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Abstract. The increasing complexity of current software systems is encouraging the
development of self-organizing software systems, i.e. systems capable of reconfiguring their
structure at runtime. These systems can be composed of autonomous composite components
which aso need independent reconfiguration capabilities to evolve their interna
compositions. Self-organization in software architectures is described by means of
reconfiguration specifications. However, these specifications are often tangled with functional
specifications, thus decreasing the maintenance of such systems. This paper presents an
approach for supporting autonomic reconfiguration of composite components, taking
advantage of aspect-oriented techniques. This approach identifies the common concerns that
are necessary to support the autonomic reconfiguration and encapsulates them into aspects,
avoiding tangled code. Thus, self-reconfigurable composite components are weaved with
these aspects and benefit from: (1) easy maintenance, since the reconfiguration concern is
separated from the other concerns; (2) autonomous reconfiguration, since it is provided with
dynamic reconfiguration services to change its architecture.
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1. Introduction

The increasing complexity of current software systems is becoming unmanageable: large complex
systems are more and more difficult to develop and maintain. These systems require design
methodologies capable of addressing the increasing complexity of the developments, but also
exhibiting maintainable, flexible and scalable properties.

Software Architecture [28] provides techniques for describing the structure of complex software
systems. Its aim is to hide low-level details and help to understand the system. The architecture of
a software system is described in terms of architectural elements (components and connectors) and
their interactions with each other. Software architectures have a hierarchical structure where
components can be combined to create composite components which, in turn, can be combined
into more composite components. Flexibility can be provided by alowing the software
architecture to change the configuration among its architectural elements to a new one which
supports the new situation. However, since there are systems that cannot be stopped to perform
this configuration, this must be done at runtime. The Dynamic Reconfiguration of software
architectures [22] provides support to this, by allowing the runtime creation and destruction of the
architectural element instances and links at run-time [15],[22].

However, most of the approaches proposed to support dynamic reconfiguration does not have
the properties of being scalable or easily maintainable. On the one hand, some approaches supports
the dynamic reconfiguration from a centralized way, thus decreasing the scalability of the solution
when the system grows. On the other hand, the specification of the dynamic reconfiguration
behaviour is often tangled with other concerns of the system, such as the business logic (the
functional concern), thus decreasing the maintainability of the code.

* This work is funded by the Spanish MICYT (META project TIN2006-15175-C05-01) and by the UPV (the project
“Quality-Driven Model Transformations”).
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Our work is focused on the design, construction and maintenance tasks of software architectures
with self-management features from a Model-Driven Development (MDD) perspective. This paper
takes a step forward from a previous work [8], where it was proposed to isolate the dynamic
reconfiguration concern from the rest of the system and its decomposition into reconfiguration
specifications and reconfiguration mechanisms. In this paper we detail these ideas, addressing the
description and design of composite components capable of reconfiguring themselves in a
decentralized way, without tangling evolution and functional concerns. We have called this feature
aspect-oriented autonomic reconfiguration, since local autonomy for dynamic reconfiguration is
provided for each composite component, and separation of concerns is provided by means of
Aspect-Oriented Software Development (AOSD) techniques [20]. Moreover, dynamic
reconfiguration is addressed in a platform-independent way, by identifying the high-level features
a reconfigurable technology should provide. These features have been inferred from platform-
specific works supporting dynamic reconfiguration. Our approach has been applied to PRISMA
[27], which provides a MDD framework and a platform-independent Aspect-Oriented Architecture
Description Language to describe software architectures.

This paper is structured as follows. First the decisions that guide our approach are presented in
section 2. Next, the PRISMA model, where we have applied our approach, isintroduced in section
3. Then, the approach for supporting autonomic reconfiguration is presented in detail in section 4.
Related works that address dynamic reconfiguration are discussed in section 5. Finaly,
conclusions and further works are presented.

2. Dynamic Reconfiguration of Software Architectures

Our work defines a design approach to build dynamically reconfigurable software architectures, a
key aspect towards the development of self-managed software architectures. Dynamic
reconfiguration of software architectures [22] provides support for run-time: (i) addition of new
functionality (i.e. new components), (ii) replacement and/or removal of existing functionality, and
(iii) modification of the connections among the architectural elements. In order to design a
dynamically reconfigurable software system, there are some attributes that must be considered.
The set of different attributes that characterize a dynamic software system had been studied in
different works [3][4][24]. We state here the attributes we have considered the most important to
include in our approach, and the reasons that guided such decisions.

The first decision to tackle with is the granularity of changes, that is, a what level of
abstraction we are going to describe dynamic changes. On the one hand, there are several works
that propose different techniques to support dynamic adaptation, as summarized in [24]. However,
these works are focused on a specific technology, and for this reason, usually the reconfiguration
specifications are specified at a low abstraction level. On the other hand, there are several works
that propose formal Architecture Description Languages (ADLs) to describe the dynamic
reconfiguration at an high abstraction level, as summarized in [3]. However, most of these works
have not addressed how to support the execution of such high level reconfigurations. Since the
dynamic reconfiguration of software systems is highly related with the management of running
software artifacts, we should consider not only the specification of how a system should be
reconfigured, but also the mechanisms that support this reconfiguration process. One of the major
contributions of this paper is the definition of a model that bridges the gap between these related
areas: formal dynamic ADLSs, and platform-specific adaptation mechanisms.

The second decision to tackle with is the activeness of the software system [4]: if the dynamic
reconfigurations will be reactive or proactive. On the one hand, reactive reconfigurations are
dynamic changes that are driven externaly by an externa agent (usually the system architect or
developer) and by means of a user interface. Endler [15] defined them as ad-hoc reconfigurations.
On the other hand, proactive reconfigurations are dynamic changes that are driven autonomously
by the system when some specific conditions or events apply. Proactive reconfigurations are
usualy described by means of reconfiguration specifications. A reconfiguration specification
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describes when the architecture should change (e.g. in response to certain events or state changes)
and what kind of changes must be performed on the architecture for each situation. Proactive
reconfigurations can be described at design-time (also called programmed reconfigurations [15])
or synthesized dynamically at run-time, according to high-level goals[29]. Both kinds of dynamic
changes are complementary and must be supported in order to allow a system to reconfigure itself
autonomously (e.g. by using programmed reconfigurations) and to introduce unanticipated
changes or updates (i.e. ad-hoc reconfigurations). Both reactive and proactive reconfigurations
have one point in common: they use the same reconfiguration mechanisms, which actually carry
out the run-time changes (i.e. to add/remove components safely at run-time, by preserving the
system state). A way to support both kinds of reconfigurations is by explicitly modeling and taking
into account the mechanisms that are going to support the dynamic reconfiguration process.

The third decision to tackle with is about the management of dynamic reconfigurations. Due to
the growing size and complexity of software systems, scalability is also an important issue, as
stated by Bradbury et al. [3], and by Kramer and Magee [21]. The management of reconfigurations
can be addressed either in a centralized or in a decentralized way. Centralized approaches provide
a single, global entity (the configuror) that contains (or generates) al the reconfiguration
specifications to perform on the whole software architecture. Decentralized approaches distribute
reconfiguration specifications across the architectura elements (i.e. components and/or
connectors), which are capable of reconfiguring the architecture to which they belong. This is
usualy carried out by using specific reconfiguration primitives that are provided by the ADL. Our
proposal follows a partial decentralized approach: each composite component of the software
architecture has fully local autonomy to dynamically reconfigure itself independently of the rest of
the system. This means that each composite component: (i) contains/generates the reconfiguration
specifications to change its architecture, and (ii) is provided with its own reconfiguration
mechanisms to evolve independently. Thisis another key contribution of our work.

Another decision we have taken into account is how to deal with the separation of concerns.
Separation of concerns in the context of software evolution allows us to separate parts of the
software that exhibit different rates of change [23]. This should be taken into account in order to
appropriately separate the different concerns involved and improve the maintenance and reuse. In
order to avoid the entanglement of the functional and reconfiguration concerns, and to improve its
design and maintainability, aspects are used in our approach. Aspect-Oriented Software
Development (AOSD [20]) proposes the separation of the crosscutting concerns of software
systems into separate entities called aspects. This separation avoids the tangled concerns of
software, allowing the reuse of the same aspect in different entities of the software system as well
as its maintenance. Although several proposals have addressed the integration of aspects in
software architectures [10], very few of them have considered the encapsulation of the
reconfiguration concern into aspects [2], [14]. We consider that the separation among the
functional and reconfiguration concerns is a first step to build adaptive systems easier to maintain.
Thus, the reconfiguration code will be able to change the functional code without being affected.

Therefore, the key ideas a framework should provide to allow the design of autonomous
dynamic reconfigurable systems are the following: (i) Support for both reactive and proactive
reconfigurations, (ii) Decentralized reconfiguration specifications and local autonomy for each
composite component, and (iii) Separation of the reconfiguration concerns. Our work has been
applied to the PRISMA approach [27]. This provides the following benefits: (1) architectural
elements are used to model functional decomposition, and aspects are used to model crosscutting-
concerns (functionality, reconfiguration, etc.). Thus, components and aspects encapsul ate different
properties thereby avoiding tangled code; (2) the PRISMA model is completely formalised and its
Aspect-Oriented Architectural Description Language (AOADL) is a forma language, so the
evolution requirements of our proposal can be easily formalized and executed without ambiguity;
(3) PRISMA software architectures can be automatically compiled to a technological platform by
using code generation techniques, so a technology-independent approach can be defined; and (4)
the PRISMA tool supports the development of aspect-oriented software architectures following the
Model-Driven Development (MDD) paradigm. Next, the PRISMA model is briefly described.
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3. Background: The PRISMA Model

PRISMA is an Architecture Description Language that has introduced aspects as a new concept of
software architectures. They are first-order citizens of software architectures and represent a
specific behaviour of aconcern (safety, coordination, distribution, etc.) that crosscuts the software
architecture. PRISMA has three kinds of architectural elements: simple (components and
connectors) and composite (systems). Each architectural element encapsulates its functionality as a
black box and publishes a set of services that they offer to other architectural elements through
their ports.

However, the interna view of these architectural elements differs between simple and
composite ones. On the one hand, the internal view of asimple architectural element is an invasive
composition [1] of aspects, which can be shown as a prism (see Figure 1, left). Each side of the
prism is an aspect that the architectural element imports. Aspects are synchronized among them by
means of weavings, that indicate how the execution of an aspect service can trigger the execution
of services in other aspects. On the other hand, the internal view of composite architectural
elements includes a set of architectural elements (components, connectors and other systems) and
the links among them (see Figure 1, right). There are two kinds of links: attachments and bindings.
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Fig. 1. Internal view of simple and complex PRISMA architectura elements

4. Autonomic Aspect-Oriented Composite Components

As also stated by other authors [3][16][17][21][26], we have observed that self-managed
architectures usually follows a closed control loop that periodically monitors the architecture,
plans if any (corrective) change needs to be performed, and effects them. This control loop have
been taken into account in other disciplines to develop self-managed systems, being the most
known the Autonomic Computing discipline [19]. Autonomic Computing (AC) proposes to
achieve the self-management of systems by means of an autonomic control loop, which monitors,
analyzes, plans and executes control operations on a managed resource to achieve a set of
predefined high-level goals. These goals are part of the knowledge of an autonomic element.

Self-managed architectures can be also considered from an autonomic point of view, because:
(1) they manage a resource (the software architecture configuration); (2) they have a set of
predefined objectives (reconfiguration specifications); and (3) they have a set of control operations
that constantly monitor the resource (i.e. the architecture) to detect when a change (i.e. a
reconfiguration) is needed. Following the guidelines from Autonomic Computing, we have
identified four concerns that dynamic reconfiguration should take into account: (i) architecture
monitoring, the concern that captures the events that take place in the software architecture; (ii)
reconfiguration analysis, the concern that analyzes events to detect if a reconfiguration must be
done, and that provides the set of reconfiguration actions to be performed on the architecture; (iii)
reconfiguration planning, the concern that plans or coordinates how the set of reconfiguration
actions must be applied safely on the architecture without interrupting current transactions, and
(iv) reconfiguration effector, the concern that applies atomic reconfiguration operations on the
software architecture.
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Each of the concerns we have identified to perform the reconfiguration have been encapsulated
into an aspect (Monitoring, ReconfigurationdAnalysis, ReconfigurationCoordination and
ReconfigurationEffector). Next, each one of these aspectsis described in detail below.

4.1 The Monitoring aspect

This aspect monitorizes the architecture of the composite component where it has been imported
to. It provides a set of services for collecting information about: (i) the events that take place in the
architecture, (ii) the current configuration of the architecture, and (iii) the runtime status of the
different elements of the architecture (see Figure 2).

Services 1 to 3 (see Figure 2) alow to capture any event triggered in the composite component.
Examples of events are: a service execution request, the creation of either an architectural element
instance or a connection, etc. Asit will be described in the following section, event captureis used
to trigger reconfiguration processes. In addition, no only internal events can be captured, but also
external events can be captured to react to changes in the environment. We use a similar approach
as[13] does, so it is not described here because it has no relevance.

Monitoring Aspect

Services

(1) afterServiceRequest (CONNid, serviceName, out params[], condition) ;
(2) beforeServiceRequest (CONNid, serviceName, out params[], condition) ;
(3) insteadOfServRequest (CONNid, serviceName, out params[], condition);
(4) getArchitecturalElementInstances (out IDList[], [AEtypel);

(5) getArchitecturalElement (AEid, out ArchitecturalElement) ;

(6) getConnections (out IDList[], [AEid]);

(7) getConnection (CONNid, out AEidl, out AEid2);

(8) getStatus (elemID, out status);

Eﬁa;Aspect;
Fig. 2. The Monitoring aspect

Services 4 to 7 (see Figure 2) provide information about the current configuration of a
composite component. These services provide the references to its architectural element instances
and to their connections. Since the architecture of a dynamic reconfigurable system can change
substantially over time, information about the configuration of the architecture at any given
moment is essential. This way, a composite component can be aware of its configuration and use
this knowledge to decide if a reconfiguration is needed. Furthermore, this information also allows
to verify whether or not a set of reconfiguration actions has been successfully executed, and
whether or not the target configuration has been achieved.

Service 8 (see Figure 2) provides information about the runtime status of the elements the
composite component is made of: if the elements are idle, they are processing services or they are
stopped. This information will alow a composite component to know whether its elements are
ready to be reconfigured or not.

4.2. The ReconfigurationAnalysis aspect

This aspect describes the proactive reconfiguration behaviour (see section 2) of the composite
component. It defines when to perform a reconfiguration process, and how the different
architectural elements must be reconfigured. The ReconfigurationAnalysis aspect defines the
policies that will drive the reconfiguration of the composite component that it belongs to. We have
used the PRISMA AOADL to define simple event-condition-action (ECA) policies. These policies
are expressive enough to describe how the composite component should react in presence of
certain events. These policies are described at design-time. However, policies can be changed at
run-time by using reflective dynamic evolution mechanisms, as described in other paper [9].

This aspect is divided into two sections: a set of configuration transactions (i.e. actions) and a
set of reconfiguration triggers (i.e. events and conditions). A configuration transaction is a
specification that describes a set of (re)configuration actions to be executed transactionally (all or
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none) in order to achieve a new valid configuration. Thus, the configuration actions will be
executed, and if anything fails, the configuration will be rollbacked. A reconfiguration trigger is a
condition which, if true, activates a configuration transaction. A condition may use the events
captured by the Monitoring aspect (see section 4.1) to check if a service has been called in the
architecture, or if aconnection has been created or destroyed, etc.

For instance, consider a composite component S consisting of two components, A1 (whose type
is A) and oldB (whose type is B), which are interconnected through an attachment (see 1, Figure
3). Assume that we wish to achieve the configuration 2 of Figure 3, if the previous instance (oldB)
does not work properly. Figure 3-right, shows the specification of the ReconfigurationAnalysis
aspect to perform this reconfiguration. On the one hand, the transaction section specifies a
configuration transaction caled repairFaultyB. First, a reference to the instance of A is obtained
(1). Next, a new instance of B, newB, is created (2). Then the connection between A1 and oldB
instances is removed (3), and a new one is created between A1l and newB (4). Findly, oldB is
destroyed (5). On the other hand, the triggers section activates the reconfiguration transaction
repairFaultyB when the trigger detects that an instance of B has an Unknown status (6).

ReconfigurationAnalysis aspect S_EvolAnalyzer

S 8 cee
oldB Transactions

J_ repairFaultyB (input oldB:string) :

(1) PREPARE = getAinst (output Al) - RECONFIGURE

O RECONFIGURE =

createB! (output newB) >

detachA B! (Al, oldB)-—>

attachA B! (Al, newB, output attID)->

destroyB! (01dB) = END;

A
Al

(2)
1) Before the reconfiguration transaction Ez ;
(5)

S . e
a Triggers
{ Al (6) repairFaultyB(oldB) when
[ —L g newE getBinst (output o0ldB) AND getStatus (oldB, “Unknown”)
End Aspect S_EvolAnalyzer;
2) After the reconfiguration transaction 3) ReconfigurationAnalysis aspect

Fig. 3. A smple Reconfiguration Example

4.3. The ReconfigurationCoor dination aspect

As described above, the ReconfigurationAnalysis aspect provides a set of domain-specific
reconfiguration specifications. Whereas the ReconfigurationAnalysis aspect is responsible for
triggering these reconfigurations when certain conditions apply, the ReconfigurationCoordination
aspect is responsible for driving the successful execution of these reconfiguration specifications. It
ensures that the reconfigurations triggered are performed transactionally (all or none).

When a reconfiguration transaction is triggered in the ReconfigurationAnalysis aspect, the
service beginConfigurationTransaction(), which is provided by the ReconfigurationCoordination
aspect, is implicitly executed. The execution of this service prepares the architecture of the
composite component to be reconfigured. Then, the execution of each configuration action
belonging to a reconfiguration transaction implicitly triggers the execution of one of the generic
reconfiguration services provided by the ReconfigurationCoordination aspect (see Figure 4).

These generic reconfiguration services describe the set of low-level actions to perform for each
different kind of reconfiguration action (i.e. creating instances, disconnecting instances, replacing
instances, etc.). Each generic reconfiguration service performs three steps. First, the running
transactions of the elements affected by a reconfiguration action are finished in a consistent way.
For instance, the affected elements when performing the destroyArchitecturalElement operation
are the instance to destroy, its connections, and its adjacent architectural element instances.
Second, the set of required low-level changes are applied (e.g. destroying the required instance and
its connections). These low-level changes are performed by the ReconfigurationEffector aspect
(see section 4.4). Third, when the reconfiguration has been realized, it is verified whether or not
the desired configuration has been achieved, by querying to the Monitoring aspect about the
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configuration information (see section 4.1). Each generic reconfiguration service successfully
executed is registered in adata structure, in order to undo the operation if anything fails.
Finally, if a reconfiguration transaction ends successfully, the service
endConfigurationTransaction() isimplicitly executed. Then, all the elements that were stopped are
restarted. It only makes sense to start reconfigured elements when all the reconfiguration
operations have been performed succesfully. If any of the reconfiguration services fails, the
configuration transaction is rollbacked.
createArchitecturalElement (architecturalElementType, initializationValues,
out architecturalElementInstancelID) ;

destroyArchitecturalElement (architecturalElementInstancelID) ;

createAttachment (archElementInstanceIDl, portNamel, archElementInstanceID2,
portName2, out attachmentID) ;

destroyAttachment (attachmentID) ;

createBinding (systemPortName, archElementInstanceID, archElementPortName,
out bindinglID) ;

destroyBinding (bindingID) ;

replaceArchitecturalElement (archElementInstanceIDToBeReplaced, newArchElementType,
[initializationValues], out newArchElementInstancelD) ;

Fig. 4. Reconfiguration services provided by the ReconfigurationCoordination aspect

4.4, The ReconfigurationEffector aspect

This aspect effects, or performs, the changes on the architecture it manages. It provides low-level
services (i.e. those that interact with the middleware and the technological platform) to modify the
architecture without taking into account the status (i.e. whether the element has been previously
stopped or not) and/or the relations with the adjacent architectural elements. These low-level
services must be correctly coordinated to carry out a safe reconfiguration: this is performed by the
ReconfigurationCoordination aspect (see section 4.3). The most relevant low-level services
provided are the following, being omitted most of the implementation detail s due to space reasons.

=  Services to change the execution status of an element: (i) StartElement(elemID), the
element is activated and can process services; (ii) StopElement(elemID), the element is
passed to the blocked status (either tranquillity or quiescence is achieved [30]).

= Services to reconfigure the architecture: (i) Createlnstance(compType, initParams, out
complD), (ii) Destroylnstance(compID), (iii) Connect(compIDI, portl, complD2, port2,
out connlD), (iv) Disconnect(connID), and (v) ReplaceArchitecturalElement(complD,
type, [params]).

4.5. The Evolver component: Placing all the Reconfiguration Aspectstogether

As described in the previous sections, the Dynamic Reconfiguration concern has been
implemented by using four different aspects. The reason of this decomposition is to separate code
that has different rates of change, as stated by Mens and Wermelinger [23]. The objective is to
avoid that changes (i.e. maintenance operations) on the platform-specific reconfiguration
mechanisms may have an impact on the platform-independent reconfiguration specifications, and
vice versa. Each aspect has a different role in the MDD process. The Monitoring and
ReconfigurationEffector aspects encapsulate the specific mechanisms that provide support for
supervising/changing the architecture of a specific technological platform. These aspects can be
easily replaced when another technological platform is selected (e.g. from .NET to Java), without
affecting the high-level reconfiguration specifications. In addition, these aspects can be used in its
own in different component models (i.e. not only in PRISMA). The ReconfigurationCoordination
aspect encapsulates the mappings from the high-level PRISMA concepts to low-level
technological services. This alows that changes on low-level mechanisms does not affect the high-
level reconfiguration specifications, and viceversa. Finally, the ReconfigurationAnalyis aspect is
different and specific for each composite component, and encapsulates the high-level
reconfiguration specifications of the component. This aspect is specified by the software architect.
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The reason to use aspects and not modules to encapsulate the dynamic reconfiguration
behaviour is because of the advantages AOSD provides. Although modules can be used to separate
concerns, the invocations among different modules are defined explicitly inside each module, thus
making each module dependent of the other. However, aspects are, by definition, independent of
each other. In addition, in symmetrical aspect-oriented models [10] like PRISMA, we cannot talk
about invocations among aspects, but synchronizations among aspects. Aspects are synchronized
with each other by means of weavings, which are defined outside the aspects and perform
interceptions of aspect services to coordinate the execution of aspects. This way, aspects are
completely independent of each other. In this way, modifying an aspect will only impact the
weavings that are specifically related to this aspect. Following the example of Figure 3, some of
the weavings between these aspects are shown in Figure 5.b (S_ReconfCoord and S_EvolAnalysis
are instances, for the system S, of the ReconfigurationCoordination aspect and the
ReconfigurationAnalysis aspect, respectively).

These aspects are provided to each PRISMA composite component intended to be dynamically
reconfigurable. In the PRISMA model, aspects are imported by simple architectura elements
(components and connectors); composite components do not import aspects. For this reason, the
aspects related to Dynamic Reconfiguration have been imported by a simple component that is
named Evolver” (see Figure 5.a).

Component Evolver

Weavings
S_ReconfCoord.createArchElement (“*B”, [],
AEid)
insteadof
S_EvolAnalysis.createB (AEid) ;

Composite component instance

Reconfig.
_ Analysis
s

S_ReconfCoord.createAttachm(AE1l, "pl”,
AE2,"p2”,attid)
insteadof
S_EvolAnalysis.attachA B(AEl,AE2,attid);

End Weavings;

— % End Component Evolver;

a) Graphical representation b) ADL specification

Fig. 5. The Evolver component (a) and an example of the weavings among the Reconfiguration aspects (b)

The Evolver component provides the composite component with fully autonomy to dynamically
reconfigure its architecture independently of the rest of the system, eliminating the need for a
centralized reconfiguration manager. Thus, a reconfigurable composite component will have a
fixed part, the Evolver component, and a variable part, al the other architectural elements and
connections of the composite component, that the Evolver will act upon. It isimportant to note that
this component can only manage the architecture that it belongs to (see Figure 5.a). However, this
fully autonomy does not mean that the reconfiguration process is unconstrained. The
reconfiguration is limited by the constraints defined in the architecture pattern each PRISMA
composite component defines [7]. Thus, athough different instances of the same composite
component may reconfigure its architecture, they will always maintain their conformance to their
architectural pattern, so that the overall composition is preserved.

This fully autonomy is optional: only those types of composite components which may be
subject to changes in the future are created (i.e. automatically generated in the context of a MDD
paradigm) with reconfigurable mechanisms, in order to optimize system resources and
performance. Thus, we can design software systems that are made of static architectural elements
(i.e. not evolvable) aswell as autonomously evolvable architectural elements.

T This name has been chosen because this component also imports other aspects, related to the dynamic
evolution of architectural types. However, since this is outside the scope of this paper, we refer the reader
to [9] for further details.
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5. Related works

In the last years, alot of research efforts have been done to address dynamic evolution of software
systems [4][24], and dynamic reconfiguration of software architectures [3][11]. A few proposals
have explicitly addressed the use of aspects to separate the evolution concerns in software
architectures. AO-Plastik [2] isolates the reconfiguration concern by using aspectualized
components and connectors to encapsulate the reconfiguration specifications. SAFRAN [14] has
extended the FRACTAL component model to introduce adaptation aspects, which decouple
reconfiguration from functional concerns. However, these approaches do not take into account all
the concerns involved in the autonomous control loop, such as monitoring and effecting changes.
Greenwood and Blair [17] proposed the use of dynamic aspects for monitoring and effecting
changes. However, this work is focused on a particular technology whereas our approach is based
at the architecture level in a MDD context. There are many ADLS, such as Darwin[22], LEDA[6],
PiLaR [11] or SOFA [5], which provide dynamic reconfiguration support to software architectures
through specific language primitives. However, these works only focus on reconfiguration
specifications but do not describe how reconfiguration primitives reconfigure the architecture at
runtime. In addition, its functional specifications are tangled with reconfiguration specifications.
Several architecture-based approaches [12], [16] that provide self-adaptation capabilities [26] have
emerged. However, these approaches use external and centralized reconfiguration mechanisms
instead of using localised mechanisms to each system instance. Morrison et al. [25] have used the
term autonomic evolution for describing those systems which can make changes to themselves
based on evolutions that have previously been programmed. This approach is closely related to
ours, but it is not described how the high-level mechanisms for change interact with the runtime
infrastructure and if some aspects of the reconfiguration process are addressed.

6. Conclusions and further works

This paper has described an approach for supporting dynamic reconfiguration of composite
components in an autonomic way. The guidelines for building autonomous systems, described by
the Autonomic Computing approach, have been applied to identify the concerns involved in the
dynamic reconfiguration process. These concerns have been encapsulated into aspects to avoid
reconfiguration code from being tangled with system functionality. These aspects are: the
Monitoring aspect, the ReconfigurationAnalysis aspect, the ReconfigurationCoordination aspect,
and the ReconfigurationEffector aspect. These aspects are imported by the Evolver component,
which is imported by each composite component with autonomic reconfiguration needs.
Maintenance and reuse is improved as the aspects defining reconfiguration mechanisms
(ReconfigurationCoordination, Monitoring, and ReconfigurationEffector) are described just once
in the system and are imported by all composite components which are going to be reconfigurable.

We have used the PRISMA AOADL to define simple event-condition-action (ECA) policies,
although any other kind of policies could have been defined [18]. Other promising approaches that
could be encapsulated inside the ReconfigurationAnalysis aspect are those that carry out task
synthesis from high-level goals [29]. Our contribution is not the definition of the reconfiguration
specification, but the explicit separation between the reconfiguration specifications and the
mechanisms that provide support to them. This way, the different concerns (i.e. the business logic,
reconfiguration specifications, and reconfiguration mechanisms) can be mantained separately since
they have different rates of change. The former is changed by the reconfiguration specifications
together with the reconfiguration mechanisms. Moreover, the reconfiguration mechanisms can also
be used to change the reconfiguration specifications, treating them as any other concern of the
system, aswe stated in [9].
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