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Abstract
Software-based systems today are increasingly expected
to dynamically self-adapt to accommodate resource variability, changing user needs, and system faults. Recent work
uses closed-loop control based on external models to monitor and adapt system behavior at run time. Taking this externalized approach, the Rainbow framework we have developed uses software architectural models to dynamically
monitor and adapt a running system. A key goal and primary challenge of this framework is to support the reuse
of adaptation strategies and infrastructure across different systems. In this poster, we show that the separation
of a generic adaptation infrastructure from system-speciﬁc
adaptation knowledge makes this reuse possible.

1. Introduction
Software-based systems today increasingly operate in
changing environments with variable user needs, resulting
in a continued rise of administrative overhead for managing
these systems. Thus, systems are increasingly expected to
dynamically self-adapt to accommodate resource variability, changing user needs, and system faults. Recent work
uses a closed-loop control based on external models and
mechanisms to monitor and adapt system behavior at run
time to achieve various goals [2, 5, 4, 6, 8].
We have developed the Rainbow framework that uses externalized control mechanisms based on architectural models to dynamically monitor and adapt a running system, often at a fairly global, module level. In principle, externalized control mechanisms separate the concerns of functionality from the concerns of “exceptional behaviors,” providing several beneﬁts, including analysis, modularity, applicability to legacy systems, and reuse. In previous work ([1]),
we have demonstrated the feasibility of Rainbow in dynamically adapting target systems. One of the promises of
Rainbow is to provide a low-cost approach for adding selfadaptation capabilities to a wide range of systems. Achieving this generality is the primary challenge we address in
this research. We brieﬂy introduce the reusable framework
here but describe the two case study systems in the poster.
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2. The Rainbow Framework
Figure 1 shows the control loop of the Rainbow framework for self-adaptation. Rainbow monitors the run-time
properties of an executing system in the system-layer
through an abstract model maintained by the model manager in the architecture layer. The constraint evaluator checks the model for constraint violations and triggers
the adaptation engine if a problem occurs. The adaptation engine and the executor then perform adaptations on
the running system. The architecture and system layers interact through a translation layer.

2.1. Reusable Units of Rainbow
To fulﬁll Rainbow’s objective, components of the framework need to be reusable across systems. Moreover, the
supporting architectural description language and development toolsets should be reusable as well. We divide the
framework into an adaptation infrastructure and the systemspeciﬁc adaptation knowledge. The adaptation infrastructure provides common functionalities across self-adapting
systems and are therefore reusable while the adaptation
knowledge may be more difﬁcult to reuse.
System-layer infrastructure. At the system layer, we have
deﬁned the necessary system access interface and built an
infrastructure that implements the interface. A system measurement mechanism, realized as probes, observes and measures various states of the system. The system information may be published by or queried from the probes. A
resource discovery mechanism can be queried for new resources based on resource type and other criteria. An effector mechanism carries out the actual system modiﬁcation.
Architecture-layer infrastructure. At the architecture
layer, gauges aggregate information from the probes and
update the appropriate properties in the model. A model
manager manages and provides access to the architectural
model of the system. A constraint evaluator checks the
model periodically and triggers adaptation if a constraint violation occurs. An adaptation engine determines the course
of action and carries out the necessary adaptation.
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Figure 1. The Rainbow framework.
Translation infrastructure. A translation infrastructure
helps to mediate the mapping of information across the abstraction gap from the system to the model and vice versa.
A translation repository within the infrastructure maintains
various mappings shared by the translator components to,
for example, translate an architectural-level element identiﬁer into an IP address or an architectural-level change operator into some system-level operations.

2.2. System-speciﬁc Adaptation Knowledge
To add self-adaptation to a system, the adaptation infrastructure needs to be tailored using the system-speciﬁc
adaptation knowledge, which includes the types and properties of components, behavioral constraints, and strategies
for adaptation. A signiﬁcant amount of the knowledge needs
to be speciﬁed to apply the framework to different systems,
but reuse of this knowledge across systems in similar domains is possible using the notion of an architectural style.
An architectural style characterizes a family of systems
related by shared structural and semantic properties, and
typically provides four sets of things [7]—types, rules,
properties, and analyses. Supporting run-time adaptation
also requires capturing the dynamic attributes of the system,
both in terms of what operations can be done on the system,
as well as how the operations can be applied. Therefore, we
augment the notion with operators (actions that may be performed on elements) and strategies (adaptation prescription
speciﬁed in terms of operators) for adaptation.

3. Case Studies on Reuse
To validate our approach, we use two case study systems
that have different architectural styles but share the same
system concern of performance. The ﬁrst one consists of a

set of Web clients, each of which requests contents from
one of several groups of Web servers, and the primary concern is the response time experienced by the clients. The
second case study is a video conferencing system that accommodates participants with different devices and conferencing applications, and the primary concern is the available bandwidth between participants.
The three layers of the adaptation infrastructure are
reused across the two case studies. Our system-layer infrastructure provides the effector, probing, and resource discovery mechanisms. At the architecture layer, the gauges,
model manager, constraint evaluator, and adaptation engine are reused. The two systems also share the translation repository and translators. On the other hand, the
two case studies are both concerned with maintaining performance, which is manifested in the properties of their
styles. Therefore, the knowledge about the shared properties (e.g., mapping and aggregation knowledge) can be
reused across the two systems. Using code size as an approximate measure of reuse, roughly 98% of the 105
kilo-lines of code in the implementation was reused.
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