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Abstract: The goal of DiVA is to provide a new tsapported methodology with an integrated
framework for managing dynamic variability in admet systems. This goal will be addressed by
combining aspect-oriented and model-driven techesgn an innovative way.

1. Introduction

Adaptive systems are able to dynamically adaph&irtcontext. Managing adaptation of complex

systems that include multiple heterogeneous intex@cervices is difficult since these servicazdte

to be distributed, interdependent and sometimegladnwith other services. Furthermore, the

exponential growth of the number of potential systeonfigurations derived from the variability of

each service need to be handled. The objectivd\6ALs:

1) To provide novel build time and runtime managentd adaptive systems having co-existing
co-dependent configurations that can span acrogsraeadministrative boundaries in a
distributed, heterogeneous environment.

2) To provide efficient handling of the number oftential configurations, that may grow
exponentially with each new variability dimension.

3) To increase quality and productivity of adaptystem development and help the designers to
model, control and validate adaptation policiesvali as the trajectory going from one safe
configuration to another.

In order to achieve these objectives, we proposevaapproach where we combine aspect-oriented
and model-driven techniques. The paper is organeedollows. Section 2 describes the DiVA
approach. Section 3 introduces the industrial chisdies we use to evaluate the approach. Section 4
presents related works. Section 5 provides a ceiweiu

2. Proposed Approach

The idea of the approach we propose is to combiodeindriven and aspect-oriented techniques to
handle the complexity of adaptive system constoactind execution. Models cope with complexity
through abstracting the dynamic variability. Aspedented techniques are utilized to model the
adaptation concerns separately from the other &spafcthe system. By utilizing model based
abstractions and advanced separation of concenesadaptation becomes easier to design and
understand, possible to validate and allows toyeasblve the adaptation policies even at runtifne.
the following sections, we show how we use the tsatniques to manage dynamic adaptation.

2.1 Model-driven Approach for Dynamic Adaptation Management
The idea is to use models at two levels in ordemsnage dynamic variability: at design time and
runtime (see Figure 1). In the following we spg¢ibw models are used at each level.

At design-time, a system is modelled using a Imasdel which contains its basic functionalities and
set of variant models which can be composed withtihse model. In order to identify which variant
have to be selected depending on the context ofuttieing system, an adaptation model is specified.
The adaptation model specifies the following eletsien



- A set of dependencies that specify constraintsvarants. For example, the use of a
particular variant might require or exclude othdreese constraints reduce the total number
of configurations by rejecting invalid configuratia

- A context modebf the system

- A set of adaptation rulgbat link the context elements from the contexteido the variants
that should be used according to the context vanat
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Figure 1. M odel-driven Approach for Dynamic Adaptation M anagement

At runtime the configurations of the system ardthhy selecting the variants that adapt to thetexin

and composing them with the base. To select thdigiration that adapts to the context, the
reasoning framework collects context informatioonfr sensors and processes the adaptation model.
The output of the reasoning framework is one oremmptions that match the adaptation rules and
satisfies the dependency constraints. For eachheet options the complete model of the
corresponding configuration can be built at runtioeng model composition (see more details in
Section 2.2). The correctness of the composed gardiions are checked with respect to the specified
dependencies.

Once a configuration has been selected and chedkedyunning system can be adapted. The
adaptation is carried out through a model thatissally connected to it. This model is transforrwed
match the configuration that has been selected. rliheing system is adapted thanks to the causal
connection. The main advantage of using causalinected models for dynamic reconfiguration is the
automatic generation of reconfiguration script¢dad of writing them by hand.

2.2 Aspect-oriented Modelling Approach for Dynamic Adaptation Management

We useaspect-Oriented Modelling techniques in order tokla the issue of the combinatorial
explosion of variants. AOM allows us to encapsuldistinct variation points into aspects which are
separated from the base model of the system’situmadity. Then, distinct aspects might be composed
into the base model in order to obtain differemtfiurations. This approach allows us to reasomon
limited and linearly increasing number of aspetiisis avoiding the specification of all the possible
configurations and consequently the problem of doatbrial explosion.



In practice, the variants are defined as aspeceiadd be woven in the base model. From a particula
selection of variants, the corresponding configaratcan be built automatically by weaving the
corresponding aspect models into the base model.

3. Industrial case studies
Case studies from two different domains are useglidate the DiVA approach:

- The first case study is about the crisis manageiatesuh airport where the configuration of an
airport systems is dynamically adapted accordindpéocrisis situation. A crisis can cause the
failure of one or several critical systems of thgartt, it can require a dynamic connection to
external systems such a police station, a hospita ministry, and it can necessitate the
reconfiguration of non-functional services such tag security management and the
communication.

- The second case study is about the Customer Redatjp Management (CRM) based on
dynamic combination of services (service mash-aps) service adaptation according to the
user requirements and preferences.

4 Related Work

Several existing approaches have focused on uridgrlynechanisms to support dynamic
reconfiguration using reflection[1]. Considerabteeation has been placed on policies and associated
policy languages for reconfigurable systems, and rafe-based approaches and associated
interpretation frameworks [3][4]. Significant woffecused on autonomic computing leading to the
concept of emergent behaviors in evolutionary sysfg]. In DIVA the runtime model uses variation
points as a dynamic representation of variabilitiius, the reflection abilities are moved up to the
model level. A key benefit is that models can beduto provide a richer semantic base for runtime
decision-making related to system adaptation ahdrauntime concerns. In DiVA we can use models
to help determine when a system should move froenocomsistent architecture to another and compute
safe migration paths.

In MADAM and MUSIC[6,7] the main variability meche&sm consists in loading different
implementations for each component type of thenhitecture. DIVA reduces the complexity by
decomposing the system into a base model and aspect

5. Conclusion

DIVA proposes a novel combination of Model-Drivendineering and Aspect-Oriented Modelling to
manage dynamic variability of complex systems. Asyigriented Modelling allows to reduce the
combinatorial explosion of variants. Model-Drivendineering automates and improves the creation
of the reconfiguration logic. During the next tweays, we plan to elaborate our approach by
validating it with the industrial case studies addveloping a reasoning framework that will
automatically select and weave the most adapteéctspUsing a causally connected model to
manipulate the running system increases respomsss tfor adaptive systems. The evaluation of our
approach efficiency is consequently necessary.
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