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Abstract
Background

Codabench [1] is an open-source web-based portal developed to address the growing difficulties
of reproducibility and comparability in the data science communities. Codabench is a new and im-
proved version of "Codalab competition” [2], the most widely used patform in the world for orga-
nizing machine learning challenges [3]. While maintaining full backward compatibility with Codalab,
Codabench features reworked code to efficiently manage competitions and benchmarks. Despite
their solid mathematical foundations, data analysis methods often require empirical evaluation to
confirm their effectiveness and reliability. This trend is intensifying with the growing complexity of
the methods, particularly with the emergence of deep neural networks, which are difficult to explain
and interpret. Empirical evaluation is becoming indispensable, because of the complexity of the al-
gorithms and the unpredictable nature of the data. In addition, discrepancies in hardware/software
environments, code and data used, make computational approaches difficult to compare. These
challenges underline the need to develop tools and methodologies to guarantee the reproducibility
and comparability of computational research results. Codabench aims to solve these problems by
providing a flexible and reproducible platform for the comparative analysis of algorithms and com-
putational methods. Codabench enable the organization of scientific competitions (also known as
"challenges”). These scientific competitions enables large-scale benchmarking of methods as well as
the collaborative development of new algorithms to solve complex methodological problems.

Results

Codabench focuses on tasks (i.e. solving a data analysis problem), giving organizers the flexibility
to implement various mathematical challenges, to use different data formats and APIs, and even to
integrate data-generating models, making it easier to organize challenges in fields such as reinforce-
ment learning. The platform can be used to create both benchmarks and competitions. A distinctive
feature of Codabench is its support for the submission of results and code, enabling rigorous and
reproducible evaluation of methods, ensuring execution in a controlled environment on the server
and thus preventing cheating. Codabench offers "compute workers” to process submissions, but it
also enables organizers to create customized queues and attach their own compute resources, guar-
anteeing great flexibility and avoiding cost overruns. The use of Docker environments for secure
execution of participants’ code ensures consistency across different environments and enhanced
reproducibility of results.



Codabench offers a user-friendly interface which guides organizers step-by-step in the preparation
of data and code, facilitating their management. Organizers can download and update "competition
bundles”, ZIP files containing all the elements required to create a competition, making the creation
process simple and flexible. Codabench also offers flexible competition management by allowing
competitions to be structured into several phases, each with its own distinct parameters, dates, data
and scoring programs, making it easy to manage and segment the various stages of the competition.
The highly customizable dashboard can handle multiple scoring functions simultaneously, enabling
a more in-depth evaluation of participants’ results.

Finally, Codabench’s well-organized documentation, categorized according to the different players
involved, ensures efficient use of the platform by participants, organizers, administrators and con-
tributors. Compared with its main competitors (see Table 1), Codabench offers much-appreciated
flexibility in research and teaching, with unique features that meet the needs of researchers and
educators alike.

Tab. 1. Comparison of various reproducible science platforms, table originally published in Xu
et al [1]. ‘Bundle’ means whether a wrap up is provided for a benchmark such that we could reuse or
share. ‘Result/Code/Dataset’ submit means whether different submissions are supported to enable
flexible tasks. ‘Compute queue’ means, where public or private computation resources could be
provided or linked for convenient deployment.

Platform Flexibility Easy-to-use Reproducibility
Bundle Result/Code Dataset  Easy Open- APl Compute
submit submit creation source/free access queue
Kaggle b 4 4 b 4 4 b 4 4 4 4
Tianchi X v b 4 4 b 4 b 4 4 4
Codalab 4 v b 4 v 4 b 4 v v
udl b 4 b 4 4 b 4 4 b 4 b 4 4
OpenML b 4 v v v 4 v X v
PapersWithCode X 4 b 4 4 4 b 4 b 4 4
DAWNBench b 4 4 b 4 b 4 4 b 4 b 4 4
Codabench 4 v 4 4 4 4 4 4

To demonstrate the usage of Codabench, we will present two case studies illustrating how Cod-
abench can effectively contribute to both teaching and scientific research within the bioinformatics
community.

Algorithms evaluation and collaborative science. As part of the Health data challenge program (HADACA,
mainly funded by the European EIT Health program), we organized several data challenges [4,5]. The
objective of this program was to provide : firstly, to establish a framework for evaluating newly de-
veloped algorithms tailored for the analysis of health data; and secondly, to introduce innovative
methodologies aimed at training students, researchers in the collaborative development of compu-
tational methods for biological data analysis. All these scientific events were dedicated to the quan-
tification of intra-tumor heterogeneity using appropriate statistical methods on transcriptomic and
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methylation data. Here we will provide a comprehensive account of our experiences and insights
gained from these competitions.

Data challenge as a pedagogical approach. Codabench is playing an increasingly important role in ed-
ucation. Every year, students in the Master's program in Artificial Intelligence at the Université Paris-
Saclay organize challenges using Codalab, which are then solved by other students. Some of these
challenges even serve as the basis for international research competitions. Here we will present and
discuss the challenge EPISMOKE2.0, a challenge specially designed for students of the Master in Data
Science at the University of Grenoble. Students were asked to predict the smoking status of patients
based on the methylation profile of their blood DNA. This challenge offers a valuable opportunity for
students to apply their theoretical knowledge to a concrete problem, while developing their skills in
data analysis and machine learning.

Usefull resources. Codabench platform and documentation.
Conclusions

In conclusion, Codabench represents a significant advance in the field of data science, offering a
flexible and reproducible platform for the comparative analysis of computational methods. Its user-
friendliness, flexibility and ability to guarantee reproducibility make it a valuable tool for researchers
working in bioinformatics and computational biology. By facilitating comparability of results and
fostering reproducibility, Codabench helps to promote high-quality research and accelerate progress
in data science.
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