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Outline

Guix-HPC aims to tackle the following high-level objectives:

+  Reproducible scientific workflows. Improve the GNU Guix tool set to bet-
ter support reproducible scientific workflows and to simplify sharing
and publication of software environments.

¢ Cluster usage. Streamlining Guix deployment on HPC clusters, and
providing interoperability with clusters not running Guix.

¢ Outreach & user support. Reaching out to the HPC and scientific re-
search communities and organizing training sessions.

The following sections detail work that has been carried out in each
of these areas.

https://hpc.guix.info/blog/2019/05/gnu-guix-1.0-foundation-for-hpc-reproducible-science/

17.

Perspectives

Making Guix more broadly usable on HPC clusters remains one of
our top priorities. Features added this year to guix pack are one way to
approach it, and we will keep looking for ways to improve it. In addition to
this technical approach, we will keep working with cluster administrators
to allow them to deploy Guix directly on their cluster. We have seen more
cluster administrators deploy Guix this year and we are confident that this
trend will continue.

Last year, we advocated for tight integration of reproducible deploy-
ment capabilities through Guix in scientific applications. The GNU Guix
Workflow Language and Guix-Jupyter have since matured, giving us more
insight into the benefits of the approach and opening new perspectives
that we will explore. We would additionally like to investigate a comple-
mentary approach: adding Guix support to existing tools, such as jupyter-
repo2docker®,

For the Guix Workflow Language we will continue to explore its suit-
ability in scheduler-less compute environments, such as ad-hoc clusters
of short-lived virtual servers, that are becoming increasingly popular. We
think that the propertiesof bit-reproduciblebuildsand package-level gran-
ularity unlock hitherto unavailable sharing among independent parts of
workflow environments to an extent that is impossible when using mono-
lithic container images. This increase in storage and deployment efficien-
cy is expected to result in significant cost savings when computations are
offloaded to externally hosted and metered resources.

We have witnessed increasing awareness in the scientific communi-
ty of the limitations of container-based tooling when it comes to building
transparent and reproducible workflows. We are happy to be associated
with the “Ten Years Reproducibility Challenge™* where we plan to demon-
strate how Guix can help reproduce computational experiments. In the

S2https://repo2docker.readthedocs.io/en/latest/
Shttps://resciencegithub.io/ten-years/
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straightforward way by guix time-machine' which providesdirectaccess
to older versions of Guix and all the packages it defines.

A post on the Guix HPC blog"™ explains how to perform the four
steps of reproducible computation, and also explains how Guix ensures
bit-for-bit reproducibility through comprehensive dependency tracking.

Reproducible Deployment for Jupyter Notebooks

Jupyter Notebooks' have become a tool of choice for scientists
willing to share and reproduce computational experiments. Yet, nothing
in a notebook specifies which software packages it relies on, which puts
reproducibility at risk.

Together with Pierre-Antoine Rouby as part of a four-month intern-
ship at Inria in 2018, we started work on Guix-Jupyter", a Guix “kernel”
for Jupyter Notebook. In a nutshell, Guix-Jupyter allows notebook writers
to specify the software environment the notebook depends on: the Guix
packages, and the Guix commit. Furthermore, all the code in the notebook
runsin anisolated environment (a “container”). This ensures that someone
replaying the notebook will run it in the right environment as the author
intended.

Guix-Jupyter reached its first release in October 2019'®, Many on
Jupyter fora were enthusiastic about this approach. Compared to other ap-
proaches, which revolve around building container images, Guix-Jupyter
addresses the deployment problem at its root, providing a maximum level
of transparency. These Jupyter notebooksare being used in bioinformatics
courses by, for example, the University of Tennessee.

The Guix Workflow Language

“https://qguixgnu.org/manual/devel/en/html_node/Invoking-guix-time_002dmachinehtml
Bhttps://hpc.guix.info/blog/2020/01/reproduciblecomputations-with-guix/
Lhttps://jupyter.org

Yhttps://hpc.guix.info/blog/2019/02/quix-hpc-activity-report-2018/
Bhttps://hpc.guix.info/blog/2019/10/towards-reproduciblejupyter-notebooks/

15.

*  ARAMIS Plenary Session on Reproducibility, May 2019°® (Ludovic
Courtes)

+  JCAD,Oct. 2019”7 (Ludovic Courtes)

+  SciClojWeb Meeting, Jan. 2020°® (Ludovic Courtes)

+  FOSDEM, Feb. 2020* (Ludovic Courtes, Efraim Flashner, Pjotr Prins)

We also organised the GNU Guix Days®, which attracted 35 Guix
contributors and ran for two days before FOSDEM 2020.

Training Sessions

The PRACE/Inria High-Performance Numerical Simulation School®
that took place in November 2019 contained an introduction to Guix and
used it throughout its hands-on sessions. A Guix training session also took
place at Inria (Bordeaux) in October 2019.

*$https://aramis.resinfo.org/wiki/dokuphp?id=pleniaires:pleniere23mai2019

SThttps://jcad2019sciencesconforg/resource/page/id/6
SShttps://sciclojgithub.io/pages/web_meetings/
**https://fosdem.org/2020/
https://libreplanet.org/wiki/Group:Guix/FOSDEM2020
“https://project.inriafr/hpcschool2019/
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resources through Amazon Web Services (AWS) has been developed, which
will be integrated with the Guix Workflow Language in future releases.

You can read more about the many changes to the GWL in the release
notes of version 0.2.0%,

Ensuring Source Code Availability

In April 2019, Software Heritage and GNU Guix announced their collab-
oration® to enable long-term reproducibility. Being able to rely on a long-
term source code archive is crucial to support the use cases that matter to
reproducible science: what good would it be if guix time-machine would
fail because upstream source code vanished? Starting from beginning of
2019, Guix is able to fall back to Software Heritage*” should upstream source
code vanish.

We worked to improve coverage of the Software Heritage
archive—making sure source code Guix packages refer to is archived. That
led to the addition of an archival tool to guix 1lint®, our helper for pack-
age developers, which instructs Software Heritage to archive source code it
currently lacks, before the package even makes it in Guix itself. We helped
review work carried out by NixOS developer “lewo” to further improve
archive coverage®.

Packaging

The core package collection that comes with Guix went from 9,000
packages a year ago to more than 12,000 as of this writing. This rapid

Bhttps://listsgnu.org/archive/html/info-gnu/2020-02/msg00011html

26

https://www.softwareheritage.org/2019/04/18/software-heritage-and-gnu-guix-join-forces-to-
enable-long-term-reproducibility/

7 https;//hpcguix.info/blog/2019/03/connecting-reproducible-deployment-to-a-long-term-source-
code-archive/

Bhttps://qguixgnu.org/manual/devel/en/html_node/Invoking-guix-linthtml

Phttps://forgesoftwareheritage.org/D2025/new/

13.

ticular the addition of the -entry-point option to specify the default entry
point, and that of a -save-provenance option to save provenance meta-
data in the container image.
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updatesto Gmsh and OpenFOAM and the addition of a specialised solver for
the shallow water equations.

In HPC environments typically an underlying GNU/Linux distribution
is used such as Red Hat, Debian or Ubuntu. In addition user land build sys-
tems are used such as Conda which has the downside of not being repro-
ducible because the bootstrap normally depends on the underlying distri-
bution. Guix, however, has support for a reproducible Conda bootstrap.
This means that HPC managers can support distro software installs (e.g.,
through apt-get), but in addition users get empowered to install software
themselves using thousands of GNU Guix supported packages (and extra
through Guix channels, see below) and thousands of Conda packages. In
practice, as system administrators, we find we hardly ever have to build
packagesfrom source again and system administratorshardly get bothered
by their (scientific) users.

Many other key HPC packages have been added, upgraded, or im-
proved, including the SLURM batch scheduler, the HDF5 data management
suite, the LAPACK reference linear algebra package, the Julia and Rust
programming languages, the PyOpenCL Python interface to OpenCL, and
many more.

Statistical and bioinformatics packages for the R programming lan-
guage in particular have seen regular comprehensive upgrades, closely
following updates to the popular CRAN and Bioconductor repositories. At
the time of this writing Guix providesa collection of more than 1300 repro-
ducibly built R packages, making R one of the best supported programming
environments in Guix.

In addition to the packages in core Guix, we have been developing
channels” providing packages that are closely related to the research work
of teams at our institutes. One such example is the Guix-HPC channel*®,
developed by HPC research teams at Inria, and which now contains about
forty packages. Active bioinformatics channels include that of the BIMSB

*"https://guixgnu.org/manual/devel/en/html_node/Channelshtml
https://gitlab.inriafr/guix-hpc/guix-hpc/
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group at the Max Delbriick Center for Molecular Medicine (MDC)** (130+
packages), that of the genetics group at UMC Utrecht* (400+ packages),and
the genomics channel by Erik Garrison®.

**https://github.com/BIMSBbioinfo/guix-bimsb

“https://github.com/UMCUGenetics/guix-additions
“https://github.com/ekg/guix-genomics



