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1 Introduction

Software architectures [Ha18] significantly influence the quality characteristics of the
resulting software systems. Scalability is such a quality characteristic that is in particular
relevant for data stream processing systems [HH20; HH21b; HHM19]. In the context of
analyzing IoT sensor data [HWD21], we study scalable architectures for power consumption
monitoring [He21]. Cloud-native applications constitute a recent trend for designing
large-scale software systems, with a focus on scalability (https://www.cncf.io/).

In this paper, we present the Theodolite benchmarking method, allowing researchers
and practitioners to conduct empirical scalability evaluations of cloud-native applications,
frameworks, and deployment options. Although scalability is often mentioned as a key driver
for adopting cloud-native architectures and microservices [KH19], we found that research
is lacking a commonly accepted method to empirically assess and compare the scalability
of cloud-native applications. In empirical software engineering, benchmarks are used as
a measuring instrument for comparing different technologies or configurations [Ha21].
Thus, we designed the Theodolite method for benchmarking scalability of cloud-native
applications [HH22]. Our benchmarking method consists of scalability metrics [HH21a],
measurement methods, and an architecture for a scalability benchmarking framework,
particularly suited for cloud-native applications. To balance usability and reproducibility,
our benchmarking method provides configuration options, controlling the trade-off between
overall execution time and statistical grounding. We performed an extensive experimental
evaluation of our method’s configuration options for data stream processing applications.
We find that, independent of the cloud platform, it only takes a few repetitions (≤ 5) and
short execution times (≤ 5 minutes) to assess whether SLOs are achieved. Combined with
our findings from evaluating different search strategies, we conclude that our method allows
to benchmark scalability in reasonable time.
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Data Availability A replication package is available at Zenodo (https://doi.org/10.
5281/zenodo.5596982). The source code is available at GitHub (https://github.com/
cau-se/theodolite) and the software documentation at https://www.theodolite.rocks/.
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