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Abstract communication-based applications, deciding such a recon-
figuration for one or more levels of interaction and distri-
Handling context-aware dynamically adaptable archi- bution will depend on the situation of a run-time changing
tectures contributes to the design of self-configuring-soft context. Providing generic solutions for automated self-
ware systems. Dealing with such a problem for commu- reconfiguration in group communication support systems
nicating system is even more challenging since adaptationcan be guided by rule-based reconfiguration policies. This
should address simultaneously the different communieatio is the approach we adopt in this paper. In order to guar-
levels. This is necessary for handling both unpredictable antee the architecture updates correctness we use formal
changes in the low level constraints and predictable evo- techniques. In particular, graphs represent a powerful ex-
lutions in the high level requirements. In this paper, we pressive mean to specify respectively static and dynamic ar
address this problem by providing a model-based, rule- chitectures aspects. Our solution is based on graph gram-
oriented approach that supports the adaptation process. mar theories. It handles architectural refinement as graphs
An architecture may represent the different possible ser- where vertices are assimilated to software services and com
vice compositions and the associated architectural config- ponents. It provides the graph transformation rules ahowi
urations. We consider the multi-level models of the com- to handle the deployment architecture changes at run-time.
municating system architecture. We consider the intrallev
architecture transformatipns as the elemeqtary adaptatio 2 Model-based approach for adaptability
actions. We handle consistently the related inter-levalad
: . S - : management

tation actions by considering additional architecturalre
lationships viewing the lower level architecture as a re- . . o .
finement or a mapping of the upper level. We provide the Managing self-adaptability for optimizing QoS in group
algorithm characterizing the multi-level architecturaged ~ COmmunication activities requires considering severadi
adaptation process. We then develop a rule-oriented imple-Of €volving requirements and changing constraints, and

mentation using graph grammar and handling architectural leads to architectural adaptations at different levelshef t
transformations as graph rewriting rules. communication stack. This raises a coordination problem

which, if not properly addressed, may conduct to inefficient
or even inconsistent solutions. For instance, adapting the
architecture to maintain QoS under a given constraint may
be handled at different levels considering a tradeoff betwe
the different requirements and the different constraints.
Designing and implementing self-adaptive communicat- Managing architectural adaptations requires defining and
ing systems is a complex task, which may be addressedmodelling abstraction levels dedicated to specific parts of
via model-based design approaches associated with autothe whole adaptation (Figure 1). Distinguishing these dif-
mated management techniques for dynamic architecturalferent abstraction levels allows designers and develdpers
adaptability. In self-adaptable applications, composent respectively master the specification and the implementa-
are created and connected, or removed and disconnectetion of adaptation rules. For a given deployment configu-
during the execution. The architectural changes respondation A, ; at leveln, multiple deployment configurations
to constraints of the communication and resources capac{A4,-1,1, ..., An—1,) May be implemented at level — 1.
ities variations. Providing solutions for distributed tsadre Adapting the architecture to constraint changes at level
systems supporting group communication requires manag-by switching among these multiple deployment configura-
ing dynamically evolving group membership and dynami- tions allows maintaining unchanged the n-level deployment
cally connecting deployment nodes. For a number of group configuration. Moreover, when adaptation requires changes

1. Introduction
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When we detect one event, we reconfigure the current de-
ployment configuration according to the event that gener-
ates a new deployment configuration (levgl using the
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Figure 1. Abstraction levels

at leveln, this may need no changes at lewet- 1 if initial other reconfiguration event that will trigger the reconfegur
and new deployment configurations of lewgle.g. changes  tion again. _ _

from A, to A,2) have common implementations (e.g. | our approach, we provide graph grammars to imple-
An_1,) at leveln — 1. ment architecture reconfiguration at the service lewgl (

We present an approach that formalize the refinement@nd architecture refinement (e.g for mapping S-level on
and the reconfiguration process. We define also functionst0 M-level). The refinement graph gramm@G re fine.
that allow to select the suitable deployment configurations for @ given configurationd,; € (An1,...,Anp) at
at each step of the reconfiguration process. the service level, produces the set of configurations

The adaptation approach begins by selecting and re-(An-1,1, s An—1,) that can implement at the middle-
fining the initial deployment configuration .The procedure Ware level ¢ — 1). We present also a graph grammar
Refine() formalizes these two actions. Preconfigure that allows transforming the architecture for

After the refinement of the initial deployment configura- andling the evolving of communication requirements.
tion, the adaptability approach selects the optimal deploy
ment configuration at the level — 1 that implements the 3. Conclusion
initial deployment configuration at the level The proce-
dureWeight_Selection() formalizes this step. The selec- In this paper, we have presented a multi-level architec-
tion is based on minimizing theveight that is a generic  tural reconfiguration approach for implementing context-
function independent of the context and thet thatis a  aware adaptation procedures. We have shown how describ-
generic function independent of the context. ing deployment architectures as graphs and using graph

After this first selection, the adaptability approach waits grammars allows a rule-based management model to be
for a reconfiguration event. When a reconfiguration elaborated. The rules handle both transforming a given ar-
event occurs, this triggers a reconfiguration procedurechitecture within the same level and architectural mapping
Reconfigure(). This procedure reconfigures the current between different levels. Using such a rule-based approach
deployment configuration and generates a new deploymentllows correct architectural reconfigurations to be charac
configuration at leveh. terized and used either offline to help implementing the de-

After the reconfiguration of the initial deployment con- cision process, or online to handle the architectural adapt
figuration, the adaptability approach selects the optireal d tion.
ployment configuration at the level — 1 that implements
the deployment configuration at level obtained thrqu_gh 4. Publications
Refine(). The procedureDistance_Selection() mini-
mizes the distance between two deployment configurations
at leveln — 1 both implementing the correspondent deploy-
ment configurations at the leveland the cost according to
the context.

The adaptability approach loops and waits for an other
reconfiguration event that will triggers a new reconfigura-
tion at leveln.

we can summarize our approach by a set of steps. We
select the initial deployment configuration of levelthat
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