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Distance-Based Sampling of Software Configuration Spaces
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Abstract: Configurable software systems provide configuration options to adjust and optimize
their functional and non-functional properties. However, to obtain accurate performance predictions,
a representative sample set of configurations is required. Different sampling strategies have been
proposed, which come with different advantages and disadvantages. In our experiments, we found
that most sampling strategies do not achieve a good coverage of the configuration space with respect
to covering relevant performance values. That is, they miss important configurations with distinct
performance behavior. Based on this observation, we devise a new sampling strategy that is based on
a distance metric and a probability distribution to spread the configurations of the sample set across
the configuration space. To demonstrate the merits of distance-based sampling, we compare it to
state-of-the-art sampling strategies on 10 real-world configurable software systems. Our results show
that distance-based sampling leads to more accurate performance models for medium to large sample
sets.

Keywords: Distance-Based Sampling; Configuration Sampling; Configurable Systems; Performance
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1 Summary

Modern software systems can be configured by users to adapt them to specific devices,
operating systems, and requirements. Configuration options often have a significant influence
on non-functional properties, such as performance or energy consumption. Despite the
benefits of configurability, identifying the performance-optimal configuration for a given
setting is often a non-trivial task, due to the sheer size of configuration spaces [Xul5]
and potential interactions among configuration options [KKBO08, Ko18]. To identify the
performance-optimal configuration of a configuration space, one can measure the perfor-
mance of every valid configuration of the software system in a brute-force manner, which
usually does not scale.

To avoid measuring all configurations, machine-learning techniques, such as multiple
linear regression [Sil2, Sil5] and classification and regression trees [Gul3, Nal7, Nal§],
have been used to learn a performance model based on a set of valid configurations,
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called the sample set. A performance model allows us to predict the performance of a
configuration, and it can be used by an optimizer to determine the performance-optimal
configuration [Hel5, Nal8]. To create an accurate performance model, the sample set must
be well-chosen, which is a non-trivial task especially when no domain knowledge is available.
In essence, selecting a small, valid, and representative sample set is key to efficiency and
accuracy of performance prediction, as performance measurements are usually costly in
practice [Gul8].

Several sampling strategies have been proposed, which differ in their methods of selecting
the sample set: (1) at random [GD06, Ch14], (2) by using an off-the-shelf constraint
solver [HelS], or (3) by aiming at a certain coverage criterion (e.g., selecting each
configuration option, at least once) [Le08, JHF12, Mal3]. Naturally, all sampling strategies
come with advantages and disadvantages. The main idea is often to cover the configuration
space such that one obtains a representative sample set, which, ideally includes both
influential configuration options and interactions among options relevant to performance,
so that accurate performance models can be learned.

In general, a uniform coverage of the configuration space is desirable to obtain a representative
sample set when no prior knowledge is available, since it tends to be unbiased when covering
the configuration space. However, it is far from trivial to ensure unbiased uniformity if
there are non-trivial constraints among configuration options. To achieve the goal in a
light-weight way, we propose a new sampling strategy, called distance-based sampling,
that addresses the shortcomings of existing strategies. The key idea behind distance-based
sampling is to produce a sample set that covers the configuration space as uniformly as
possible (or following another given probability distribution). To this end, distance-based
sampling relies on a distance metric and assigns each configuration a distance value. It
further relies on a discrete probability distribution to select configurations according to
their distance values from the configuration space. It differs from other sampling strategies
in that (1) it spreads the selected configurations across the configuration space according to
a given probability distribution and is able to resemble the performance distribution of the
whole population, (2) it does not require an analysis on the whole population, and (3) it
uses a constraint solver for efficiency while avoiding locally-clustered sample sets [Kal9].

Our results demonstrate that distance-based sampling, when used in combination with a
diversity optimization, leads to significantly lower error rates than state-of-the-art strategies,
especially for larger sample sizes (t=2, t=3), and the predictions are more stable than
solver-based sampling with respect to multiple runs using different random seeds. Our
results demonstrate that, based on a distance metric and a probability distribution, we
can effectively sample diverse configurations across the configuration space and without
the need for a whole-population analysis, which makes random sampling unfeasible for
highly configurable software systems. This work provides a new view on sampling based on
probability distributions and paves the way for further research in this area. For instance,
using other metrics or distributions could lead more accurate predictions or improve the
prediction robustness [Kal9].
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