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ABSTRACT
The reproducibility crisis has affected all scientific disciplines, in-
cluding computer science (CS). To address this issue, the CS commu-
nity has established artifact evaluation processes at conferences and
in journals to evaluate the reproducibility of the results shared in
publications. Authors are therefore required to share their artifacts
with reviewers, including code, data, and the software environment
necessary to reproduce the results. One method for sharing the
software environment proposed by conferences and journals is
to utilize container technologies such as Docker and Apptainer.
However, these tools rely on non-reproducible tools, resulting in
non-reproducible containers.

In this paper, we present a tool and methodology to evaluate
variations over time in software environments of container images
derived from research artifacts. We also present initial results on a
small set of Dockerfiles from the Euro-Par 2024 conference.

CCS CONCEPTS
• Software and its engineering → Software post-development
issues.
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1 INTRODUCTION
The scientific community has been hit by the “Reproducibility Cri-
sis” [2], and computer science makes no exception [4]. In order
to improve the reproducibility of articles in Computer Science,
the community set up, in conferences and journals, Artifact De-
scription/Artifact Evaluation processes [23] where authors would
voluntary submit the artifact required to reproduce the main results
from their article. Then, artifact reviewers would try to reproduce
those main results given the artifact from the authors. Based on the
result of the reproduction attempt, the article is awarded badges to
promote its reproducibility aspect [1]. The link to the artifact can
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be found in the published version of the article, sometimes with an
appendix giving more information about the artifact (e.g., download
instructions, hardware requirements, workflow) [21, 22, 31].

One difficult aspect of creating a truly reproducible artifact is
to properly control the software environment: packages and li-
braries versions. Several works already shed light on the possible
variability of experimental results given a badly captured software
environment [28, 32]. To address this issue, the conference Artifact
Description/Artifact Evaluation committees have advised authors
to provide containers or virtual machines to share their artifacts in
order to “freeze” their software environment [7, 9, 30]. In practice,
about 12% of the artifacts use such tools [10]. In the case of usual vir-
tualization techniques to generate containers or virtual machines,
authors have to write the “recipe” (for example, Dockerfile for
Docker containers) made of a list of commands to execute from a
“base image” (the FROM instruction in Dockerfiles). This approach
has several limitations. First, these base images can vary, either
because of bad practices from the users (e.g., using the latest
version of the images) or from the administrators of the image
(e.g., pushing a different image to a previously defined tag). Ad-
ministrators can also remove these base images, making all recipes
un-buildable [29]. Another limitation of this approach is the heavy
dependency on non-reproducible tools such as classical package
managers (e.g., apt, dpkg, yum). Hence, rebuilding a recipe of a
container or a virtual machine can yield different results from the
authors’ image, and thus endangers the reproducibility of the re-
sults. One would be for the authors to store and then provide the
built container itself (i.e.,tarball) on some long-term storage (e.g.,
Zenodo [34]). But this comes with the downside of requiring more
storage space than just storing the recipe (binary vs. text file), and
thus has some severe scalability and sustainability issues in
terms of longevity [10, 27]. Moreover, storing the built binary im-
age exhibits limitations when needed to inspect the actual content
of the image, and when a modification of the software environment
capture by this image is needed [26]. Having the opportunity to
extend previous scientific work is a crucial aspect in any scientific
field. To the best of our knowledge, no previous work has exhibited
the variations in software environment build from Dockerfiles
through time.

In this paper, we propose our initial design of a longitudinal
study of the variations of the software environments pro-
duced by Dockerfiles from research artifacts. We show initial
results from five Dockerfiles extracted from the Euro-Par 2024
conference reproducibility artifacts built every month for seven
months, from October 1𝑠𝑡 2024 to April 1𝑠𝑡 2025. We focus only on
Docker containers as they are the most used in artifacts [10].
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The remainder of this paper is organized as follows. Section 2
presents ecg, our software framework for this longitudinal study.
The study protocol is presented in Section 3. Section 4 presents
the initial results of a small-scale version of the study. Finally, we
conclude and give perspectives in Section 5.

2 THE ECG FRAMEWORK
In this section, we present ecg, a tool for building Dockerfiles
from research artifacts and collecting information on their resulting
software environment. ecg is a 280-line Python3 script [11] under
the GPLv3 license.

2.1 Information captured by ecg
This section presents the different information collected by ecg.

2.1.1 Cryptographic Hash of the Artifact. The authors can share
artifacts in several ways, but not all ways have the same guarantees
in terms of longevity and “stability” of the link. Hence, ecg captures
the result of the download at the given link (success or error). In
case of a successful download, ecg computes the cryptographic
hash of the download result to capture any variation in the source
of the artifact which could later explain variations in the resulting
software environment.

For example, authors can link to a Zenodo archive that will
always point to the latest artifact version. Hence, the content of the
artifact behind this link can change over time.

2.1.2 Docker Building Error. In the case of Dockerfile failing to
build, ecg captures the error returned by the building process (e.g.,
missing image, failing command). In fact, ecg is only capable of
capturing the first error of the build even if there might be several
errors in the building process. The Docker error is extracted by
greping the building process log.

2.1.3 List of Installed Packages and their Version. The software
environment can be composed of several packages, which can have
been installed by different means. Themost commonway is through
package managers (e.g., apt, dpkg, yum). But there are also packages
installed for programming languages such as with pip for Python.
Another way to install the package is to download the sources and
build them locally. ecg is able to capture these different ways to
install packages. Hence, for each package, ecg extracts the package
name, the version, and the tool used to install the package.

Currently, ecg is capable of querying information from popular
package managers (dkpg (and thus apt), pacman, pip, conda) and
to deal with situations where packages are installed by source
(package_managers in Listing 1), or the case of packages installed
in virtual Python environments. In the case where there is a git
clone command in the Dockerfile (git_packages in Listing 1),
ecg will extract the commit of the local clone of the repository
after the successful build of the container, and use this commit as
a “version”. In the case of a download of the sources of a package
(misc_packages in Listing 1), for example with wget or curl, there
is no immediate way to log the version of the package that is being
downloaded. The URL of the source code might contain a version
number, but this URL might in the future point to a different version
of the source code. Hence, ecg will download locally (outside the

container) the source code pointed by the URL and compute the
cryptographic hash of the result to generate a “version”.

2.2 Artifact representation
The information captured by ecg cannot be automatically extracted
from a Dockerfile. In some cases, authors of artifact can have shell
scripts installing packages (e.g., calling apt install), which would
be invisible at the Dockerfile level. With ecg, a Dockerfile from
an artifact is represented as a Nickel configuration file [33], which is
similar to JSON or YAML. One of Nickel’s features is the possibility
to verify that a configuration file is valid with respect to a contract.
The Nickel file representing the artifact is then verified against the
contract [12] and translated to a JSON file given as input to ecg.
Listing 1 shows an example of a Nickel representation. The contract
is versioned (line 2 of Listing 1) to take into account potential future
changes to the descriptions and the contract. If the Nickel file does
not respect the contract, an error is reported to the user.

1 {
2 version = "1.0",
3 artifact_url = "https :// zenodo.org /.../ artifact.zip",
4 type = "zip",
5 doi = "10.5281/ zenodo.XXXXXXXX",
6 conf_date = 2024,
7 virtualization = "docker",
8 buildfile_dir = "artifact",
9 package_managers = [ "dpkg", "pip" ]
10 git_packages = [
11 { name = "spack", location = "/home/user/spack" }
12 ],
13 misc_packages = [
14 {
15 name = "cmake -3.22.2 - linux",
16 url = "https :// github.com/Kitware/CMake/releases/

download/v3 .22.2/ cmake -3.22.2 - linux -x86_64.sh"
17 }
18 ]
19 }

Listing 1: Example of Artifact representation in Nickel

2.3 Workflow
The workflow of ecg is shown in Figure 1. The workflow itself [13]
is governed by the Snakemake workflow manager [24], and its soft-
ware environment [14] is managed by the Nix functional package
manager [8]. These tools provide reproducibility and robustness to
the workflow setup to ensure that we will be able to execute the
exact same workflow in the exact same conditions for all the future
builds of the artifacts.

3 PROTOCOL
This section presents the initial protocol of our longitudinal study.

(1) For each conference with an artifact evaluation process, we
examine all artifacts and consider only those that share their
software environment using a Dockerfile.

(2) From the artifact and the Dockerfile we generate the as-
sociated Nickel file (Listing 1) which contains information
such as the artifact’s location, how to extract the Dockerfile
from the artifact and the package managers used.

(3) Once all Nickel descriptions for the artifacts of a conference
have been completed, we use ecg to construct the download,
build, and extract information from each of them.
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Figure 1: Workflow of ecg. Each description of an artifact is verified with the Nickel contract and then converted in a JSON
representation. This JSON representation is then read by ecg to download the artifact, compute the hash of its content, build
the container from the Dockerfile, and extract the software environment information from the built container. ecg outputs
files containing the information about the artifact and its Dockerfile .

(4) Prior to building each container, the local Docker cache is
cleared on these machines.

(5) We will execute ecg on each artifact every month, as close
to the beginning of the month as possible, for a full year (i.e.,
13 months).

Details.
• We ensure that an empty local Docker cache is used before
building the containers.

• Each container is allocated a 10-minute time frame to build.
• ecg is executed on the x86-64 machines of the Grid’5000
platform [3] on the dahu cluster of the Grenoble site.

• We do not try to reproduce the experiment results from
the artifacts, but only to build the container. The impact of
software environment variations on the experiments results
has been studied for example in [28, 32].

4 PRELIMINARY RESULTS
We wrote the descriptions in Nickel (see Section 2.2) for the five
artifacts of the Euro-Par 2024 conference that used a Docker con-
tainer to share their software environments, and used ecg to build
their associated Dockerfiles once every month for seven months.
The initial build was October 1𝑠𝑡 2024, then the following builds
were on November 4𝑡ℎ 2024, December 2𝑛𝑑 2024, January 2𝑛𝑑 2025,
February 5𝑡ℎ 2025, March 12𝑡ℎ 2025, and April 1𝑠𝑡 2025. The dead-
line for the authors to submit their artifacts to Euro-Par 2024 was
May 15𝑡ℎ 2024. Hence, our initial build took place almost 5 months
after the artifacts submission. The following sections follow the
dimensions captured by ecg (see Section 2.1). The data collected
and presented in this section is available on Zenodo [20].

4.1 Hash of Artifacts
Four out of the five articles provided a Zenodo archive to the artifact,
the other provided a GitHub link with a specified git tag.

No variation of the artifact sources was observed, via computa-
tion of their cryptographic hash.

4.2 Build Status
All of the artifacts managed to successfully produce a container.

4.3 Software Environment
Table 1 summarizes the information about the studied Dockerfiles.
We can see that most of the container used the ubuntu base image

Artifact Docker Base Image used Calling
apt update?Name Version

canon_solving [15] ubuntu 22.04 Yes
geijer_how [16] ubuntu 22.04 Yes
hiraga_peanuts [17] devcontainers/cpp 1-debian-12 Yes
munoz_fault [18] ubuntu 22.04 Yes
wolff_fast [19] ubuntu 22.04 Yes

Table 1: Information about the Dockerfiles from the study.

and that all the Dockerfiles specified the version of the base image
to use, thus limiting the variations in terms of the software envi-
ronment produced. However, all Dockerfiles called the apt-get
update command, which fetches the latest versions of the packages
every time and thus introduces variations.

Figure 2 depicts the evolution through time of the software envi-
ronment produced by Dockerfile of each artifact studied. We can
see that even after a single month of the initial build, the software
environment is already different for all of the artifacts studied. This
is a severe threat to reproducibility as one month is the time frame
for an artifact evaluation process in conferences. This means that
the Dockerfile submitted by the authors can generate a different
software environment between the submission of the artifact and
the reproduction attempt of the reviewers.

We can see that every month new versions of the packages are
being introduced in the software environments of the containers.

Figure 3 shows the evolution of the packages’ versions managed
by each tool present in the studied artifact: dpkg, git, pip, and
manual download and build (misc). We can see that the tools that
introduce variation in the software environment are dpkg and pip.

The packages that changed the most in terms of versions are:
(1) linux-libc-dev:amd64 (installed via dpkg) with 7 different

versions for each artifact (1 per new build attempt), except
for hiraga_peanuts where there were 4 different versions.

(2) numpy (installed via pip) with 6 different versions for the
artifact wolff_fast

(3) fonttools (installed via pip) with 5 different versions for
the artifacts geijer_how and wolff_fast

5 CONCLUSION AND PERSPECTIVES
This paper presented the initial design of our longitudinal study of
the evolution of the software environments produced by Dockerfiles.
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Figure 2: Evolution of the packages in the software environment of each container over time. The color of the bar corresponds
to the month when a specific version of a package has been introduced in the software environment. We can see that the
decrease of the proportion of package versions similar to the versions in the initial build over time.
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Figure 3: Evolution through time of the packages in the soft-
ware environments managed by each tool present in the
studied artifacts.

We presented in Section 2 ecg, and its workflow (Section 2.3), a
tool to download, build, and extract information from research ar-
tifacts Dockerfiles. Section 3 presented the protocol to observe
the potential variations in the software environment over time.
We showed initial results in Section 4 on five artifacts from the
Euro-Par 2024 conference built every month for seven months.

While this initial study only considered five Dockerfiles, it
revealed that the software environments produced by the con-
sidered Dockerfiles vary every monthwhich highlights the lack
of reproducibility of such tools and methods to share software envi-
ronments. The question of the results’ significance on such a small
sample will need to be answered in a larger-scale study.

A practice to deal with the lack of reproducibility of
Dockerfiles is that the authors store the built container on
long-term storage such as Zenodo. However, this practice
raises serious questions in terms of scalability and sustain-
ability in terms of storage [27]. The lack of reproducibility of
Dockerfiles should not be hidden behind long-term storage:
the practices of the authors and of Artifact Description/Arti-
fact Evaluation need to be re-evaluated.

The community may want to adopt instead solutions tailored for
long-term reproducibility of software environment [25] (i.e., Nix [8]
and Guix [6]), where authors can share a textual representation of
their software environment which could be precisely reproduced
and with longevity guarantees [5]. Moreover, Nix and Guix allow
the precise introduction of variation in the software environment,
which is a crucial feature (not present in container technologies) in
order to build upon previous artifact for future publications [26].

Future Perspectives. This paper serves as the foundation for the
design of a larger future study on the longevity of containers. We
will consider not only Docker containers, but also other container-
ization tools such as Apptainer. Therefore, we will write descrip-
tions of more artifacts from more conferences, aiming at a total of
approximately a hundred containers, from conferences spanning
various scientific disciplines and with varying levels of computer
science technical expertise.
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