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Abstract

Many cloud applications employ a microservice architecture to reap
its various benefits, such as independent scalability and develop-
ment. However, microservices’ distributed nature comes with its
own challenges, which the literature tries to combat with various
approaches in domains, such as autoscaling or service placement.
Researchers, especially performance engineers, need representative
microservice applications as a basis to develop and evaluate their
approaches. While the literature proposes several reference and
benchmark applications, the set of commonly used applications is
rather limited. Further, the representativeness of reference applica-
tions for industry practices has been challenged, raising questions
about the applicability of existing approaches. To investigate possi-
ble alternatives to and inspirations for microservice testbeds, we
conduct an exploratory search of microservice applications and
their workloads by mining GitHub repositories. Our work provides
two datasets containing 553 applications and 8 workload dataset
repositories, respectively. In addition, we provide a first analysis of
the collected data that future work can build upon.
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1 Introduction

In recent years, the microservice architecture has been widely used
to develop and operate applications in the cloud. Large companies,
such as Meta [14], Microsoft [22], or Alibaba [24], have been suc-
cessful in utilizing microservice applications to offer their products
to customers. Similarly, researchers have also taken an interest
in microservice architectures. Although microservices’ distributed
nature offers many advantages to application development and
runtime, their increased complexity inherently creates challenges.

The literature proposes various approaches in domains, such
as autoscaling [10], root cause localization [21], or service place-
ment [2] to combat these challenges. Researchers, especially per-
formance engineers, need representative microservice applications
as a basis to develop and evaluate these approaches. Hence, the
literature commonly uses a set of reference or benchmark applica-
tions (e.g., DeathStarBench [11], TrainTicket [26], or AcmeAir [1]).
However, most benchmarks have been discussed to reflect microser-
vice applications from the industry inaccurately [19]. The set of
commonly used application testbeds is fairly small, leading to a
limited evaluation scope of new approaches.

Existing reference applications are slowly evolving, as researchers
most often do not actively maintain and develop them after their
initial release. For instance, AcmeAir has not been updated for
almost a decade; however, it is still used for evaluation in recent
approaches [6]. Additionally, the applications used in the literature
mirror laboratory-like environments, as they were purposefully
developed for microservice research. In contrast, our experience
shows that many applications in the wild are often more diverse
due to the dynamic nature of software projects. Consequently, ref-
erence applications do not capture new trends and the evolvement
and variety of emerging technologies. This observation challenges
the applicability of existing approaches in real-world scenarios.

We conduct an exploratory search of microservice applications
and their workloads by mining GitHub repositories. We see multi-
ple use cases enabled by our data. First, researchers can investigate
possible alternatives to established microservice testbeds. Second,
the dataset can serve as inspiration for future microservice research.
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We aim to give researchers an overview of publicly available mi-
croservice applications and related workload datasets on GitHub.
The contributions of our work are as follows:

o A dataset of publicly available microservice applications on
GitHub that researchers can use as a starting point for future
research

o An analysis of the applications in the dataset, including their
number of microservices, used programming languages, and
common technology stacks

o A dataset of publicly available cloud and cluster workload
traces on GitHub that researchers can use as a reference for
finding real-world trace data

2 Related Work

Baresi et al. [8] analyze microservice architectures on GitHub based
on Docker configuration files. Their study uses the information
from Dockerfilesand docker-compose files to extract application
sizes, static dependencies, and technology stacks. After a manual
filtering step, their dataset contains 24 repositories.

Amoroso d’Aragona et al. [3] manually analyze 3,804 projects
obtained from the World of Code (WoC) dataset. Their search in-
cludes different types of projects, such as microservice applications,
libraries for building microservices, and tools for monitoring appli-
cations. The final dataset comprises 378 repositories.

Previous works heavily rely on information from Dockerfiles
and docker-compose files. However, our manual analysis showed
that the state of the overall project and, e.g., docker-compose files
often is misaligned. Furthermore, microservice projects not using
docker-compose in their deployment stack are excluded from such
approaches.

Baresi et al. [7] analyze 651 microservice GitHub repositories
regarding their activity (e.g., pull requests, stars, or watchers) and
main programming languages. Their findings show that Java is the
most common language, with Go and JavaScript being second and
third.

Assungio et al. [4] analyze the evolution of eleven microservice
repositories. Their results indicate that the driving factor for the
evolution of microservice applications is technicalities rather than
business logic.

Nasab et al. [16] extract 28 security practices from ten GitHub
open-source microservice applications and 308 Stack Overflow
posts. They validate the practices’ usefulness by surveying 74 mi-
croservice practitioners.

Waseem et al. [23] categorize 1,345 issues from five open-source
GitHub repositories to highlight the types of problems and their trig-
gers that developers encounter during microservice development.
They find that technical dept from legacy versions and dependen-
cies, build problems from invalid configuration and communication,
security problems from poor security management, and service
execution errors from general programming errors are the most
prevalent issues.

While related work focuses on different aspects, such as security,
project evolution, and common issues during development, our
work specifically targets performance engineers. Hence, we search
for repositories with executable applications potentially useful for
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benchmarking. Unlike other approaches, we do not include non-
application projects, such as libraries for building microservice
applications. In addition, our data includes real-world workloads
that performance researchers can use to conduct more realistic
experiments.

3 Methodology and Research Questions

Figure 1 illustrates the three phases of our methodology, namely
search, preprocessing, and analysis. In the first phase, we query the
official GitHub Rest API' with various query terms to find repos-
itories that either contain microservice applications or workload
datasets. For microservice applications, we construct query terms
from different spellings of the keyword microservice in combination
with application and system. For workload datasets, we build query
terms from different combinations and spellings of the keywords
cluster, data, workload, trace, microservice, cloud, serverless, and trac-
ing. The complete list of query terms is included in our replication
package?. We further restrict the results to public, non-archived
repositories that were last pushed to between January 1st, 2020 and
January 15th, 2025. In total, we find 47,655 application and 53,701
workload repositories.

During the preprocessing phase, we aggregate the results for the
application and workload projects, filtering out duplicates, forks,
and template repositories. The GitHub API also reports the primary
programming language of each project. Thus, we filter out applica-
tion repositories for which GitHub cannot detect a programming
language, e.g., repositories only containing Markdown files. Lastly,
we define a minimum popularity threshold based on stars or forks
count as an indicator of active usage [9]. Staring a repository al-
lows GitHub users to keep up to date with projects and is similar
to a like on other social media platforms. In our case, we set the
popularity threshold to a minimum of five stars or forks. With this,
940 application projects and 1, 716 workload repositories remain.

In the next step, we manually filter the remaining repositories
to include only relevant entries in our analysis. While filtering ap-
plication repositories, we exclude projects that do not contain a
microservice application (e.g., libraries or monitoring tools). Simi-
larly, we only retain workload repositories that contain or provide
ready-to-use datasets.

Two experienced researchers independently evaluate reposito-
ries regarding their relevance. If they are unsure about a project,
they mark it for peer review. In the peer review, we discuss and
agree on whether to filter the project. As a result, we came up with
application projects to 553 and workload repositories to 8.

In the last phase, we analyze the final 553 repositories both
manually and automatically. We manually count the number of
microservices and supporting components of every application. In
our understanding, a supporting component is a deployable soft-
ware part of the application that does not contain business logic
specific to the application. The components might not necessarily
be microservices but must be part of the standard deployment of
the application. For example, we consider databases, API gateways,

!GitHub Rest APL: https://docs.github.com/en/rest
2Replication Package: https://github.com/DescartesResearch/microservice-
application-and-workload- dataset
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Figure 1: Overview of our methodology for searching microservice applications

Table 1: The 51 technologies and their respective categories e RQ 2: How many microservices and supporting components
are used per project?
Category Technology e RQ 3: What are popular supporting components?
Gateway nginx, Zuul, Kong, Envoy, Traefik, Ocelot * Eﬁgigg::ge;se j:lfl;l;ifl’;ﬁlsreli (t:(());nelt)}?;f‘:?nts and program-
Data Storage MongoDB, MySQL, PostgreSQL,
SnowflakeDB, OracleDB, MsSQL, 4 Findings

Redis, Cassandra, MariaDB,

ElasticSearch, MinlO, Other Databases
Observability Prometheus, Jaeger, Zipkin,

OpenTelemetry, Logstash, Filebeat,

Hystrix, Kiali, Grafana

Kibana, Akhq, Portainer

This section presents our findings to answer the research questions
from the previous section. Moreover, we describe the workload
repositories in more detail.

4.1 Programming Languages

Message Queue Kafka, RabbitMQ, Nats To address RQ1, we examine the programming languages used
Authentication Keycloak, Vault across all repositories in our dataset. We identify 24 different lan-
Benchmark Tooling  Locust, K6, JMeter guages, with their distribution shown in Figure 2. We select the six
Frontend React, Next]S, Svelte, SvelteKit, Vue]S, most common languages for display and group the remaining 18
Nuxt, Angular]S, Analog]S as Other. The x-axis represents the languages, while the y-axis in-
Communication Dapr, Istio, Consul dicates the number of repositories that use the particular language.
Other Eureka, Zookeeper The most used language is Java, closely followed by JavaScript. Both
languages are used in more than 200 repositories. TypeScript and
C# were found in more than 100 repositories. Over 50 repositories
discovery servers, message queues, observability tools, and dash- include microservices programmed in Python or Go. Notably, 297
boards, such as Grafana and Kibana, as supporting components. repositories use exactly one programming language, while 170 use
During this process, the researchers make note of recurring exactly two languages. Only 31 projects use four or more program-
technologies, such as specific databases, frontend frameworks, or ming languages, with one repository employing the maximum of
message queues. We compile a list of 51 technologies microservice ten languages. JavaScript is often combined with other languages.
applications might use in their technology stack. Using the GitHub The top three combinations of languages are JavaScript and Java (98
Code Search API, we automatically search the application reposito- repositories), JavaScript and TypeScript (82), and JavaScript and
ries for these technologies by searching for the technology name in Python (47).
specific files or paths or matching necessary parts of configuration
files for a particular technology. Our replication package? includes 250
the concrete query terms for each technology. Table 1 lists the set
of technologies that we searched for. We group the technologies 200
into categories that we later use in our analysis. 8
Lastly, we clone every project and use the github-linguist? é 15
tool to detect the used programming languages for each repository s
automatically. We filter out certain languages, such as configuration 9‘5
and template languages. In addition, we only consider languages S 100
with a usage of more than 1% in a particular project. We provide all
processing steps, raw API query responses, and the final datasets 50
in our replication package.? -
Research Questions: We define the following research questions 0 v JavaScript TypeScript c# Python Other

: Language
for our analysis: guag

e RQ 1: What are popular programming languages for mi-
croservice applications? Are there any trends noticeable in
language usage over time?

Figure 2: Language usage distribution

Besides this distribution, we are interested in whether and how
3GitHub Linguist: https://github.com/github-linguist/linguist language usage has changed over time. To this end, we analyze the
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distribution of programming languages in newly created projects
per year from 2015 to 2024, as shown in Figure 3. Note that the
years before 2020 do not necessarily give a representative view due
to our query filters. The x-axis represents the years, while the y-axis
indicates the percentage of repositories created in that year using a
particular language. Note that the sum of percentages may exceed
100%, as repositories may use multiple programming languages at
once. In all years except 2019, 2021, and 2022, Java is the most used
language in newly created projects, with JavaScript ranking second.
Since 2020, C# usage has declined, dropping from the third most
used language to roughly 14% usage in new projects by 2024.

— Java
-~~~ JavaScript
- TypeScript
..... C#

—==- Go

- Python
Other

Perc. of Repositories

2016 2018 2020 2022 2024
Year

Figure 3: Language usage trend by creation year

4.2 Microservices and Supporting Components

As mentioned in Section 3, we consider two types of application
components: microservices and supporting components. Our anal-
ysis reveals that the number of microservices ranges from a single
microservice to a complex system with 14 services. The average
number of microservices per application was 4.04, while the median
was 3. The number of supporting components exhibits a similar
range, from 0 to 21, with a median of 3 and an average of 3.58. When
considering the combined count of microservices and supporting
components within each application, the range increases from 1 to
33, with a median of 7 and an average of 7.62.

The distribution of the components is illustrated in Figure 4,
with the horizontal axis representing the number of components
and the vertical axis reflecting the cumulative distribution function.
Half of the repositories contain three or fewer microservices; 80%
have at most five microservices. Similarly, about 50% of repositories
employ at most three supporting components, and 90% have at
most eight, while the remaining 10% use up to 21. Considering the
total component count, 55% of repositories contain at most seven
components, and 90% have fewer than 14.

4.3 Technologies and Languages

To answer RQ3, we first categorize the 51 supporting components
into nine categories as shown in Table 1 and visualize their distri-
bution in Figure 5, with the x-axis showing the different categories
and the y-axis the percentage of all repositories using at least one
technology of that particular type. The most common category is
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Figure 5: Supporting component categories distribution

Data Storage, used in 82% of the analyzed repositories. Message
Queue usage ranks second, closely followed by Observability and
Gateway. Benchmark Tooling is only supported by fewer than 10%
of repositories.

In the following, we describe the distribution of technologies
from two specific categories as illustrative examples in more detail.
Figure 6 shows the usage of specific databases. The x-axis depicts
the different databases, and the y-axis marks the number of reposi-
tories employing each database. MongoDB is the most widely used,
appearing in 193, followed by Redis in 176 repositories. PostgreSQL
and MySQL rank third and fourth, respectively. These top four
databases appear in at least 100 more repositories than any other
database.

Similarly, we examine the most used gateways, as shown in
Figure 7, where the x-axis represents the different gateways and
the y-axis indicates the number of repositories utilizing each one.
Nginx is by far the most commonly used gateway, appearing in 130
repositories. Zuul ranks second, followed by Ocelot.
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Figure 7: Gateway usage distribution

To identify the usage of containerization technologies, we looked
at Docker, docker-compose, and Kubernetes usage. With 59%, the
usage of Docker is fairly high among the repositories. Just under half
(46%) of projects include docker-compose files. In our data, about
23% of repositories provide Kubernetes manifests for deploying
their applications.

To address RQ4, we examine the associations between program-
ming languages and supporting components, as illustrated in Fig-
ures 8 and 9. In Figure 8, the horizontal axis presents the six most
common languages, with the remaining ones grouped as Other,
while the vertical axis features 19 selected supporting technologies.
Each heatmap cell represents the relative usage of a supporting
component across repositories that use a given language. For in-
stance, 47% of projects using TypeScript also use MongoDB as a
database, and 50% of TypeScript repositories in our data use Angu-
lar]S for their frontend. JavaScript, C#, Go, TypeScript, and Python
projects also commonly use Redis, indicating a broad popularity
across languages. Interestingly, Go projects seem to use a wide
variety of databases with almost equal usage of MongoDB, MySQL,
and PostgreSQL.
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Figure 8: Supporting component usage across languages

In Figure 9, we analyze the inverse relationship. Here, each
heatmap cell represents the relative usage of a language across
repositories that use a particular supporting technology. The figure
shows that most projects that use MsSQL also use C# as a program-
ming language. Further, 87% of Zuul and 79% of Zipkin usage is
in Java repositories. Unsurprisingly, all React, Next]S, Vue]S, or
Angular]S repositories contain JavaScript or TypeScript code.
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Figure 9: Language usage across supporting components

4.4 Workload Dataset

In the following, we briefly describe the datasets in the workload
repositories. The Alibaba Clusterdata repository comprises trace
datasets collected between 2017 and 2023 from the production clus-
ter of the Alibaba Group [13]. The datasets include cluster traces
containing the collocation of services and batch workloads and
GPU traces containing the machine-learning (ML) workloads from
Alibaba’s ML-as-a-service platform. In addition, the data contains
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microservices and microservice architecture traces comprising run-
time metrics, call dependencies, call rates, memory bandwidth con-
tention, and more.

Shanghai AI Lab publishes the Acme Trace repository that en-
compasses job traces of two independent GPU clusters collected
between March 2023 and August 2023 [15]. The dataset is about
80GB and contains more than 880, 000 jobs, of which over 470, 000
are GPU jobs.

The Prism repository includes anonymized communication and
resource usage traces from Huawei Cloud [17]. The communication
data comprises the network packet transmission records of 1019 ser-
vice instances, while the resource usage data contains the resource
usage of eleven metrics of these instances sampled at five-minute
intervals.

The Google Clusterdata repository comprises three types of
datasets [12]. Firstly, it includes cluster workload traces from 2009,
2011, and 2019 of workloads running on Google compute cells. For
instance, the 2019 dataset focuses on the resource requests and
usage of the jobs in the traces. Due to its size (about 2.4TiB com-
pressed), the data is only available via Google BigQuery. Secondly,
the repository provides traces of power utilization information from
Google data centers, which partially align with the 2019 workload
trace dataset. Lastly, Google publishes execution traces of its Ex-
ploratory Testing Architecture framework, which aims to explore
the execution of distributed applications.

Meta publishes the Distributed Traces repository that pro-
vides tracing data of the architecture and workflows from their
microservice architecture [18]. The architecture data includes in-
formation, such as the history of the total number of services and
service instances. Also, the communication and endpoint charac-
teristics per service are recorded. The workflow data contains call
traces, which specify the call depth and number of unique services
in the trace, among other things.

Microsoft Azure publishes multiple virtual machine (VM), Azure
Function, and Azure large language model (LLM) inference trace
datasets in their Azure Public Dataset repository [5]. The VM
trace datasets comprise two representative traces of Azure’s VM
workload collected in 2017 and 2019 and one VM request trace
for investigating packing algorithms. The Azure Function dataset
includes traces of serverless function invocations over two weeks
in 2019 and two months of serverless function blob accesses in
2020. Lastly, the LLM inference traces provide invocations of LLM
inferences, including their input and output tokens collected in
November 2023 and May 2024.

The Systems Infrastructure Research Lab provides trace data
from Huawei Cloud’s public and private serverless cloud plat-
forms [20]. The dataset from Huawei’s private serverless cloud
platform contains information on 200 functions, such as resource
usage and limits and the number of invocations per second. The pub-
lic cloud dataset only includes the invocations per second for over
5000 functions. The newest dataset comprises cold start events and
individual request traces collected from five public cloud regions.

The SNESet repository contains nine million records of quality
of service and quality of experience metrics collected from 798 edge
sites across 30 cities and three internet service providers in one
country [25].
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4.5 Summary

Our analysis revealed several interesting findings. For instance, our
data indicates that C# is widely used for developing microservice
applications, being the fourth most used language among the an-
alyzed repositories. However, C# is largely underrepresented in
microservice testbeds like TrainTicket, AcmeAir, and DeathStar-
Bench. While most microservice benchmarks suffer from limited
application sizes, the applications in our dataset are also fairly small,
with 80% of applications having less than six microservices. During
our manual analysis, we noticed that many applications have been
developed for exemplary purposes, which might explain the low
number of microservices. Overall, our dataset is a starting point
for future research. For instance, future work might extend the
benchmark tooling support for more applications, as the current
support is very low (less than 10%).

5 Threats to Validity

Our work is based on the assumption that GitHub is a representative
source for microservice applications. While it is the largest plat-
form for open-source projects, many applications in our dataset are
developed as examples to showcase certain technologies or aspects
of microservice systems. Thus, our findings might not necessarily
be representative of industry practices.

Furthermore, we cannot validate the accuracy of our methodol-
ogy, as there is no ground truth for our data. While some features,
such as the programming languages used, have rather clear answers,
other aspects, such as manually counting the number of microser-
vices, are not as clear-cut. However, we argue that our peer review
process in uncertain cases mitigates the error-prone nature of man-
ual steps to some extent. Additionally, our findings are not meant
to determine an exact average number of microservices but rather
to derive an approximate range.

Lastly, our keyword-based query terms might not capture every
microservice application project on GitHub. Notably, TrainTicket
as a forked repository is not included in our dataset. Within the
scope of this work, we cannot consider every possible edge case.
We intentionally decided against manually adding known repos-
itories or artificially modifying our search and filter criteria for
handling these edge cases. However, the aim of this work is not
to be complete but to provide a sufficiently large amount of initial
data for researchers to analyze and extend in future work.

6 Conclusion

Our work lays the foundation for increasing the understanding of
the differences between microservice benchmarks and applications,
which are publicly available on GitHub. While our approach specif-
ically aims to help performance engineers find new applications
for benchmark experiments, our data might also be useful for other
researchers. We used the GitHub REST API to collect open-source
microservice and workload dataset repositories and provided our
findings as a publicly available dataset. While we provided a first
analysis of our findings, future work may expand it. In conclusion,
our datasets are a first step toward a source for performance engi-
neers and other researchers that can be used as a starting point for
finding suitable projects to evaluate new approaches. In the future,
we envision other researchers to collectively extend the dataset
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by including novel application and workload traces. This would
further increase the value of the collected data.
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