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Abstract. In this paper, we propose the application of concepts from aspect-
oriented software development to facilitate modular treatment of dynamic re-
configuration descriptions in specification-to-deployment environments. Our
strategy differs from earlier work in the area by blending aspects and architec-
ture abstractions simply and seamlessly through a special kind of connector —
called an aspectual connector — that encapsulates reconfiguration interactions.
More specifically, we propose an aspect-oriented specification-to-deployment
environment, called AO-Plastik, that uses our AspectualAcme ADL to specify
dynamic reconfiguration by means of aspectual connectors, and maps these
specifications onto a reflective component runtime platform.
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1 Introduction

There has recently been significant research [1,3,8] on dynamic reconfiguration in
environments that couple Architecture Description Languages (ADLs) with underly-
ing runtime environments in a systematic and integrated way—so-called “specifica-
tion-to-deployment” environments. Most of this research has proposed annotating
conventional ADL abstractions—components, connectors, etc.—with additional re-
configuration statements. Nevertheless, dynamic reconfiguration is a crosscutting
concern, and as such cannot be effectively modularized at the architecture level using
only conventional ADL abstractions. To enable a better modularized specification of
crosscutting concerns at the architecture level, Aspect-Oriented Software Develop-
ment (AOSD) [4] has received increasing attention from the software architecture
community. In spite of several Aspect-Oriented ADLs (AO-ADLs) being proposed
[3,5], few researchers have considered dynamic reconfiguration as a crosscutting
concern at the architecture level. Moreover, the approaches that do so have in
common the introduction of whole new sets of ADL abstractions—usually derived
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directly from AO implementation techniques—which overburden architects used to
the conventional ADL abstractions.

In this paper, we propose an aspect-oriented specification-to-deployment environ-
ment called AO-Plastik, which builds on our previous work on the Plastik environ-
ment [8] and on the AspectualAcme ADL [5]. The first Plastik release supports
dynamic reconfiguration both at the architecture and runtime levels, which were caus-
ally connected. At the architecture level Plastik used the original Acme ADL [6] ex-
tended with reconfiguration statements such as ‘on-do’ clauses. In AO-Plastik, we
provide a more modular way of specifying such statements by employing Aspectu-
alAcme, a general-purpose ADL that extends the Acme’s metamodel with a special
kind of connector—an aspectual connector (AC)—for representing crosscutting inter-
actions. AC is used in AO-Plastik for encapsulating reconfiguration interactions. At
the runtime level Plastik employed the OpenCOM reflective component runtime [2]
extended with services such as configuration management, style enforcement, and
reconfiguration transactions and notifications. In the AO-Plastik environment, we add
to the configuration management service (CMS) a set of facilities for mapping aspec-
tual connector specifications onto OpenCOM reflective primitives.

2 AO-Plastik

2.1 The Architecture Level

AO-Plastik system specifications must follow an AOPlastikMF style in order to sup-
port the mapping of AO-Plastik architectural elements onto the runtime level. This
style packages one port type (BasePort) and one component type (BaseComponent).
An architectural rule is defined on instances of BaseComponent so that they are re-
quired to have one port of type BasePort.

Reconfiguration statements in AO-Plastik are always defined over ports of type
BasePort. The semantic of this port type is that it exposes the internal structure of its
enclosing component; therefore, any component on which architectural reconfigura-
tions may be effected must be an instance of BaseComponent. This is particularly
useful for representing reconfigurations on composite components. An Acme system
in AO-Plastik is regarded as a special case of outermost composite which implicitly
offers a port basePort (of type BasePort). Reconfiguration is always triggered by
conditions (specified by the on-do clause) occurring within an instance of BaseCom-
ponent (or the system itself). The aspectual connector encapsulates this reconfigura-
tion protocol by associating the conditions with actions specified in a (aspectual)
component to which this connector is attached through its crosscutting role. Such
actions—resembling ‘advices’ in AOSD parlance—are specified in AspectualAcme
through a new clause introduced by AO-Plastik: the ‘action’ clause.

Fig.1 illustrates the use of AOPlastik in the specification of a client-server system.
In this example, the aspectual connector ReconfConn has its base role attached to the
system’s implicit port basePort. The reconfiguration protocol in this connector, as
indicated in its glue clause, is responsible for triggering an action (changeServer) in
component Reconfigurer after the condition happens. As Fig.1 shows, two new func-
tions are also defined in AO-Plastik for handling architectural elements involved in a
reconfiguration protocol. The function BaseElement() is usually applied to the ‘on’
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part of the on-do clause. It receives as its only argument a base role and returns the
architectural element—either an instance of component type BaseComponent or a
system—to which this role is attached. The function AtfachedPort() is usually applied
to the ‘do’ part of the on-do clause. It receives as its only argument a crosscutting role
and returns the port of the aspectual component to which this role is attached. This
port will be typically the place where the action clause will be defined. In Fig.1 the
port returned by AttachedPort() is used for triggering the action changeServer defined
in the changerPort port of the Reconfigurer component.

System ClientServer = mew ClientServerFam, AOPlastikMF extended with {
Component Client = new ClientT;
Component PrimServer = new ServerT extended with {
Property failure: boolean = false; }
Connector Conn = { Role requestor; Role servicer; }
AspectualConnector ReconfConn = {
BaseRole triggerRole;
CrosscuttingRole changerRole;
Glue after = {
On (exists cp: Component in BaseElement (triggerRole) .Components |
exists cn: Connector in BaseElement (triggerRole) .Connectors
attached(cn, cp) and declaresType(cp, “ServerT”) and
cp.failure == true)
Do { AttachedPort (changerRole) .changeServer (cp, cn); }
}
}//end of ReconfConn
Component Reconfigurer = {
Port changerPort = new ProvidedPort extended with {
Action changeServer (cp: Component, cn: Connector) = {
Detach cn.servicer from cp.service;
Remove cp;
Component BackupServer = new ServerT extended with {
Dependencies { Attachments { cn.servicer to BackupServer.service; } } }
}
}
} //end of Reconfigurer
Attachments { Client.request to Conn.requestor;
Conn.servicer to PrimServer.service;
Reconfigurer.changerPort to ReconfConn.changerRole;
ReconfConn.triggerRole to self.basePort; }
} //end of ClientServer

Fig. 1. A dependable client-server description in AO-Plastik

The modularization of reconfiguration statements into aspectual components—and
the separation between aspectual components and aspectual connectors that localize
the reconfiguration protocols—introduce an additional level of architectural flexibility
as they allow the same aspectual component to define reconfiguration statements that
may act over different systems, according to different conditions expressed in differ-
ent aspectual connectors. Thus, AO-Plastik promotes better modularized reconfigura-
tion specifications, and better reuse.

2.2 The Runtime Level

OpenCOM is originally a non-AO component runtime. A suite of AO extensions is
therefore needed to support the mapping from the AspectualAcme abstractions to this
runtime. We propose AO extensions that are compliant to the generic ‘AO middleware
reference architecture’ defined by the AOSD-Europe consortia [7]. In the reference
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architecture, aspects and advices are roles played in a non-AO middleware by compo-
nents and interface operations, respectively. This is directly in line with the AO exten-
sions available in AspectualAcme, which implies that the mapping is therefore trivial.
The reference architecture also defines a new kind of binding, the AO binding, which
supports the composition between aspectual components and regular components, simi-
larly to aspectual connectors and attachments of AspectualAcme. In other words, aspec-
tual connectors and attachments are mapped to AO bindings.

The reference architecture also states that aspects in a non-AO middleware should
be provided by an aspect management functionality built on top of a reflective meta-
model layer. We added this functionality to the configuration management service
(CMS) in the original Plastik environment. In AO-Plastik, this service is also in
charge of parsing action clauses and attachments involving aspectual connectors and
inserting interceptors at the interfaces these attachments comprise. This allows CMS
to receive notifications from these interfaces, which can trigger reconfiguration ac-
tions. Since causality is kept in the mapping, AO-Plastik provides better alignment
between the architecture and runtime levels, thereby promoting on-line traceability.

3 Final Remarks

So far we have successfully trialed key aspects of AO-Plastik design, including the
runtime support and the parsing of AspectualAcme specifications. Some planned
future work includes: (i) handling conflicts or accommodating several reconfiguration
strategies in AO-Plastik systems by means of ‘precedence’ and ‘xor’ relationships [5]
between aspectual connectors and crosscutting ports, and (ii) packaging family-
oriented reconfiguration strategies that can promote an even higher level of reuse.
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