are those based on tuple spncr.r
[I]. In these models, agent interactions
OCCLII.
via shared tuple spaccs, residing
on each hosting environment, which are
used as intormation repositories where
to locally store and retrieve messages.
The most significant advantage of these
coordination models is to achieve both
spatial and temporal uncoupling in
agent-to-agent interactions. When two
agents need to exchange data, the sender
agent can simply leave a message i n the
tuple space local to a given site, w i t h o ~ ~ t
nceding to know neither where the
col-I-esponding rcceiver agent currently
is, nor when it will read the message.
When the receiver agent arrives at the
given site, i t can read thc message left
by the sender agent. This clearly suits a
scenario where the position and the
scheduling of the agents cannot be easily
granted. In addition, being any agent-toagent interaction forced to be pel-formed
via the tuple space, the hosting

environment can easily monitor and

control all interactions, thus leading to a
more
secure
execution
model.
Furthermore, the accesses to the tuple
spacc can be based on associative
mechanisms, in a Linda-like fashion 121:
data can be retrieved from a tuple space
on the basis of a pattern-matching
scheme, without the need of explicitly
naming the stored data but, instead, by
accessing to it by its content. The wellknown
advantages of associative
coordination models [4] particularly suit
applications based on mobile entities. In
fact, because of the dynamism and the
openness of the environment, having a
complete and updated knowledge of
hosting execution environments may be
difficult or even impossible, especially if
it lacks a centralised control.
Further flexibility can be achieved by
adding programmable reactivity to the
tuple spaces: the behaviour of the tuplc
space can be dynamically programmed
(by both administrators and agents) to be
adapted to thc peculiar needs of the sites
or of the applications. The reactive tuplc
space models configure a technology
suitable to facilitate the design and the
development of distributed applications
based on mobile agents. Moreover, they
grant such flexibility as to result
adequate to a scenario composed of
mobile and heterogencous entities.
ASSISTED
SPACES

VISITS

TO

CULTURAL

The adoption of' a trendy technology,
such as the mobile agcnt one, would
permit to overcome the limitations
imposed by traditional technologies. In
particular, we propose the joining of the
plzysicul visit with a virtual visit,
supported by innovative technologies.
On the one hand, the plzy.ricn1 visit
permits thc direct sight of a cultural
good, which could be hardly substituted

by the vision of the corresponding
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image, no matter if it is on paper or on
video. On the other hand, the virtual
visit permits to have more and updated
information, which can be exploited
adapting them to personal needs. The
user that wants to visit a cultural space
can therefore have a mobile device that
guides hiidher during the visit in a
personalized, flexible and smart way.
The mobile device, put near the
interesting cultural good, can exchange
information with a fixed infrastructure.
The software on the device (embedded
or downloaded on demand), can explain
the cultural good, selecting the pieces of
information to be provided on the basis
of the user personal profile; the profile
could be defined by the user
himselflherself
or
dynamically
determined
from previous
visits.
Moreover, keeping track of the done
path, the software could, for instance,
reference cultural goods already seen,
and make some proposal about how to
go on in the visit. The presence of more
than one visitor must be taken into
account, each of them with hislher own
mobile device. In this case, they can
"compete" for the visit to the same
cultural good, or they can "collaborate"
and decide to do the visit together, and
in this case the software components
loaded on the devices should agree on a
path that can mediate the different needs
and the different profiles.

space. Then, there is a W e b server,
which is in charge of making the
information in the database available for
remote users, which, for example, want
to know about the cultural space before
performing the actual visit. From the
HW point of view, the fixed
infrastructure can provide a hardware
component
that
permits
the
communication with the mobile devices
near every cultural good (pictures,
monuments, buildings, and so on); it can
be considered as the local access point to
the whole information system. From our
point of view, the most interesting
feature of the infrastructure is the
capability of communicating with the
mobile
devices
and
exchange
information, for instance via an infrared
port.
There are two ways for exploiting the
mobile agent technology in the
applications based on mobile devices:
the former one is to model the mobile
devices as they were mobile agents; the
latter one is to let mobile agents move
from the mobile devices to fixed
infrastructures and vice versa. The two
alternatives are explained in the
following subsections.
Agents Modeling Mobile Devices

We suppose that every cultural place is
provided with a fixed infrastructure with
HWISW components to facilitate the
local and remote visits. First of all, from
the SW point of view, this infrastructure
hosts a database that stores several
kinds of information, above all about the
cultural space, but it can also be
considered as a repository for other
useful information, such as the

The mobile agents can be used to model
the presence of mobile devices in
distributed applications [6]. In this case
we can suppose that there is a fixed
agent running on each mobile device.
Since the device "moves", we consider
that the fixed agent on a mobile device
changes a part of its execution
environment, so they have to face the
peculiar issues of a mobile agent that
changes its execution environment by
moving from site to site. In this way,
several concepts and results about
mobile agent and mobile code [3] can be

restaurant and hotels near to the cultural

reused and exploited in taking into
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account mobile devices in distributed
applications.
In the context of the assisted visit, a
significant issue that must be taken into
account is the exchanging of information
between the mobile devices and a fixed
infrastructure. Moreover, in the case that
several users are attending the visit with
thcir own mobile device, that fact that
they can compete or collaborate implies
that the exchanging of information can
occur also among the mobile devices.
Often, more than the simple exchanging
of information is required, for example
if synchronisation is needed, so we can
talk about coordination of the involved
entities, let them be fixed or mobile. In
all cases, we propose the use of
coordination models based tuple spaces.
The fixed SW infrastructure provided
with each cultural space can be
considered as a site where the
information useful to agents is stored in
the form of tuples. Thanks to the
associative mechanism, agents in mobile
devices can retrieve such infonnation in
a flexible way, as explained in Section 0.
In this case, the reactivity of tuple spaces
can be used to recognise the userldevice
that has performed the request, and to
prepare the information tuple to be
returned on the basis of the user profile
and the device capabilities. This leads to
simplify the code of the agents and
facilitate the programming task.
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infrastructure. For example, we can
consider the users' home site, from
which users can see a preview of the
actual visit by means of a browser, and
personalise it, for example by choosing
the more appropriate path. In this way,
users can also exploit several services,
which can be directly related to the visit,
for example the users can book visits, or
even general services, such as the
booking in a restaurant that is near the
cultural space and is cheap enough for
hislher funds. These services can be
exploited on-line by a browser, but they
can also exploited off-line by sending to
the cultural space site an agent with the
appropriate information, such as the
preferred day for the visit, the range of
prices for the restaurant, and so on. The
same agent can negotiate the visit with
the cultural space manager, and also
with other agents to avoid too many
people in the same place at the same
time, allowing a more comfortable visit
to all participants.
CONCLUSIONS AND FUTURE WORK

Mobile

This work proposes the use of the
mobile agent technology to assist the
visits to cultural spaces. Users provided
with mobile devices can be assisted by
agents that not only explain the seen
cultural goods, but also organise the
entire visit on the basis of the users'
profiles and provide the access to several
related services. Sophisticated agents
can perform more complex tasks on
behalf of the users that sent them.

The latter way to exploit the mobile
agent technology is to let personal
agents move between the mobile devices
and the fixed infrastructure provided
with each cultural space. Mobile agents
can perform their task (selecting
information, for instance) also when
there is no communication between the
mobile
device
and
the
fixed

In context of virtual visits, the use of
virtual reality technologies can improve
the usability of the applications [S]. In
fact, the users can access cultural goods
that risk the damage, or which no longer
exist, or of which we have only some
fragments. Moreover, whole virtual
environments can be built by putting
together "objects" that are actually in

Agents
moving
Devices

fromlto
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different places and by simulating
possible transformations in the time.
A future research direction can be a
more strict integration with the Internet
world, and in particular with the Web, so
as to let users exploit different and
complex services, also not directly
related to the cultural space from
rcinote.
Putting together the virtual reality and
thc Internet world, it is interesting to
investigate the definition of a virtualreality language for the description of
cultural goods. Such language should be
powesful to permit the description of
complex pictiae or monuments, but at
the same time it must be simple enough
to fit both simpler mobile devices and
slow Internet connections.
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