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Abstract. The presented research abstract describes a framework for
automating the performance management of complex, component-based
systems. The adopted approach is based on the alternate usage of multi-
ple component variants, with equivalent functional characteristics, each
one optimized for a different running environment. A proof-of-concept
prototype has been implemented and tested for managing EJB applica-
tions running on the JBoss J2EE server.

1 Problem and Motivation

Component technologies [1] such as J2EE [2] and .NET are increasingly being
uscd for building complex enterprise applications. While successfully addressing
complex system functionality issues and flexibility requirements, current compo-
nent technologies provide little support for managing the emerging performance
of systems assembled from distinct components. Static component testing and
tuning procedures are typically run in isolation or simulated environments. Al-
though important, such procedures provide insufficient performance guarantees
for components that are to be run in diverse component assemblies, under un-
predictable workloads and on different platforms. Furthermore, the environmen-
tal conditions in which a component is initially deployed and run as part of a
software application can periodically change during the component’s lifetime.
Such environmental conditions include the incoming workload and the software
and hardwarc resources available to the considered component. The hardwarc
resources available to a component include memory, CPU and network band-
width. Software resources can involve other components or applications that the
component uses - directly or indirectly - for providing its functionality; such
resources include relational databases, the middleware platform, or the JVM.
Changes in a component’s running conditions can significantly impact its
performance characteristics, including the component’s throughput and response
times. Often there is no single component implementation or deployment con-
figuration that can yield optimal performance in all possible conditions under
which a component may run. This is because optimising a component for all the
execution environments that will ever occur throughout the component’s lifetime
would be prohibitively expensive, if at all possible. Predicting all possible execu-
tion contexts in which a component will be deployed and run would be an almost



impossible task. Furthermore, even if this was indeed achieved, implementing all
the optimisation solutions - one for each of the predicted running contexts - into
one single component would generally not be a good design approach. Such a
monolithic component would prove difficult to build and manage, as the imple-
mented business logic would be mingled with the management code used for
selecting which optimisation solution to use in each execution environment. Ad-
ditionally, many of the component’s provided solutions would probably not be
needed when the component runs as part of a certain application, on a certain
platform; different optimisation solutions would be needed when the component
runs as part of different applications, on various platforms.

Consequently, because of the increased complexity of current software sys-
tems, the performance management of such systems becomes difficult task, at
best. Manually performing the required adaptation and reconfiguration opera-
tions, while abiding by system performance and availability constraints, is be-
coming an ever more costly and risky approach.

2 Background and Related Work

To the best of our knowledge, there are no complete solutions that employ mon-
itoring, cvaluation and adaptation for applications based on contextual compo-
sition frameworks [1], at the software component level. General frameworks for
self-adaptive systems are presented in [3], or [4], featuring inter-related moni-
toring, analysis and adaptation tiers. Our proposed solution aligns with these
approaches, while specifically targeting enterprise applications based on contex-
tual composition middlewarce [1].

Adaptation techniques based on redundant components, such as presented
in [5], are similar, and to some extent complementary, to the application adap-
tation approach proposed by our research. However, most of these techinques
impose various requirements on component providers, such as supplying accu-
rate performance information for each redundant component, at deployment
time, or implementing replacement mechanisms for each separate pair of re-
dundant components to be managed. Such requirements may, in our oppinion,
dramatically increase the cost of implementing such adaptation techniques, or
even constrain their applicability. The adaptation decision algorithms defined in
[5] can be adopted for our framework when managing the application types for
which these algorithms were devised.

Efforts towards standardizing and implementing hot-deployment function-
alities in J2EE applications are being made in research initiatives such as [6]
and [7]. The presented rescarch will comply with such specified standards and
possibly adopt available hot-deployment implementations for the solution imple-
mentation.



3 Research Hypothesis

The performance management process of complex software systems is becom-
ing increasingly more costly and error prone [8]. Automating the performance
management tasks for such systems becomes an imperative undertaking for suc-
cessfully overcoming such difficulties. Software systems should consequently be
equipped with self-management capabilities, so as to be able to sell-optimise
in their initial running environment and subsequently adapt to changes in their
execution conditions. More precisely, applications should be capable to automat-
ically change their implementation and configuration at runtime, so as to adapt
to their running environments and yield optimal performance at all times.

4 Proposed Solution

The presented research describes a solution for automating the performance
management of component-based software applications. The adopted approach
is based on provisioning multiple component variants with equivalent functional
characteristics, cach one optimized for a different running environment. These
components are referred to as redundant components. As part of the proposed
solution, an automatic management framework was devised for dynamically
analysing, selecting and activating the redundant components that yield optimal
performance in each particular execution environment.

The principal management functionalities provided by the proposed manage-
ment framework are system monitoring, performance anomaly detection, com-
ponent evaluation, adaptation decision and component activation [9], [10], [11],
[12]. These functionalities work in a feedback-loop manner: the effects of an ap-
plication adaptation operation are monitored and evaluated and the adaptation
decision mechanism accordingly tuned. Thus, he management system can learn
and improve its efficiency over time. The framework’s main functionalities are
briefly discussed over the following paragraphs.

The monitoring functionality is responsible for collecting runtime data from
the application components and their execution environment. This data is used
for detecting performance anomalics and important variations in the compo-
nents’ execution environments. Monitoring data is also stored and analysed for
inferring higher-level information on the performance characteristics of the avail-
able redundant components.

The anomaly detection functionality of the framework is responsible for iden-
tifying and signalling the occurrence of performance problems, or of relevant
variations in the execution environment. Performance anomalics are generally
signalled when performance metrics such as response times and throughputs do
not meet the system’s performance requirements. In addition, the anomaly de-
tection facility identifies and analyses any significant variations that may occur
in the execution environment; it then predicts how these variations could poten-
tially affect the system’s performance in the immediate future. As a result, the
farmework may preemptively adapt the application in order to prevent predicted
performance problems from actually occuring.



The component evaluation functionality of the framework is responsible for
determining the redundant components that are optimal in a given execution
environment. The component evaluation process is based on the performance
information that exists on the available redundant components, at the time
the process is being exccuted. Initial performance information can be provided
based on test results and previous experiences with the considered component
[9], [10], [11], [12]. However, such initial information is not compulsory to be pro-
vided at component deployment time. The framework can obtain per{romance
information when using its learning abilities. As part of the frameworks learn-
ing process, performance information is inferred from accurate monitoring data
obtained while components are running in the targeted managed system. Any
available information is subsequently validated and constantly updated, as new
monitoring data becomes available.

The adaptation decision functionality of the framework is responsible for
finding optimal solutions to dctected or predicted performance problems. So-
lutions consist of application adaptations that involve the hot-swapping of one
or multiple redundant components. The redunant components to be activated
are being indicated by the component evaluation facility. In addition to this,
the adaptation decision process needs to further judge whether the pottential
benefits of the considered optimisations would overcome the costs induced by
the actual adaptation process. It also nceds to ensure that local component op-
timisations would positively affect the global performance levels of the overall
system.

The component activation functionality of the framework is responsible for
performing the actual component hot-swapping operations, while maintaining
system consistency and the validity of existing user references [9], [10], [11], [12].

The remaining of this section emphasises some of the key features that char-
acterise the proposed management solution:

— Separation of application business logic from management code, increasing
system flexibility and manageability

— No extra-requirements imposed on component developers or providers; any
standard component can be managed by the proposed framework. Compo-
nent variants can be acquired from multiple providers and can be dynami-
cally added, updated and/or deleted.

— Support for both centralised and decentralised management approaches.
Centralised evaluation and decision mechanisms perform global application
adaptation operations for the overall optimisation of the entire application.
Local, component-level management operations are also supported for per-
forming more [requent optimisations at reduced costs.

— Decision policies defined for automating various management tasks, at dif-
ferent abstraction levels: specifying system performance goals, adapting and
optimising the managed application, inferring component performance in-
formation from monitoring data and controlling the correct functionality of
the management system itself [10].

— No extra framework implementation or installation efforts required for man-
aging new applications. The framework is implemented once and then used



for managing all applications subsequently deployed and run on a certain
application server

— With respect to the system’s functionality, clients remain completely un-

aware of runtime system management operations.

A prool-ol-concept framework prototype was implemented for managing EJB

applications running one the JBoss J2EE server [13]. The potential benefits of the
presented solution were verified by testing the principal framework functionalities
on several sample applications, such as the Duke’s Bank [14]. Future work will
focus on extending the policy-based evaluation and decision functionalities and
test the overall framework under further example scenarios.
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