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ABSTRACT

DevOps is a combination of methodologies and tools that improves
the software development, build, deployment, and monitoring pro-
cesses by shortening its lifecycle and improving software quality.
Part of this process is CI/CD, which embodies mostly the first
parts, right up to the deployment. Despite the many benefits of
DevOps and CI/CD, it still presents many challenges promoted
by the tremendous proliferation of different tools, languages, and
syntaxes, which makes the field quite challenging to learn and keep
up to date.

Software repositories contain data regarding various software
practices, tools, and uses. This data can help gather multiple insights
that inform technical and academic decision-making. GitHub is
currently the most popular software hosting platform and provides
a search API that lets users query its repositories.

Our goal with this paper is to gain insights into the technologies
developers use for CI/CD by analyzing GitHub repositories. Using
a list of the state-of-the-art CI/CD technologies, we use the GitHub
search API to find repositories using each of these technologies.
We also use the API to extract various insights regarding those
repositories. We then organize and analyze the data collected.

From our analysis, we provide an overview of the use of CI/CD
technologies in our days, but also what happened in the last 12
years. We also show developers use several technologies simultane-
ously in the same project and that the change between technologies
is quite common. From these insights, we find several research
paths, from how to support the use of multiple technologies, both
in terms of techniques, but also in terms of human-computer in-
teraction, to aiding developers in evolving their CI/CD pipelines,
again considering the various dimensions of the problem.
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1 INTRODUCTION

In 2022 the Information Technology (IT) market accounted for
$9,325.69 billion dollars worldwide [12]. Half of IT costs are related
to the maintenance and upkeep of existing systems, and of those,
50% correspond to emergencies, unplanned work, and changes [20].
This cost happens partially because the IT and development team’s
goals often conflict in most organizations. Instead of working for a
common goal, most organizations’ development teams are respon-
sible for reacting to and answering rapid changes in markets and
customer needs. In contrast, IT teams provide customers with a
secure, reliable, and stable experience. This dynamic leads to tech-
nical debt, meaning decisions made over time lead to increasingly
more complex problems and slower operations and thus impede
the achievement of the organization’s goals [20].

In recent years, DevOps, that is, the integration of development
and IT teams seamlessly, has emerged to enable organizations to
respond to market demands with unparalleled agility hoping to
address the aforementioned problems. In particular, methodologies
and technologies for Continuous Integration, Continuous Delivery,
and Continuous Deployment, or simply CI/CD, have emerged as a
means for organizations to achieve rapid and frequent delivery of
changes. A CI/CD pipeline encompasses a series of essential steps
involved in integrating and deploying codebase changes [20]. This
process involves the regular integration of new code changes, which
undergo automated building and testing procedures. Subsequently,
the validated code is deployed into production through the CD
process [20].

Organization have the option to employ various technologies
like GitHub Actions!, GitLab CI/CD?, Travis CI3, CircleCI* or Jenk-
ins®. The wide range of existing technologies makes it harder for
researchers and developers to study and improve the CI/CD process.
Indeed, there is no view of the usage of CI/CD technologies in a
global sense, e.g., most used technologies, their evolution over time,
which kinds of projects most rely on CI/CD, and so on.

GitHub is a widely used version control and software hosting
service. As of 2023, more than 100 million developers used GitHub,
and the platform hosted over 284 million public repositories [22].
GitHub also provides an API to collect information from its soft-
ware repositories. With this API, we can search repositories inside
GitHub using parameters such as keywords in their name and
README, size, number of stars, followers, and forks®. The insights
collected using the API help understand various developer behav-
iors and have been used in several studies [11, 15-17, 24]. Indeed,
in this work, we build on GitHub to gain insights into how devel-
opers use several CI/CD technologies. The information collected
can guide future research on possible improvements to the DevOps

Lhttps://github.com/features/actions
Zhttps://docs.gitlab.com/ee/ci/
Shttps://www.travis-ci.com/
*https://www.jetbrains.com/teamcity
Shttps://www.jenkins.io/
®https://docs.github.com/en/rest/search
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process and in particular for CI/CD. With this work, we thus aim
to answer the following research questions:

RQ1 What characterizes the current landscape of CI/CD?
In addressing Research Question 1 (RQ1), our objective is
to gain a comprehensive understanding of the prevailing
utilization of diverse CI/CD technologies. Our aim is to iden-
tify patterns that can serve as catalysts for future (research)
endeavors, both within industrial and academic contexts.
From our sample of repositories, containing 612557 indi-
viduals, we know that about 32.7% include some CI/CD
technology. In Section 4 we explore the most used technolo-
gies and their relationship with programming languages.
Indeed, projects in some languages do not rely often on
CI/CD which deserves further investigation and possibly
better solutions for those developers.

RQ2 Can a single CI/CD technology adequately meet the
needs of a specific project?
With RQ2, our goal is to understand to which extent the
technologies can serve the projects’ needs.
Indeed, we have discovered that 30271 projects use at least
two technologies and that some (few cases) use up to 13
different technologies at the same time. This motivates
further investigation on the interoperability of the different
technologies and the support developers have to work with
multiple CI/CD technologies at the same time.

RQ3 What is the evolution of CI/CD usage over time?
With this research question, our goal is to find how projects
change over time regarding the CI/CD technologies used.
Our goal is also to get an overview of changes in pipelines
over time.
Over the years, there have been two major technologies
used. Moreover, it is clear that developers often change
technologies. Since currently there is little support for these
evolutions, this paves a very interesting path for future
research.

We organize the rest of the document as follows: Section 2
presents several works related to our own. Those works focus
on mining information about several DevOps aspects in various
software repositories. In Section 3, we present the methodology
used for this work. This methodology includes how we found the
CI/CD technologies for this study, what information we have col-
lected from the repositories and how it is related to our research
questions, how we used the GitHub API to collect information from
the repositories, and how we organized the data collected from the
said repositories. In Sections 4, 5, and 6, we showcase and analyze
the data for each research question. In Section 7 we answer our
RQs and provide several future research paths based of this work.
Section 8 discusses the threats to the validity of our work. Finally,
Section 9 presents our conclusions and future work.

2 RELATED WORK

In this section, we introduce our related work. This paper’s related
work focuses on several articles that mine software repositories to
understand and improve aspects of software development. Similarly
to these works, we mine repositories related to the CI/CD.

Anon.

M. Golzadeh et al. undertook a longitudinal empirical study span-
ning nine years, aiming to gain deeper insights into the rapidly
evolving CI landscape. Their analysis delved into the development
history of 91,810 GitHub repositories hosting active npm pack-
ages employing at least one CI service. The authors scrutinized
the frequency of various CI/CD tools, their combinations, and the
occurrence of tool transitions.

Our research shares a similar objective, albeit expanding beyond
the scope of the referenced paper. We conducted an analysis us-
ing a larger dataset comprising 612,557 repositories sourced from
diverse origins, encompassing a wider array of project types and
programming languages. Moreover, our study was conducted more
recently.

While some of our findings align with the conclusions drawn by
the authors, such as the prevalence and growth of GitHub Actions,
as well as the occurrence of multiple CI/CD tool usage, we also
observed disparities. Notably, we found that the number of reposi-
tories utilizing GitHub Actions was nearly double those employing
Travis CI. Additionally, we identified a significant decline in Travis
CI usage from 2019 onward.

In contrast to the authors’ approach of providing insights into
total migrations between different technologies, we focused specif-
ically on the case of Travis CI due to its substantial usage and
provided insights into its decline since 2019. Our analysis revealed
that 53.7% of repositories using Travis CI in 2019 had migrated to
GitHub Actions by 2023. Furthermore, we presented the percentage
of technological changes per year.

Additionally, we explored the usage of CI/CD tools across differ-
ent programming languages, offering insights such as the number
of repositories employing CI/CD per language, the distribution of
tools used per language, and CI/CD utilization per language..

Xu et al. [31] introduce the idea of mining container image repos-
itories for configuration and other deployment information of soft-
ware systems. The authors also showcase the opportunities based
on concrete software engineering tasks that can benefit from min-
ing image repositories. They also summarize the challenges of
analyzing image repositories and the approaches that can address
these challenges. These authors focus their work on technologies
for deployment, while with our work we give a broader overview
of the usage of CI/CD technologies.

Wu et al. [30] present a preliminary study on 857,086 Docker
builds from 3,828 open-source projects hosted on GitHub. Using the
Docker build data, the authors measure the frequency of broken
builds and report their fix times. They also explore the evolution
of Docker build failures across time. This work is focused on a
particular technology, whilst ours covers many.

Zahedi et al. [32] present an empirical study exploring con-
tinuous software engineering from the practitioners’ perspective
by mining discussions from Q&A websites. The authors analyzed
12,989 questions and answers posted on Stack Overflow. The au-
thors then used topic modeling to derive the dominant topics in this
domain. They then identify and discuss key challenges. Although
the studied topic is related to CI/CD, we analyzed concrete software
projects.

Mazrae et al. [27] present a qualitative study of CI/CD technolo-
gies usage, co-usage, and migration based on in-depth interviews.
They identify reasons for the use of specific technologies, reasons
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for co-usage of CI/CD technologies in the same project, and mi-
grations executed by the interviewees. Their study reveals a clear
trend in migration from Travis to GitHub Actions. We have used
a very different source of data, but some of the conclusions of our
study are in line with Mazrae et al.

Liu et al. [24] mine 84,475 open-source Android applications from
GitHub, Bitbucket, and GitLab to search for CI/CD adoption. They
find only around 10% applications leverage CI/CD technologies, a
small number of applications (291) adopt multiple CI/CD technolo-
gies, nearly half of the applications that adopt CI/CD technologies
do not really use them, and CI/CD technologies are useful to im-
prove project popularity. Their approach is similar to ours however,
our analysis is done with a greater sample of 612557 repositories
and we don’t limit ourselves to Android applications.

Calefato et al. [11] study MLOps (that is, DevOps but focused
on machine learning projects) practices in GitHub repositories,
focusing on GitHub Actions and CML. Their preliminary results
suggest that the adoption of MLOps workflows is rather limited.
On the other hand, we have found that, indeed, many projects rely
on CI/CD pipelines.

Kumar et al. [21] assess the maturity of DevOps practices in
the software industry. To this end, they analyze the HELENA2
dataset (an international survey aiming to collect data regarding
the common use of software and systems in practice). They rank
organizations by DevOps maturity. The authors conducted a user
survey while we analyzed software repositories.

G. Destro et al [14]. developed Garimpeiro, a web application
designed to assess the implementation of CI/CD practices in open-
source repositories hosted on GitHub. Utilizing their tool, the au-
thors conducted a comparative analysis by extracting data from two
repositories, and examining the toolchains across various stages of
the deployment pipeline.

In contrast, our approach diverges from the authors’ as our
objective is not solely to assist users in analyzing various software
repositories based on their CI/CD utilization. Instead, we aim to
offer insights into the contemporary landscape of CI/CD adoption
across open-source software repositories.

J. Bernardo et al. [9] conducted an analysis of 162,653 pull re-
quests originating from 87 GitHub projects, spanning across 5 dis-
tinct programming languages. Their empirical study aimed to ex-
plore the influence of CI adoption on the time required to merge
pull requests. Interestingly, the findings revealed that only 51.3%
of the projects exhibited faster merging times after implement-
ing CI. Additionally, the authors highlighted a significant surge
in pull request submissions following the adoption of CI, which
they identified as a primary factor contributing to improved project
outcomes.

In contrast to evaluating the advantages of CI/CD across software
projects, our focus lies in comprehending the present status of
CI/CD. Our objective is to provide insights that can aid developers
and researchers in making informed decisions for the future.

M. Manglaviti et al [25]. examined 1,279 Travis CI GitHub repos-
itories, focusing on the human resources involved in CI system
development and maintenance. Their analysis revealed that the CI
development team constitutes a minority within the overall devel-
oper team for each project. They noted a decrease in the proportion
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of CI developers as the number of total contributors increased. Ad-
ditionally, the authors concluded that while there are development
costs associated with CI adoption, the reported benefits outweigh
these expenses.

In contrast to this study, our objective is not to assess the cost-
effectiveness of CI/CD. Instead, our aim is to gain insights into the
current landscape of CI/CD.

M. Rahman et al [26]. conducted an exploratory study utilizing
578K automated build entries to examine the influence of automated
builds on code reviews. Their findings indicated that projects with
frequent builds tend to maintain a consistent level of reviewing
activities over time, contrasting with those with infrequent builds.

In contrast to Rahman et al’s focus on the benefits of CI/CD, our
work centers on providing an overview of its current status.

F. Zampetti et al [33]. developed 34 CI/CD pipelines by manu-
ally analyzing 615 pipeline configuration change commits. These
taxonomies categorize actions that either enhance extra-functional
properties or modify the behavior of the pipeline. Subsequently, the
authors analyzed 4,644 Travis CI projects. Their analysis revealed
that certain pipeline components, such as jobs and steps, undergo
more frequent changes than others, and highlighted an increasing
adoption of Docker over time.

In contrast to focusing on the evolution of pipeline changes over
time, our objective is to examine the present utilization of CI/CD
tools and their historical development.

Hilton et al. [18] studied CI by mining 34,544 OSS projects on
GitHub and surveying 442 developers. They found many OSS teams
that don’t use CL Of the ones that use CI, 90% used Travis. They
find popular projects are more likely to use CI and that the median
time for CI adoption is one year. Hilton et al’s study was published
in 2016, so its results are not representative of the current state of
CI/CD.

Beller et al. [8], through an analysis of GitHub, found that Travis
had seen a sharp increase in usage up to 2017, being used by one-
third of popular projects. Just as Hilton et al’s, Beller et als study
is not representative of the current state of CI/CD.

Decan et al. [13] study GHA use in nearly 70,000 GitHub reposi-
tories. They find 43.9% of repositories use GHA workflows. They
also characterize these repositories according to which jobs, steps,
and reusable Actions are used and how.

Vasilescu et al. [29] studied 1,884 GitHub projects in 2014. They
found Travis usage in 918 repositories (48.7%).

Lamba et al. [23] study the spread of CI/CD in Node Package Man-
ager (NPM) package repositories. Their analysis is done through
repository badges, a recent innovation on code hosting platforms.
They search for 12 CI/CD technologies in 168,510 NPM package
repositories hosted on GitHub. Their study focuses on how CI/CD
technologies gain market share.

JetBrains [] provides results from yearly surveys of developers
about the developer ecosystem from 2017 to 2023. Their results
show Jenkins as the most popular CI/CD technology until 2022
when GHA takes over. They also reveal the increasing relevance of
CI/CD.

The Continuous Delivery Foundation, a project of the Linux
Foundation, [2] provides a report on the state of CD. They find that
84% of developers participated in DevOps-related activities as of Q1
2023 and that the average number of DevOps-related technologies
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used by developers concurrently remained stable from 2019 to 2023
at 4.5.

Stack Overflow’s annual developer surveys [1] show an increase
in CI/CD and DevOps usage year-over-year.

3 DATA COLLECTION

This section details the process we followed to collect the data for
our analysis. Fig. 1 presents an overall view that we detail in the
following paragraphs.

[ Collect the sample of repositories from the

GitHub REST API and store them in the Collected
database 612557
\ ) repositories

y

[ Retrieve the repositories from the database )
and use the GitHub REST API to get the
contents of the repository

Analyzed
612557
repositories

\ J
y Found
Detect the tools used in the repositories 200023
and store the information in the database cl/cD
repositories
\ 4
[ Retrieve the repositories older than 90 days‘ Retrieved
where CI/CD tools where detected and using snapshots
the GltHub REST API retrieve snapshots for
\ from previous years y 197410
repositories
Y Analysed
Analyse the snapshots and store the nayyse
o L 2560540
information in the database
snapshots

Figure 1: Data collection process.

3.1 Repository Sampling

The initial data collection phase involved assembling a representa-
tive sample of GitHub repositories, reflective of real-world projects.
To achieve this, we excluded school projects and smaller reposito-
ries, employing a methodology inspired by prior research projects.
That is, we focused on repositories attaining a certain level of pop-
ularity, ultimately choosing to collect only those with more than
ten stars, accounting for a mere 5% of all GitHub repositories.

The sampling process encompassed repositories from the be-
ginning of 2012 to October 18, 2023. This timeframe was selected
because the concept of DevOps gained prominence around that
period. This assertion is supported by the emergence of the first
comprehensive survey on the state of DevOps by Puppet Labs in
the same year [10].

Leveraging the GitHub REST API, we devised a methodology
to identify the top one thousand repositories with the highest star
count each week. That is, we queried GitHub and got one thou-
sand repositories every week in the time range. From these, we
excluded the ones with fewer than ten stars. This approach yielded
a comprehensive dataset, totaling 612,557 repositories, spanning
the specified date range. The entire dataset of repositories is pro-
vided for reference [6]. The code used to create this dataset is also
available [3].

Anon.

3.2 CI/CD Technologies

Following the collection phase, our objective was to discern the
technologies employed in each repository. We used a dataset of
61 CI/CD technologies curated by the Cloud Native Computing
Foundation [28], established by the Linux Foundation in 2015. We
identified pertinent artifacts and patterns for each technology in
the dataset, enabling us to automatically recognize repositories
utilizing those technologies. This process involved analyzing file
trees accessed through the GitHub REST API and scrutinizing file
contents with extensions compatible with the respective technolo-
gies. Each technology was identified using one of two heuristics:
i) some technologies use files with a particular extension; ii) for
the others, we inspected specific types of files (e.g., YAML files)
searching for content specific to the underlying technology. From
this process, we divided the initial 61 technologies into different
categories: i) 39 technologies that we could identify (Table 1); ii)
10 which we could not identify since there was not a clear artifact
that we could use (Table 2); iii) 4 technologies that required the use
of specific code to be identified as they are libraries embedded in
the code (Table 3); and iv) 1 deprecated technology with no current
documentation that made it impossible to recognize (Table 4).

Table 1: CI/CD technologies we can identify and analyze.

Agola AppVeyor

ArgoCD Bytebase
Cartographer CircleCI

Cloud 66 Skycap Cloudbees Codeship
Devtron Flipt

GitLab Google Cloud Build
Helmwave Travis

Jenkins JenkinsX

Keptn Liquibase

Mergify OctopusDeploy
OpenKruise OpsMx

Ortelius Screwdriver
Semaphore TeamCity

werf Woodpecker CI
GitHubActions Codefresh

XL Deploy Drone

Flagger Harness.io

Flux GoCD

Concourse Kubernetes

AWS CodePipeline

Table 2: CI/CD technologies that we cannot identify due to
the lack of clearly identifiable artifacts.

Akuity Bamboo
Buildkite Bunnyshell
CAEPE Keploy
Northflank | OpenGitOps
Ozone Spacelift
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Table 3: Libraries introducing unnecessary complexity.

Brigade ké6
Unleash

OpenFeature

Table 4: Deprecated technologies lacking documentation.

D2iQ Dispatch

3.3 The Repositories with CI/CD Technology

Our analysis focused on the sample acquired earlier, specifically
the contents of the latest commit to the main branch of each repos-
itory. To ensure reproducibility, we recorded the SHA of the file
tree (available in the database of our dataset). A total of 200,023
repositories were identified as utilizing one or more of the CI/CD
technologies identified in the previous section. The comprehensive
dataset containing the repositories and the corresponding technolo-
gies is also made available for further examination [5]. We use this
dataset to analyze the state of CI/CD according to the most recent
snapshots. The code used to create this dataset and the figures to
support our answers to the research questions are also available [3].

To examine the past state of CI/CD, we retrieved snapshots
of repositories over time and ran the same CI/CD technologies
analysis on each snapshot. The comprehensive dataset containing
the repositories and the corresponding snapshots and technologies
is also made available for further examination [7]. The code used
to create this dataset and the figures to support our answers to the
research question are also available [4].

We ran a test on the 197410 repositories to choose the time
interval for the analysis. Snapshots were retrieved at 90-day, 180-
day, and 365-day intervals for each repository. For each snapshot,
we then ran CI/CD technologies analysis. Our goal was to determine
the number of changes in the CI/CD tech stack we would lose by
increasing the retrieval interval, a change being any difference in
the CI/CD stack compared to the previous snapshot. For the sample,
we found 274606 stack changes at a 90-day sampling interval, 233115
changes at a 180-day sampling interval, and 195292 changes at a 365-
day sampling interval. From a 90-day to a 180-day rate, there was a
15.1% decrease in the detected changes, and from a 180-day to a 365-
day rate, there was a 16.2% decrease in detected changes. A lower
sampling interval, or retrieving all commits for each repository,
was not feasible due to GitHub API rate limits and the time for the
study. Based on these results, we determined to run our analysis at
a 90-day sampling rate.

A subset of the previously selected repositories was analyzed.
The inclusion criteria were repositories where CI/CD technolo-
gies were detected in the latest commit and created before July 16,
2023 (so they were at least 90 days old). This resulted in a subset
containing 197504 repositories.

For each selected repository, the first commit was retrieved. A
sequential iterative process was employed, where the latest com-
mit (if one existed) was retrieved for each 90-day interval starting
from either January 1, 2012 or the repository’s first commit date,
whichever was later. This process continued until the date of the
repository’s last update at the time of retrieval. All commits were
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retrieved from the default branch of the repository. The git trees of
the snapshot commits were then examined for CI/CD technology
presence using the previously described methodology.

After all repositories were processed, we cleaned the retrieved
data. Any snapshots from before January 1, 2012, were discarded,
and the last snapshot of each repository was set to the one used in
the previous analysis. For some snapshots, the GitHub API could not
return a git tree. We attempted to process these snapshots again to
eliminate any momentary API malfunction. The original detection
method for GitHub Actions could lead to false detection when
other technologies were present in the snapshot, so we reprocessed
all snapshots that had more than one technology detected and
GitHub Actions present. Lastly, we checked each snapshot’s date
and detected technologies against the detected technologies’ launch
dates and removed snapshots where a technology was detected
before it was launched. If, at the end of these cleaning steps, a
repository was left without snapshots, it was discarded.

From an initial 197504 repositories selected for temporal analysis,
we retrieved the CI/CD technology use history of 197410. For the 94
repositories whose CI/CD technology history could not be retrieved,
the reasons are as follows: the 19 repositories could not be processed
in the initial snapshot retrieval because they had either been deleted
or gone private, in the data cleaning step, another 39 repositories
could not be processed because they had either been deleted or
gone private, and 36 were discarded because they had no snapshots
at the end of the cleaning steps.

4 RQ1: WHAT CHARACTERIZES THE
CURRENT LANDSCAPE OF CI/CD?

By answering this RQ we intend to provide a clear and accurate
overview of the current usage of CI/CD technologies in the open-
source realm.

CI/CD usage

We collected 612,557 created between 2012 and 2023, that is, be-
tween the beginning of the establishment of DevOps and now. From
these, 200,023, 32.7%, contain at least one CI/CD technology. This
means about one third of the repositories in the last twelve years
have, or had, some CI/CD support.

In Fig. 2, we depict the distribution of technologies within CI/CD
projects, exclusively focusing on technologies whose usage exceeds
1% of the total repositories containing CI/CD technologies. In the
online appendix of this paper’, we present a chart with all the tech-
nologies. In fact, we present several other charts in this appendix.
The figure indicates that GitHub Actions significantly dominates
the landscape, being present in more than half (57.8%) of the repos-
itories, with Travis trailing as the second most utilized technology
(38.8%). In comparison, the majority of other technologies exhibit
significantly lower usage rates in contrast to these leading two.
Notably, among the 39 technologies analyzed, only ten surpass the
1% usage threshold across CI/CD repositories.

The predominance of GitHub Actions seems to indicate that
repository platforms have quite some influence, at least in the

https://sites.google.com/view/msr2024
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Figure 2: Distribution of technologies across CI/CD reposito-
ries (in a logarithmic scale).

projects they hold. Thus, a possible conclusion is that, when con-
sidering the usage of CI/CD technology, developers also consider
where the code will be managed.

CI/CD and programming languages

Fig. 3 illustrates the number of repositories of each programming
language with a usage rate exceeding 1% in repositories employing
at least one CI/CD technology. We use the GitHub API to get the
main programming language of each repository (which does not
mean the project does not use other languages). Notably, based
on this depiction, JavaScript and Python emerge as the most ex-
tensively utilized languages. In absolute terms, these languages
are the ones where more projects include CI/CD technologies. A
comparison of the languages highlighted in the IEEE Spectrum’s
top programming languages of 2023 [19] reveals noteworthy dis-
parities. While SQL and R claim top positions in IEEE Spectrum’s
ranking, they are absent from our list. This discrepancy may be
attributed to SQL often being embedded within other programming
languages and R being predominantly utilized by less technically
inclined users, with less emphasis on system development. Addi-
tionally, Jupyter Notebooks appear on our list, albeit not reaching
that popularity compared to IEEE Spectrum’s rankings.

The fact that projects using languages such as R, a language so
popular among users without a computer science (CS) background
(e.g., researchers, mathematicians), do not usually include CI/CD
technologies, seems to indicate CI/CD is of difficult adoption by
users without a technical (CS) background.

Fig. 4 displays the prevalence of languages in CI/CD reposito-
ries, highlighting the percentage of sample repositories utilizing
each language with and without CI/CD technologies. The figure
indicates that languages like Go, Rust, and TypeScript exhibit the
highest prevalence of CI/CD use within their repositories. Notably,
despite Python and JavaScript having a substantial presence in
CI/CD repositories, as illustrated in Fig. 3, they show a lower over-
all percentage of repositories utilizing CI/CD technologies.

This data seems to indicate more recent languages (e.g., Go,
Kotlin, Rust, TypeScript) tend to include CI/CD in their projects, in
some cases having more than 60% of all projects some technology.

Anon.

count

Jupyter Notebook

language

Figure 3: Programming languages in repositories containing
CI/CD (logarithmic scale).
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Figure 4: Percentage of CI/CD usage per language.

On the other hand, more classic languages (e.g., C, C#, HTML, Shell)
seem to have less support from CI/CD technologies. From this, a
possible conclusion is that CI/CD technologies find a better fit in
modern languages and not so much in pre-existing ones.

Fig. 5 reveals that GitHub Actions and Travis stand out as the
predominant technologies utilized across various programming lan-
guages. Notably, Travis demonstrates higher popularity in JavaScript
projects, while GitHub Actions is more prominently employed in
Python projects. This trend may be attributed to the synchronized
growth of GitHub Actions and the increasing popularity of Python.
Furthermore, GitHub Actions emerges as the preferred technology
across most programming languages.

This analysis suggests that programming languages experiencing
heightened popularity in recent years, like Python and TypeScript,
are more commonly associated with GitHub Actions. Conversely,
languages such as JavaScript are more prevalent in projects uti-
lizing Travis. This observation implies that newer projects tend
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Figure 5: Heat map of technology use per programming lan-
guage across CI/CD repositories.

to favor GitHub Actions, indicating a potential trend of migration
from Travis to GitHub Actions, particularly in numerous JavaScript
projects.

5 RQ2: CAN A SINGLE CI/CD TECHNOLOGY
ADEQUATELY MEET THE NEEDS OF A
SPECIFIC PROJECT?

With this RQ we intend to understand the co-usage of several CI/CD
technologies among the projects.

Fig. 6 displays the logarithmic distribution of the number of
CI/CD technologies employed across repositories with at least one
such technology. A notable observation from the figure is that more
than three quarters of projects (84.9%) opt for a single CI/CD tech-
nology. Nevertheless, 30271 repositories, constituting 15.1% of all
repositories with CI/CD technologies, utilize more than one tech-
nology. This suggests that while a substantial portion of projects
operates effectively with a single CI/CD technology, there exists a
subset of projects that necessitate the utilization of multiple tech-
nologies. This implies that certain technologies may not be ade-
quate or suitable for specific workloads, prompting the adoption of
a diverse CI/CD technology stack in these instances.

The fact that many projects require using two or more CI/CD
technologies raises several concerns. To the best of our knowledge,
the interoperability of these technologies has not been properly
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Figure 6: Distribution of the number of technologies in repos-
itories containing CI/CD technologies (logarithmic scale).

studied. This deserves an investigation of its own. Moreover, CI/CD
supporting tools (e.g., editors) are not tailored for co-usage, which
makes their co-usage more difficult for developers. Thus, to study
how to aid developers in these projects becomes an interesting
research path.

In Fig. 7 and Fig. 8, we present the number and percentage of
repositories using (at most) a certain number of technologies. Some
repositories have no single technology because, at a certain point
(most likely, in their beginning), they did not use CI/CD. In the
first few years, one can see that the vast majority used just one
technology, but that number quickly rose. In the last 4 years, at
least 23,000 repositories (per year) use more than one technology
(Fig. 9). Note this is simultaneous usage, not different usage over
time (which we will address in RQ3). This finding agrees with both
Mazrae et al. [27] and Goldazeh et al. [15] studies of CI usage.
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Figure 7: Number of repositories using at most a given num-
ber of technologies in a given year, by year.

Although in the last few years there seems to be a decrease in the
use of multiple technologies, clearly, there are many repositories
still using them that the research community should try to support.

In Fig. 10 we present a study of the co-usage of two technologies.
Not surprisingly, GitHub Actions is used in combination with all
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number of technologies in a given year by year
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Figure 9: Number of repositories using more than one tech-
nology simultaneously in a given year, by year.

the other technologies, but most significantly with Travis. Travis
itself is quite used with AppVeyor and Drone with Kubernetes.

The stronger combinations deserve more attention as they rep-
resent more use cases and in particular more users the research
community may help.

Finally, in Fig. 5, we present the average number of CI/CD tech-
nologies used across different programming languages (we use the
same set of languages as in RQ1). As can be seen, all the projects
written in these languages use, on average, more than one CI/CD
technology.

This reinforces our previous conclusions: the usage of multi-
ple technologies is quite present and deserves further study and
support.

6 RQ3: WHAT IS THE EVOLUTION OF CI/CD
USAGE OVER TIME?

With this RQ, we intend to understand the usage of CI/CD over the
last 12 years.
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language repository.

We start by analyzing the usage of CI/CD starting in 2012 until
now. For Fig. 12, we count the number of repositories created each
year where, in their last commit, there is the presence of CI/CD
technologies. As can be seen, even in repositories from 2012, almost
one quarter included at least one technology; the percentage then
increased until 2015 to more than 37%, and has been since then in a
gentle descending/stable curve. The drop in the last year is justified
because many projects start without CI/CD, and only later, it is
introduced.
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Figure 12: The usage of CI/CD per year.

As seen in Fig. 13, CI/CD technologies are being integrated into
the development workflow sooner as time goes on. CI/CD’s increas-
ing popularity is due to older, possibly more complex, projects’
adoption and new, perhaps simpler, projects that see value in con-
tinuous practices. The sharp decreases in 2022 and 2023 come from
all analyzed repositories having at least one CI/CD technology in
2023.
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Figure 13: Mean time in days to first CI/CD technology detec-
tion by repository creation year.

Usage of different technologies

A repository may use more than one technology at a time, as seen
in Fig. 14. The technologies used in a repository in a given year
are the union of the technologies of the snapshots retrieved in that
year. In cases where a repository does not have any snapshots in
a given year but has activity following that year, the technologies
used for that year are the ones in the most recent snapshot up to
that point in time, i.e., if a repository has snapshots in 2016 and
2018, but not in 2017, its used technologies in 2017 are the ones
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from the last snapshot from 2016. If a repository has no activity

following a given year, its technology usage stops being considered.

This methodology applies to all charts showing technology usage
over time.

Fig. 14 shows two significant trends in CI/CD, Travis and GitHub
Actions. Travis usage steadily increased from 2012 until it peaked in
2019 with 73284 repositories (36.6%). Since 2019, Travis’s usage has
been declining. This coincides with the rapid adoption of GitHub
Actions; from 2019 to 2020, there was a 502.8% growth in the number
of repositories using GitHub Actions, and from 2020 to 2021, there
was an 86.6% growth. Of the 36587 repositories that used Travis in
2019 and were still active in 2023, 59.7% were using GitHub Actions
and not Travis in 2023, 21.1% used Travis and not GitHub Actions,
and 16.9% used both. Of the 87582 repositories using GitHub Actions
in 2023, 45.4% had no snapshots from before 2020. The exodus from
Travis and the influx from newer repositories have been the main
drivers for GitHub Actions growth.
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Figure 14: Number of repositories where each technology
was detected by year.

From this data, we can see a shift in the CI/CD technologies
used over the years. This could mean developers tend to change
their technologies and may need support for doing so. We thus
investigate this shift further on.

Fig. 15 shows the top 10 CI/CD stack transitions from repositories
that solely used Travis in 2019. While many stop being active, 22.9%
moved from Travis to GitHub Actions. If we consider only the ones
active, this 53.7% of all active Travis projects moved to GitHub
Actions while.

From this information, we can conclude that developers actually
change CI/CD technologies. However, there is little support for
this kind of change. Thus, the research community has quite an
interesting path to explore.

How often do projects change CI/CD
technologies?

As Fig. 16 shows, the percentage of snapshots with CI/CD changes
compared to the previous snapshot grows steadily from 2013 (2.3%)
to0 2019 (6.9%) and peaks in 2020 (12.2%) and 2021 (12.6%), coinciding
with GitHub Actions’s explosive growth phase. Since 2021, this
number has remained stable at almost 8%.
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Figure 15: CI CI/CD technology stack transitions from repos-
itories solely using Travis CI in 2019.

Percentage of snapshots

Figure 16: Percentage of snapshots with changes in the CI/CD
technology stack from the previous snapshot by year (all
repositories).

This is a very significant result since it shows that every year,
between 2.3% (in 2013) and 12.6% (in 2021) of all snapshots include
some kind of change in the CI/CD technologies used. This repre-
sents a very significant amount of technologies’ shift, with all the
known issues with that. Moreover, it is important to notice that this
constant over time and there is no reason to think this may change
in a near future. This means the research community can give a
significant contribution to aid all these teams when they migrate
and evolve their systems.

If we limit this analysis to a subset of active repositories from
2012 to 2023 (Fig. 17), we find similar trends but higher change per-
centages over time. For this analysis, we discarded all snapshots for
each repository before the first, where we detected CI/CD technolo-
gies. This was done because we were not interested in a project’s
first choice of technologies.

10

Anon.

Percentage of snapshots

Figure 17: Percentage of snapshots with changes in the CI/CD
technology stack from the previous snapshot by year for the
set of repositories active from 2012 to 2023 (n=8296).

The percentage of CI/CD technology stack changes is signifi-
cant and is consistently higher in long-running projects, meaning
projects continuously look for technologies that better fit their
workflow. Although one could expect some stability over the years
for mature projects, this is not the case as can been seen in the data.
This reinforces the need for the research community to provide
support for these changes.

7 DISCUSSION

We have analyzed the 12 years of the usage of CI/CD. Answer-
ing RQ1, from the more than 600 thousand repositories collected,
almost one third, 32.7%, includes CI/CD technologies. This num-
ber is expected to grow as many projects start without the usage
of CI/CD, which is added in later phases. We can also see one of
the current technologies dominates the market, with 57.8% of the
projects using GitHub Actions. This number may be biased as we
used GitHub as our source of projects, but, if this is the case, it
means the source code manager has a significant impact in the
choice of CI/CD technologies.

Regarding the relationship with programming languages, it is
possible to conclude some languages are more related to the usage
of CI/CD than others. In particular, more recent languages, such as
TypeScript, Go, or Rust have a higher percentage of projects with
CI/CD than languages such as C, Java, or C#. This may indicate
a technological-generational gap between languages and CI/CD
technologies, which should further be studied aiming to improve
the adoption of CI/CD by older languages.

Another interesting aspect is the fact that top-used languages
such as R [19] do not have projects that include CI/CD in a signifi-
cant amount. This may indicate this kind of technology is not of
easy adoption by less technically skilled users, as R is often used
by researchers and mathematicians.

A surprising aspect we discovered during our work related to
RQ2 is that many projects use more than one technology for CI/CD.
In fact, up to 13 technologies may be used at the same time. In the
last 4 years, each year, more than 23,000 projects include more than
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one technology, which accounts for about 20% of all projects. From
this, is possible to answer RQ2 negatively, that is, one technology
is often not sufficient to cope with all the requirements of some
projects. This raises several future work directions. A first path
is to endeavor a deeper investigation is required to understand
exactly why this happens. Moreover, it is necessary to investigate
the interoperability of the technologies, how they work together,
and how to provide the proper support for these users, as existing
technologies tend to have tools (e.g., editors, interpreters) designed
to be used independently of others.

In the analysis for RQ3, we can see about a third of the reposito-
ries have CI/CD, a number that is relatively stable over the years.
However, we have shown the time between the creation of the
repository and the adoption of CI/CD has been decreasing substan-
tially. Regarding the usage over the years, with RQ3 we discovered
developers tend to change quite often CI/CD technologies. Indeed,
there has been a massive change from Travis to GHA, but changes
in technology are quite common. Indeed, in the last two years, more
than 7% of all snapshots include some kind of change in the CI/CD
technological stack. If we consider long-run projects (projects run-
ning from 2012 up until now), this number is even greater. This
means developers need support to be successful in these endeavors,
which currently is mostly non-existent. This opens quite promising
research paths, including techniques to support the evolution of this
kind of artifacts (e.g., model-driven approaches, languages-based),
but also for the human-computer interaction community on how
to aid these developers being more effective and efficient.

8 THREATS TO VALIDITY

There are multiple threats to the validity of our study, which we
address in the following paragraphs.

Our study focuses on open-source software and, in particular,
on projects hosted on GitHub. Thus, our sampling does not include
other kinds of software (e.g., propriety). Thus, we cannot generalize
our conclusions to these other kinds of software projects. Never-
theless, many companies also have their software on GitHub, and
one may expect workers from these companies to use similar tech-
nologies in other projects. Moreover, others have reached similar
conclusions by interviewing developers [15].

Since we only used GitHub, we cannot say these results apply
to projects in other code repository services. However, there is no
reason to consider projects hosted on GitHub to be significantly
different from other projects in other repository services.

Still regarding the use of GitHub as the source of the software
projects we analyzed, we could observe a predominance of GitHub
Actions. One of the main reasons for this may in fact be related to
the use of GitHub as the source of projects. However, we also found
GitLab Actions, the CI/CD technology used by another repository
service (GitLab).

We collected our sample repositories by getting the 1,000 results
sent by the GitHub API, doing it for every week in our time frame.
This gave us more than 600,000 repositories, from which more
than 200,000 have CI/CD. Although we could have collected more
repositories, this would increase the time to retrieve them in a way
that would make our work unfeasible. Moreover, the query did not
impose any restriction on the results, except for the 10 starts we
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used to have some kind of “quality” metric for the projects. Thus,
the repositories retrieved should not be biased in any other way.

We considered only technologies that we could identify through
files in the repository. Indeed, from the 61 technologies identified
by the Cloud Native Computing Foundation, we could not identify
14 technologies (plus 1 deprecated). Nevertheless, we were able to
identify 64% of all technologies.

Some technologies are detected through file contents and we
cannot guarantee a random file would not have a certain string
inside that matches. However, we defined content that would only
make sense in the technology context, this probably did not happen.
In any case, if it happened, was for a very small number of files
that should not change the overall conclusions of our work.

We assumed that the presence of CI/CD artifacts (e.g., configura-
tion files) means the underlying project is using such a technology.
However, this may not be the case as some artifacts may be left
forgotten from older usages.

9 CONCLUSIONS

In this work, we have investigated more than 600,000 software
projects, from which more than 200,000 include diverse CI/CD tech-
nologies. We have characterized the current usage of CI/CD, related
the technologies with programming languages, discovered that
many projects use several technologies at the same time, and that
projects tend to change their CI/CD technologies frequently. From
this, several research paths can be seen, from better understanding
why developers need to use several technologies simultaneously
and to provide the proper support to them, to how to aid when
developers want to evolve their technologies.

As future work, we plan to extend this work to other repository
services such as GitLab, or Bitbucket. Another interesting research
direction is to replicate this work in an industrial setting. We will
also extend our work to consider the complete DevOps cycle.
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