Adaptivity support at the architectural level
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ABSTRACT services she uses or chooses another application this
Mobility is fast becoming a key feature in software corresponds to movement in this space.

development, and mobility support brings forward a set of 3. Connection technology. This space consists of all the
new requirements and challenges to both existing and new terminals and communications options open to the user.
applications. At the core of these challenges is a changing Moving in this space corresponds to the users
and dynamic operating environment, as the users move selections of equipment.

from different terminals, locations and contexts In a mobile system the context of the user and thus the
To address these challenges, applications need to be context of the system will change over time. Changing
increasingly adaptive, changing to fit the environment and contexts provides a challenge to the systems architecture in
the user's needs. This paper presents ongoing researcfyo ways: i) defining mechanisms and patterns that support
aimed at introducing adaptIVIty at the software architecture adaptation to the context of the System’ br|dg|ng existing
level, based on ideas from component-based softwarezng future technologies, and developing methodologies
engineering. We propose to use components Withand model sets that facilitate the design of such systems.
adaptation [nterfaces in addition to the traditional service Techno|ogy is available today that enables Systems to be
interfaces. Intelligent agents can then be used to manipulatgjistributed across networks, and allows users to access
the architecture in order to achieve the desired systems in a variety of ways, also from mobile settings. But
functionality. the ways of access are foreseen in advance, and specialized
The approach means that existing systems built on statidunctionality is produced to deliver just that access point.

architectures can be endowed with increased adaptabilityrhe authors of this paper are currently taking part in the
through introducing components with adaptation interfaces,Norwegian research project LAMA. LAMA has set out to

and agentS Capable of interacting with the architecture. research into a wide Variety of aspects within mobile
INTRODUCTION computing, spanning from innovative applications to

Recent market analyses confirm the view that mobility is network and infrastructure technologies. The authors of
one of the key trends in ICT today [2], [3], [6]. This trend this paper are working within the LAMA research area of
will bring forward new requirements to existing System architectures and methodologies.

applications or systems and will also bring requirements forCHALLENGES OF MOBILITY

new types of systems. The overall goal being that theywhile mobile applications share the same difficulties and
system masks from the users the fact that the user is mobileghallenges found in stationary applications, the nature of
Mobility is aboutmoving around. Mobility can be defined  their environment imposes new difficulties not found
with respect to a users' movement in three spaces: elsewhere. There are three fundamental requirements to
mobile applications [5]: Wireless networking, Ability to

1. Th / hi Ild. This space consists of . -
¢ rear Feosraphic wor P change locations, and unencumbered portability.

physical locations  (space-time  co-ordinates).
Movement here is when users change their physical Wireless networking is a much less stable communication
position. environment than cable-based networking. While traffic

2. The global information space. This space consists of intensity and bandwidth may vary on physical cables, the
the huge number of progr;ams and files residing on variations are much larger in wireless communication. Low

computers throughout the world which can be accesseabf"mdW'dthS and high error rates are common, and

by remote users. When a user changes the informationdlsconnectlons; are frequent but often brief. Although



improvements will be made, these issues are not likely to one must ensure that roaming data arrives at the intended

disappear in the foreseeable future. server, a server must know that the mobile unit requesting
When bandwidth is a scarce resource, it is very important to data is who it claims to be, and so on. Making matters even
utilise this bandwidth effectively. A mobile unit needs to more complicated is the fact' that one canno't guarantge a
adapt itself to varying bandwidths with as little user predetermined I.evel.of security, and the qqallty of service
interaction as possible, and ideally without the user noticing sh<_)uld scale with (_Jllfferent Ie_v_els of security, rather than
it at all. The godl is to achieve the best possible quality of ~ P€ing an all-or-nothing proposition.

service (QoS) perceived by the user, and perhaps even more All of these issues have one thing in common: They
important, achieve a predictable quality of service from the demand an increase in th@aptivity of the applications

user’s viewpoint. This means that the quality of service used in a mobile setting.
should degrade as gracefully as possible when the quality o

f o
communication drops. Adaptivity

Adaptivity is the fundamental mechanism which will enable
To make the mobile units less dependant on constantapplications to function in the ever-changing world of
communication, one common solution is to move data andmobility. Adaptivity can be introduced at all levels of an
processes to the local client through explicit application, and may take many different forms, from
synchornization. This should rather be done automatically, adaptive protocols (packet size, rate of transmission) to

where the mobile unit is able to decide what and when toadaptive user interfaces and adaptive qualities of service.
update depending on the quality and availability of the

network connection. Data sources and user services will
have to be distributed and mobile, making it possible to account for changes in the operating environment.

o o e 1 e e o SVer L may be Gt 0 anahze and resson s
to consistency and availabilty, requiring flexible ¢ 2daptvity in the application awhole, when adaptivity

) ) i . : s introduced on an ad-hoc basis. Therefore, we believe that
transactllon mechanisms, automatic updates and mtelhgen{here is a fundamental need for software architectures that
prefetching. are adaptive in nature. This is closely connected to the ideas
While the users own data should be available independenbf reflective and adaptive middleware presented by Blair
of location and context, there is also a large volume of [4], where it is argued that mobile applications need to be
context-specific data that should be available to the mobileaware of the implementation of middleware components,
unit only during specific intervals in time and space. Theseand need to be able to change the implementation to
include maps, special offers at the nearest supermarket, thachieve the necessary adaptation. An adaptive architecture
location of the philosophy section in the library the user is will allow reflection to be used effectively and consistently
in, and so on. These kinds of data need to automaticallythroughout the application.
make themselves available to the mobile unit, and know
when they are needed.

Common to all kinds of adaptivity mechanisms is the fact
that they attempt to adjust some level of the application to

APPROACH

Our background is in software engineering for evolutionary
To achieve unencumbered portability, mobile units will systems, i.e. systems that are designed for continuing
haVe to be Sma”. Th|S places restrictions on the klnds Ofchange in Order to Cope Wlth Changing requirements and to

same basic levels of functionality he or she enjoys in their

office or their home. In addition, applications will be used
both in mobile and stationary settings, with different
equipment available. Context-aware applications will
become important, as the mode of interaction will vary A system built according to this approach consists of a
according to the context the user is in. As a simple example collection of software components collaborating through
voice communication is not always appropriate, but it is carefully designed interfaces and supported by a
very appropriate if the user is using his hands for otherstandardized component infrastructure providing the basic
tasks, such as driving. mechanisms for creating and destroying and communicating
between components in a distributed hardware environment

In our opinion, the most promising approach to building
systems capable of meeting such challenges is Component
Based Software Engineering.

As well as the challenges tied to the aforementioned
requirements, the problem of security in a mobile This component-oriented architecture achieves its flexibility
application is affected by all the requirements. in various ways, for instance

Communication should be shielded from unwanted . gseparation of concerns, i.e. different aspects of the
listeners, and data both in the local unit and central data  system isolated in different components localizes the
stores must be secure and available at the same time. Secure  effect of adaptation,

authentication is required at many levels, the mobile unit

must not be useful for anyone other than its intended user; Interfaces that are generic w.r.t. the anticipated changes

facilitates adaptation by replacement,



- Components designed for adaptation through various
forms of parameterization.

Basically we believe that a similar approach is applicable to
the engineering of mobile systems.

As explained above, a key characteristic of mobile systems
is the need to change in order to cope with varying
communication and usage situations. However, unlike
evolutionary systems where the adaptation usually takes
place at compile or build time when producing enhanced or
customized releases, the changes to mobile system must
take place more dynamically while the system is actually
being used, and preferably automatically and with a
minimum of inconvenience for the user.

This calls for extensions to the architecture. Below we
discuss some possihilities that we are exploring in LAMA.

Adaptation interfaces

One approach to coping with adaptation in evolutionary
systems is known as Open Implementation [7]. The idea is
to relax the black-box nature of components by providing
them with a specific adaptation interface in addition to the
normal service interface. The purpose of the adaptation
interface is to offer the client some influence over the
implementation choices of the component, without
exposing implementation details. Many of these meta
interfaces already exist in some form, but require manual
reconfigurations by a human system administrator.

Open implementation does support dynamic adaptation and
appears like a suitable mechanism for coping with the kind
of changes needed for mobile systems [4].

Adaptation agents

Just as software agents can be used to provide applications
such as network management with intelligent automation of
certain tasks, agents can aso be used to endow an
architecture with intelligent adaptivity. Andersson [1]
outlines how to implement reactive software architectures
using agents. Using components equipped with service
adaptation interfaces, the agent is able to dynamically alter
the architecture according to predefined rules.

Agents can interact with an architecture using triggers,
effectors and sensors. A trigger is an event generated in the
architecture, for example a loss of connection. An effector
allows the agent to actively change the architecture, for
example by cutting or creating connections between
components. Sensors allow the agents to collect information
from the architecture, which in turn can be used to make
qualified decisions.

Collections of agents can cooperate or work independently
to achieve the desired levels of adaptivity in the
architecture. One possibility is to assign responsibility for
different aspects of the system to different agents, with one
agent being responsible for security, one for reliability of
communication, and so on. An interesting starting point
would be to construct an agent responsible for maintaining

the quality of service in an application, by rerouting
connections, moving data to and from the mobile unit, etc.
Adaptivity supporting middleware

Most modern information systems are built on a multi-tier
architecture paradigm making use of some sort of
middleware. In mobile systems it is essential that the
middleware is adaptive. Through the LAMA project focus
will be set on identifying the different requirements for
adaptivity in middleware. In [8] issues regarding mobility
and CORBA are discussed. This work within the OMG
will be closely monitored and partaken in through the
LAMA project. The goal of gathering these requirementsis
to be able to choose or build middleware with the necessary
support for adaptivity.

FURTHER WORK

Using software agents to increase the adaptivity of an
architecture creates many interesting opportunities for
further research and refinement. We are also interested in
developing methodologies and model sets that facilitate the
design of systems using the proposed architecture.

Another interesting possibility is to employ adaptivity
agents with learning capabilities, enabling them to learn
which adaptations are most successful under different
conditions.
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