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1 Introduction

The combination of personal computing devices and
wireless ad-hoc networks allows the concept of mobile ad-
hoc information system, consisting of a highly dynamic, de-
centralized and self-organizing network of autonomous and
mobile devices that interact as peers[2, 3, 4]. Application
developers have to deal with a new set of problems pecu-
liar of these systems, due to user and terminal mobility, low
bandwidth, transient loss of connectivity and lack of cen-
tralized infrastructure. It is evident that, for these classes
of systems, applications cannot be designed according to
the conventional architectural paradigms, such as for exam-
ple the client-server one. On the contrary ”peer-to-peer”
architectures are needed, where no single host is perma-
nently seen as a server, but where each single host is able
to play the role of server and client according the user’s
needs. This means that an appropriate ”middleware” is
needed, and must be able to provide appropriate architec-
tural abstractions to upper applicative layers [1]. This work
goes towards this direction, trying to define a middleware
layer, named Expeerience, that can answer to these issues:
while doing this, we have decided to adopt as a basic soft-
ware framework, an emerging P2P open technology such as
JXTA [5]. The second issue we address in this work is the
integration of some code mobility support in the developed
middleware to allow the distribution and execution of ser-
vices on peers that originally do not own the service code.
This has been introduced in our platform by adding a mo-
bile code service, which enables to download and install
new services dynamically only if necessary.

2 Architectural design issues

Compared to middleware for wired networks, middle-
ware design and development for ad-hoc networks will
be strongly influenced by considering intermittent network
connectivity as a normal lifecycle and not as an exception.
Our main purpose in the design of Expeerience was to use
the services provided by a P2P environment, in order to

quickly build a working prototype on top of which the vari-
ous modules needed for MANET environments could be de-
veloped and tested. JXTA technology may be seen as a ba-
sic framework on top of which developers can concentrate
on functionality of their own applications, without worrying
about low-level details that are instead provided by the un-
derlying runtime system. Our idea is therefore that of creat-
ing another software layer on JXTA, in order to meet all the
requirements that characterize MANET networks [6], and
that cannot be met by JXTA. On one hand, some changes
have been made to the original setup of JXTA core. On
the other hand, new JXTA services have been introduced,
which make new features available to the developers of ser-
vices for MANET networks. The new middleware intro-
duces these new features: management of the intermittent
connections and of multiple physical interfaces, increase in
the potential of resource discovery, and code mobility ser-
vice. Figure 1 shows the basic ideas of our middleware
framework: in particular, the changes to the core layer and
the new added services have been highlighted.

Multiple interfaces and intermittent connectivity:
The EndPoint structure of JXTA has been extended, in or-
der to be able to dynamically deal with multiple interfaces
(in its current version JXTA does not support neither the
use of multiple network interfaces for each peer, nor the as-
signment of more than one address to the same interface).
At a lower level the TCPTransport Service has been mod-
ified to cope with the high dinamicity of ad-hoc networks,
where peers can appear and disappear very frequently from
the network, without any explicit log-on or log-off proce-
dure.

Resource discovery: Starting from the existing JXTA
Discovery Service, new features have been added in Expee-
rience, in order to cope with the requirements of mobile ad
hoc networks. The user applications will be able to config-
ure the advertisement lifetime and to get benefit of faster ad-
vertisement storage procedures, relying on the central mem-
ory rather than on the disk cache.

Code Mobility: In Expeerience, the concept of Mobile
Service has been introduced. The peer is given the capa-
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bility of uploading/downloading a service to/from another
peer. This way the service code, composed of files and
classes, is migrated towards the requesting peer and is lo-
cally executed. Furthermore, the service code maintains
its execution state during the migration, allowing for more
complex and flexible applications on top of this architec-
ture. The service for the code mobility is described by a spe-
cific interface MobileCodeService, which defines the meth-
ods for the management of mobility. These are the methods
for requesting and/or sending a class and accepting a class
that has not been requested. This way, the middleware we
have created provides the programmer with a set of APIs.
For instance, these methods enable to implement one of the
pure concepts of code mobility in the scenario of MANETs
with a few code lines: a mobile agent system. In fact, a
mobile agent can be created, which keeps its state and re-
sumes the interrupted execution by migrating from a peer
to another and using the services provided by the Mobile-
CodeService and the ones of the PipeService (this is another
standard service of Jxta).

Figure 1. Expeerience architecture

3 Event Organizer: an example Application

Instantaneous application availability is one of the fea-
tures that can be implemented by making use of the Code
Mobility Service. Whichever application can be shared to
other peers in the same way as files are shared. Let us as-
sume, as an example scenario, that some users are working

on a common project and need to organize a meeting. They
are all equipped with their own mobile device, but unfortu-
nately they are in a place without any fixed network infras-
tructure. One of the user owns a specific application that al-
lows to automatically synchronize appointments. By using
the Expeerience middleware, this application can be shared
among peers and effectively used by all involved people.
The application relies on the code mobility service also for
setting the meeting date: a mobile agent migrates onto the
devices of the involved peers, trying to match the meeting’s
date and hour with the local agenda of the user. At the end
of the process all of the users will have their own agenda
updated with the new meeting information.

4 Conclusion and Future work

The main goal of our work was to define a middleware
providing high-level support for MANET application de-
velopers exploiting P2P technology over mobile ad hoc net-
works. The prototype of the runtime environment, named
Expeerience, has been developed in Java and is based on
JXTA, which significantly simplified the development work
and is a well designed P2P system with a rich set of con-
cepts. The middleware designed fully satisfies MANET
requirements: it manages the discovery service, multiple
interfaces, and intermittent connectivity, and supports the
code mobility for writing applications that use the mobile
agent programming paradigm. Apart from the implemen-
tation of other more complex test applications to prove the
benefits and the added features of our system, our future re-
search will focus on the following areas: security, new and
optimized resource discovery algorithms, and PDAs sup-
port.
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