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Abstract. Performance predictions based on design documents aim at improv-
ing the quality of software architectures. In component-based architectures, it is
difficult to specify the performance of individual components, because it depends
on the deployment context of a component, which may be unknown to its devel-
opers. The way components are used influences the perceived performance, but
most performance prediction approaches neglect this influence. In this paper, we
present a specification notation based on annotated UML diagrams to explicitly
model the influence of parameters on the performance of a software component.
The UML specifications are transformed into a stochastical model that allows the
prediction of response times as distribution functions. Furthermore, we report on
a case study performed on an online store. The results indicate that more accurate
predictions could be obtained with the newly introduced specification and that
the method was able to support a design decision on the architectural level in our
scenario.

1 Introduction

Performance is an important quality attribute of a software architecture. It can by char-
acterised by metrics such as response time, throughput, and resource utilisation. In
many existing systems, the reason for bad performance is a poorly designed software
architecture [[15]. Performance predictions based on architectural descriptions of a soft-
ware system can be performed before the implementation starts, thereby possibly re-
ducing costs for subsequent refactorings to fix performance problems. It is the hope
that such early analyses support the decision for design alternatives and reduce the risk
of having to redesign the architecture after performance problems have been diagnosed
in the implementation.

Component-based software architectures are well-suited for early performance pre-
dictions, if information needed for performance evaluation has been specified for each
component by its developers. As component developers cannot know in which context
their components will be deployed [8], these performance specifications should be pa-
rameterisable for different hardware resources, required services, and usage contexts to
allow accurate predictions [3].
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In many performance prediction approaches, the component specifications are pa-
rameterisable for different usage contexts only by allowing to specify probabilities for
the possible requests to the component’s provided services (e.g., [4/17]). It is often ne-
glected that component services can be called with different parameters, and that these
parameter can have a significant influence on the performance of the architecture.

The dependencies between parameters of a component service and its performance
have to be made explicit by component developers in the specifications to allow accu-
rate performance predictions. System architects can then adjust performance predictions
to the expected usage profile. In some cases, the dependencies between parameters and
performance might be intricate and hard to specify, for example if a service first per-
forms complex computations on a parameter value an then changes its performance
depending on the results. Furthermore, parameters might be complex objects or even
other components, for which a reasonable specification is difficult. However, in this
paper a first step to integrating parameters into performance specifications of software
components shall be taken. Parameters considered here can be of a primitive or com-
posite data type.

A notation based on extensions to the UML SPT profile [[12] is provided to specify
the dependencies between parameters and performance. This profile allows annotating
UML diagrams with performance-related information. As many existing performance
approaches already use this profile (e.g., [4/11]]), they could also benefit from the ex-
tensions presented in this paper. Tools evaluating annotated UML diagrams could be
changed with low effort to incorporate the extensions. Another advantage of the UML-
based notation is the familiarity of the developers, who often already know the UML
language. However, the concepts underlying the approach presented here are not bound
to the SPT profile and might be carried over to other notations (e.g., future performance
related profiles).

The contribution of this paper is a modelling notation for parameter dependent per-
formance specifications for software components and an according analytical perfor-
mance prediction model. Unlike most performance prediction models, we explicitly
incorporate the influence of parameters on resource demand as well as on the usage of
external services in our predictions. A case study, in which response times for a de-
sign alternative of a component-based software architecture are predicted, is provided
to illustrate the benefits of this approach.

The paper is organised as follows: Section 2 describes the modelling in our perfor-
mance prediction approach and focuses on parameter dependencies. Section 3 shows
the necessary computations, and Section 4 explicitly lists the assumptions underlying
the approach. The case study of a performance prediction for an component-based on-
line store is provided in Section 5. Section 6 points out related work, while Section 7
draws conclusions and sketches future work.

2 Modelling Component Performance

Several models from different developer roles are used for the prediction of the
performance in a component-based architecture in our approach. The architecture it-
self is modelled with a UML component diagram by the system architect. For each



