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ABSTRACT

The development of mobile computing, combined with the
large-scale information systems growth, makes it possible to
access an important volume of information and services any-
where anytime. However, due to this dynamic environment,
applications are subject to important variations which must
be addressed by an adaptive behavior. We propose in this
paper an approach which consists in an adaptive distribution
of applications or services over mobile environments. This
distribution uses contexrtual resources to overcome the poor-
ness of available resources on mobile entities, reduces and
regulates variability effects, and takes benefit of the local
environment when it is possible.

1. INTRODUCTION

The importance of mobile computing is rapidly growing,
as well as the expansion of Internet use. These develop-
ments are the result of technological advances in several do-
mains. High speed networks and their interconnections al-
low an easy access to lots of information and services, which
are constantly renewed. Wireless-communication networks
(GSM, satellites), combined with the development of mobile
computers (notebook, PDA), allow users to move around
with their own computing environment and to have a cons-
tant access to these information sources. Combination of
these two aspects shows that supporting mobile users on in-
formation systems is essential, and this must be done by of-
fering the user the best quality of service available in spite of
variability constraints of the network (bandwidth, latency)
or of the mobile entity (CPU speed, memory size, disk ca-
pacity, screen display, power consumption, etc).

In this paper, we propose an approach which consists in an
adaptive distribution of applications or services over mobile
environments. The paper is organized as follows. First, we
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explain in section 2 why and how our approach improves
the QoS. In section 3, we examine other works in mobile
computing. Then, we conclude and give future work in sec-
tion 4.

2. DISTRIBUTION:
A WAY OF IMPROVEMENT

‘We notice that most mobility adaptation approaches use ex-
ternal resources to the mobile entity to search for informa-
tion or services, computation power, storage capacity or se-
curity. Most of the time, these approaches implement servers
or/and proxies or agents on static networks. Each of these
approaches handles with a particular problem of the mo-
bility in a specific context: connection/disconnection, data
consistency in mobile file systems for example. They are not
generic nor extensible and try to remedy some disadvantages
without looking to take benefit from the mobility.

From these observations, we adopt an approach which tries
to improve the QoS by a well-suited adaptive distribution
of applications or services over this mobile environment. In-
deed, a mobile user is working in an environment made up
of data, resources and services. Resources concern the hard-
ware of mobile entities (memory, disk, CPU, etc) and of
the environment (local networks, devices like DVD, scan-
ner, printer, fax, etc). Services concern software components
relevant for the application or the user such as a database
or a reservation service. These data, resources and services,
which correspond to the user’s actual, local situation, consti-
tute his contezt. Contextual information such as the number
of hosts around, the workload of these hosts or links, or the
distribution of services give the possibility to run applica-
tions in a distributed way.

This distribution improves the QoS in terms of:

(i) User interactivity quality: the user interactivity qua-
lity is measured through the response time of the system or
applications. This response time depends on mobile physical
constraints as the memory, the available CPU or the disk size
especially if several applications are running. The response
time also depends on the geographical network constraints
such as the bandwidth or the latency. The response time
must be kept optimum or above a given level according to
priorities. Distribution, with its accessibility to resources of
other hosts, allows applications treatments to be executed
quickly. This adaptation can also be a way to prevent a
decreasing response time when the user is moving and con-
necting to a less powerful environment than the previous
one.



(ii) Data quality: different elements constitute data: text,
colors, images, videos, sounds, etc. But for various reasons
(response time, mobile computer characteristics, user’s pre-
ferences, etc), data must sometimes be changed by different
operations such as distillation of images, transformations
from one media to another, removal of part of data, lin-
guistic translation. These degradations or modifications of
data can be prevented or improved in some cases by the use
of multi-machines environment. Meanwhile, if transforma-
tions must be performed, their quality is better in terms of
response time.

(iii) Accessibility: Distribution allows to transparently ac-
cess to resources and services, and moreover, brings pro-
cesses closer to relevant resources or services they need, re-
ducing the communication cost. This reduction of commu-
nication cost is characterized by a reduction of the number
of messages (processes are close to information) and a re-
duction of the size of messages (treatments are performed
before sending).

(iv) Security: some services have security requirements: se-
cure protocols, cryptographic operation, user or/and group
registration and authentication. Their implementation as a
set of distributed entities has the advantage of being inco-
herent, if considering one single entity, as regards to hos-
tile environments with tampering attempts of the system or
users. Distributed entities are only globally coherent.

Thus, distribution is a way to provide an execution environ-
ment for applications which allows them to run in “normal”
mode where variations would have forced them to run in a
degraded mode. It may even better satisfy the QoS when
lots of resources are available.

3. RELATED WORK

Many architectures or systems supporting mobile compu-
ting and adaptiveness have been introduced providing adap-
tations to material variations such as CPU speed, memo-
ry size, disk capacity, screen display, network performance
(bandwidth, latency) or power consumption. We distinguish
between two approaches: masking-based approaches, which
attempt to mask mobility to users at a network or system
level, and adaptation-based approaches which explicitly im-
plement adaptiveness within applications.

Masking-based approaches aim at providing a mobile device
with the same set of services as on a desktop machine. They
consist in masking mobile aspects at network or system level
by emulating the behavior of network protocols of a static
system. For example, Mobile-IP [5] is masking protocols,
and then allows mobile devices to keep their own address
in spite of mobility. This approach has also been used in
the Coda File System [3] by offering users to work in dis-
connected mode, masking disconnection periods by caching
and hoarding techniques. These approaches do not require
existing applications modifications, and they allow applica-
tions not explicitly designed for mobility to run unmodified
in a mobile environment. Nevertheless they have limita-
tions. A complete masking can not be obtained: since they
ignore the application behavior, they are not able to adapt
to all variations. For example, user must give assistance to
the Coda File System to solve update conflicts.
Adaptation-based approaches [2] partially solve this draw-
back. Some information on the environment are provided to
the application in order to enable them to adapt their beha-

vior and their quality to the changing conditions. For exam-
ple, Odyssey [4], a software platform, monitors resources, de-
tects the changes and notifies interested applications, which
are in charge of reacting and adapting. Adaptation-based
approaches allow to implement more relevant adaptations
than masking-based approaches due to their integration with
the application. For example, multimedia applications in [1]
(an MPEG player) use software feedback to dynamically dis-
cover the appropriate data stream to use (resolution, color
depth, palette, frame rate) and detect when it becomes inap-
propriate. However, because of this implementation within
the applications, they are not flexible nor extensible. More-
over, they are often limited to degradation of applications
behavior whereas improvements are also possible. In parti-
cular, they only deal with low-level resource monitoring and
do not take benefit of the semantic of data handled by the
application to influence adaptation.

4. CONCLUSION AND FUTURE WORK

In this paper, we have presented our approach which con-
sists in an adaptive distribution of applications or services
over mobile environments. This approach can be placed
between masking-based approaches and adaptation-based
approaches. On one hand, part of mobility problems are
masked to overcome the poorness of available resources on
mobile entities and variability effects by placement and load
balancing techniques. And, on the other hand, the distri-
bution allows to take benefit of the local environment by
bringing processes closer to application relevant data or ser-
vices needed.

‘We are currently developing a first prototype of our system
using an object-oriented approach and we are planning to
validate it with an electronic press application. This appli-
cation is suitable for different reasons. It is an interactive
application which uses an important volume of data (texts
and images), contextual data and services (weather, cinema,
regional information). It also needs an important calcula-
ting power for images treatment, pages layout, profile cal-
culation, statistics, etc.
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