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Thisreporthighlightskey achievementsof Guix-HPCbetweenour pre-
viousreport' a year ago and today, February 2022. This year was marked by
exciting developments for HPC and reproducible workflows: the release of
GNU Guix 1.3.0 in May'?, the ability to tune packages for a CPU micro-archi-
tecture with the --tune option, improved Software Heritage support, new
releases of Guix-Jupyter and the Guix Workflow Language (GWL), support
for POWER9 CPUs and on-going work porting to RISC-V, and more.

https://hpc.guixinfo/blog/2021/02/guix-hpc-activity-report-2020/
2https://guixgnu.org/en/blog/2021/gnu-guix-13.0-released/
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Reproducible Scientific Workflows

Supporting reproducible research workflows is a major goal
for Guix-HPC. The ability to reproduce and inspect computational
experiments—today’s lab notebooks—is key to establishing a rigorous sci-
entific method. UNESCO’s Recommendation on Open Science®, published
in November 2021, recognizes the importance of free software in research
and further notes (§7d):

Inthe context of open science,when opensource codeisacompo-
nentof aresearchprocess,enablingreuseand replicationgenerallyre-
quires that it be accompanied with open data and open specifications
of the environment required to compile and run it.

This key point is often overlooked: the ability to reproduce and in-
spect the software environments of experiments is a prerequisite for trans-
parent and reproducible research workflows.

To that end, we work not only on deployment issues, but also up-
stream—ensuring source code is archived at Software Heritage—and down-
stream—devising tools and workflows for scientists to use. The sections be-
low summarize the progress made on these fronts and include experience
reports by two PhD candidates showing in concrete terms how Guix fits in
reproducible HPC workflows.

Workflow Languages

The Guix Workflow Language' (or GWL) is a scientific computing ex-
tension to GNU Guix’s declarative language for package management. It
allows for the declaration of scientific workflows, which will always run

Bhttps://enunesco.org/science-sustainable-future/open-science/recommendation

Yhttps://workflows guix.info

23,

Perspectives

Guix availability on scientific computing clusters remains a top
priority. More HPC practitioners—researchers, engineers, and system
administrators—are adopting Guix and showing interests, from repro-
ducible research to flexible deployment of virtual machines. We expect
to continue to work on these two complementary fronts: streamlining the
use of reproducible packs, and reaching out to system administrators and
cluster users, notably through training sessions.

Upstream, we will continue to work with Software Heritage with the
goal of achieving complete archive coverage of the source code Guix refers
to. We have identified challenges related to source code availability; this
will probably be one of the main efforts in this area for the coming year.

Downstream, a lot of work has happened in the area of reproducible
research tools. Our package collection has grown to include more and
more scientific tools. Tools like the Guix Workflow Language and Guix-
Jupyter have matured; along with the PsychNotebook service®, they bridge
the gap between reproducible software deployment and reproducible sci-
entific tools and workflows. We also showed how to achieve high perfor-
mance while preserving provenance tracking, which we hope dispels the
entrenched perceptionin HPC circlesthat reproducibility and performance
are antithetic.

Our work happens in a context of growing awareness of the impor-
tance of software and software environments in research workflows. UN-
ESCO’s Recommendation on Open Science® and, for example, the Second
French Plan for Open Science®® are two illustrations of that.

We gave demonstrations of what Guix brings to scientific workflows
and we expect to continue to show that reproducible scientific workflows
are indeed a possibility. Working on the tools and workflows directly in the

https://www.psychnotebookorg/
8 https://enunesco.org/science-sustainable-future/open-science/recommendation

Shttps://www.ouvrirlasciencefr/second-national-plan-for-open-science/
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ment bit-reproducible. Earlier this year, we published version 0.2.2 as a bug-
fix release.

Guix-Jupyter is implemented as a Jupyter kernel: it acts as a proxy be-
tweenthenotebook and the programming languagenotebook cellsare writ-
ten in. It interprets annotations found in the notebook to deploy precisely
the right software packages needed to run the notebook. We believe thisis
a robust approach to address the Achilles” heel that software deployment
represents for reproducible computations with Jupyter.

Yet, because Binder? and its associated services and tools are a pop-
ular way to deploy Jupyter notebooks, we wanted to offer an alternative
solution integrated with Binder. Under the hood, Binder builds upon
repo2docker?, a tool to build Docker images straight from source code
repositories. Repo2docker has a number of back-ends called buildpacks to
handle packaging metadata in a variety of formats: when a setup. py file
isavailable, software is deployed using standard Python tools, the presence
of an install.R file leads to deployment using GNU R, an apt . txt file in-
structs it to install software using Debian’s package manager, and so on.

As part of a three-month internship at Inria, Hugo Lecomte imple-
mented a Guix buildpack for repo2docker. If aguix.scmor amanifest.scm
file is found in the source repository, repo2docker uses it to populate the
Docker image being built. Additionally—and thisis a significant difference
compared to other buildpacks—, software deployed with Guix can be pinned
at a specific revision: if a channels.scn file is found, the buildpack passes
it to guix time-machine; this ensures that software is deployed from the
exact Guix revision specified in channels.scm,

This Guix buildpack for repo2docker has been submitted upstream
and reviewed?, but as of this writing it has yet to be merged. We believe

Zhttps://mybinder.org/
2https://repo2docker.readthedocs.io/en/latest/
Bhttps://github.com/jupyterhub/repo2docker/pull/1048

21.

Training Sessions

A training session on computational reproducibility for high-energy
sessions took place at the Centre de Physique des Particules de Marseille in
April/May 2021.1t included a hands-on session about Guix.

For the French HPC Guix community, we have set up a monthly on-
line event called “Café Guix™, started in October 2021. Each month, a user
or developer informally presents a Guix feature or workflow and answers
questions.

Shttps://hpc.guixinfo/events/2021/café-guix/
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10.

existed. Fromthere we create a Disarchive database that maps cryptographic
hashes of tarballs to their metadata.
Thisyear we deployed,on the Guix build farm, infrastructureto contin-

uously build the database® and to publish it at disarchive.guix.gnu.org®,

We added support in Guix so that it can use Disarchive + SWH as a fallback
when downloading a tarball from its original URL fails, significantly im-
proving source code archival coverage.

Beyond Guix, this work is crucial for all the deployment tools that rely
on the availability of tarballs—Brew, Gentoo, Nix, Spack, and other package
managers, but also scientific workflow tools such as Maneage™ and individ-
ual Dockerfilesand scripts. Thisled SWH and the Sloan Foundation toallo-
cate a grant®®so that Timothy Sample could address some of the remaining
challenges.

Among those, Timothy has already been able to expand Disarchive
compression support beyond gzip—version 0.4.0 adds support for xz, the
second most popular compression format for tarballs. To have a clear
vision of the progress being made, Timothy has been publishing periodic
Preservation of Guix Reports. The latest one* shows that archival coverage
forall the Guix revisionssince version 1.0.0is at 72%; the breakdown by revi-
sion shows that coverage reaches 86% for recent commits. Simon Tournier
hasbeen carefully monitoring coverage and discussing with other Guix de-
velopers and with the SWH team to identify reasons why specific pieces of
source code would not be archived. Ludovic Courteés had the pleasure to
jointhe SWHFifth Anniversary event™, on behalf of the Guix team, to show
all the progress made and to discuss the road ahead.

“https://ciguixgnu.org/jobset/disarchive

®https://disarchiveguixgnu.org

1https;//maneage.org/
32https://www.softwareheritage.org/2022/01/13/preserving-source-code-archive-files/
Shttps://ngyro.com/pog-reports/2022-01-16/
https://www.softwareheritage.org/news/events/swhsyears/

19.

Outreach and User Support

Articles

The following articles were published in the November 2021 edition
of 1024%, the magazine of the Société Informatique de France (SIF), the French
computer science society:

+  Konrad Hinsen, La Reproductibilité des calculs cotiteux”
«  Ludovic Courtes, Reproduire les environnements logiciels : un maillon
incontournable de la recherche reproductible’

This article appeared in the March 2021 special edition of French-
speaking GNU/Linux Magazine France’*
+  Ludovic Courtés, Déploiements reproductibles dans le temps avec
GNU Guix”

The following article introducing the most recent addition to the
PiGx framework of reproducible workflows backed by Guix is awaiting
peer-review and has been submitted to the medRxiv preprint server:

»  Vic-Fabienne Schumann et al., COVID-19 infection dynamics revealed by

SARS-CoV-2 wastewater sequencing analysis and deconvolution’

Talks

https;//www.societe-informatique-de-france.fr/bulletin/1024-numero-18/
https://doi.org/10.48556/SIF.1024.18.11
"https://dxdoi.org/1048556/SIF.1024.18.15
2https://connect.ed-diamond.com/GNU-Linux-Magazine/GLMFHS-113
https://hdl.inriafr/hal-03418210
*https://doi.org/10.1101/2021.11.30.21266952
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12.

While building a package with -march=native (instructing the com-
piler to optimize for the CPU of the build machine) leaves no trace, using
Guix’s --tune is properly recorded in metadata. For example, a Docker im-
agebuilt with guix pack --tune --save-provenance contains, in its meta-
data, the CPU type for which it was tuned, allowing for independent verifi-
cation of its binaries. This is to our knowledge the first implementation of
CPU tuning that does not sacrifice reproducibility.

Packaging

The package collection that comes with Guix keeps growing. It now
contains more than 20,000 curated packages, including many scientific
packagesranging from run-time support software such asimplementations
of the Message Passing Interface (MPI), to linear algebra software, to statis-
tics and bioinformatics modules for R.

The Julia programming language has been gaining traction in the sci-
entific community and efforts in Guix reflect that momentum. At the time
of the previous report, February 2021, Guix included a dozen Julia pack-
ages. Today, January 2022, it includes more than 260 Julia packages, from
bioinformatics software such as BioSequence.jl to machine learning soft-
ware like Zygote.jl. Under the hood, the Julia build system in Guix has been
improved; in particular, it now supports both parallel builds and parallel
tests, providing a significant speedup. It also allows the built-in Julia pack-
age manager Pkg to find packages already installed by Guix.

In 2021, we added the popular PyTorch machine learning framework
to our package collection. While it had long been available via pip, the
Python package manager, we highlighted in a blog post®® things that we as
users do not notice about packages: what is inside of them, and the work
behind it. We showed that the requirements for Guix packages to build
software from source and to avoid bundling external dependencies are key
to transparency, auditability, and provenance tracking—all of which are
ultimately the foundations of reproducible research.

**https://hpc.guix.info/blog/2021/09/whats-in-a-package/

17.

This intense use of package transformationslead to some corner cases
of GNU Guix features and raises®” several® issues®.

To ensure reproducibility of experiments made with GNU Guix, soft-
ware versions have to be pinned and saved along with scripts to launch
the experiments. guix describe® and guix time-machine®® are the two
GNU Guix’s commands to pin revisions and execute applications built from
these precise revisions. Making the experimental scripts publicly avail-
able® is another step to achieve a reproducible article. It requires us to
clearly organize experiments, describe their goalsand workings and ensure
the maximum independence from cluster specificities (or document which
changes are necessary to launch the experiments on another cluster).
When the repository describing the experiments is completed, archiving it
on Software Heritage and providing the obtained ID in the paper to easily
retrieve the scripts is effortless.

This first paper with GNU Guix was a great opportunity to discover the
help provided by GNU Guix, its ecosystem and support. Italso showed areas
where documentation can be improved regarding the workflow to ensure
reproducibility of the experiments—from using ‘guix describe* to pin ver-
sions, to obtaining an ID to easily cite the scriptsin a paper. Moreover, there
are still pending questions about the best way to generalize experimenta-
tion scripts and make them independent from the clusters being used—e.g.,
how to deal with different job schedulers, file systems, and how to provide
instructions to replicate experiments even without Guix.

https://issuesguixgnu.org/49697

Shttps://issuesguixgnu.org/49696

“https://issuesguixgnu.org/50335
https://guixgnu.org/en/manual/en/html_node/Invoking-guix-describe.html
https://guixgnu.org/en/manual/en/html_node/Invokingguix-time_002dmachinehtml
“https://gitlab.inriafr/pswartva/paper-starpu-traces-ri3y
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14.

Together with Chris Batten of Cornell and Michael Taylor of the
University of Washington, Erik Garrison and Pjotr Prins are UTHSC PIs re-
sponsible for creating a new NSF-funded RISC-V supercomputer for pange-
nomics”. It will incorporate GNU Guix and the GNU Mes bootstrap®, with
input from Arun Isaac, Efraim Flashner and others. NLNet* is also fund-
ing the GNU Mes RISC-V bootstrap project with Ekaitz Zarraga and Jan
Nieuwenhuizen. We aim to continue adding RISC-V support to GNU Guix at
arapid pace.

Why is the combination of GNU Mes and GNU Guix exciting for RISC-
V7 First of all, RISC-V is a very modern modular open hardware architec-
ture that provides further guarantees of transparency and security. It ex-
tends reproducibility to the transistor level and for that reason generates
interest from the Bitcoin community, for example. Because there are no
licensing fees involved, RISC-V is already a major force in IoT and will in-
creasingly penetrate hardware solutions, such as storage microcontrollers
and network devices, going all the way to GPU-style parallel computing and
many-core solutions with thousands of cores on a single die. GNU Mes and
GNU Guix are particularly suitable for RISC-V because Guix can optimize
generated code for different RISC-V targets and is able to parameterize de-
ployed software packages for included/excluded RISC-V modules.

On the way to a reproducible PhD thesis

GNU Guix and Org mode® form a powerful association when it comes
to setting up a PhD thesis workflow. On one hand, GNU Guix allows us to
ensure an experimental software environment is reproducible across vari-
ous high-performance testbeds. On the other hand, we can take advantage

“https://www.tomshardware.com/news/risc-v-cluster-demonstrated
“Shttps://www.european-processor-initiative.eu/epi-epacl-0-risc-v-test-chip-samples-delivered/
“Thttps://news.cornell.edu/stories/2021/11/5m-grant-will-tackle-pangenomics-computing-challenge
“https://guixgnu.org/en/blog/2019/guix-reduces-bootstrap-seed-by-50/
“https://nlnetnl/project/currenthtml

*Shttps://www.orgmode.org

15.

of the literate programming paradigm using Org mode to describe the ex-
perimental environment as well as the experiments themselves, then post-
process and reuse the results in final scientific publications.

The ongoing work of Marek Felsci®' at Inria is an actual attempt for
a reproducible PhD thesis relying on the conjunction of GNU Guix and
Org mode. The thesis project resides in a Git repository where a dedicat-
ed Org file describes and explains all of the source code and procedures in-
volved in the construction of the experimental software environment, the
execution of experiments as well as the gathering and the post-processing
of the results. This includes a Guix channel file, scripts for running the ex-
periments, parsing the output logs, producing figures and so on.

Other Org documents of the repository may then build on these re-
sults and produce the final publications, such as research reports, articles
and slideshows, in various formats. As an existing publication example
we can cite the research report #9412°” and the associated technical report
#0513% providing a literate description of the environment and the experi-
ments the study presented in the research report relies on.

In the end, the entire process of setting up the software environment,
running experiments, post-processing results and publishing documents s
automated using continuous integration.

The result of the continuous integration is publicly available® as a
collection of web pages and PDF documents hosted using GitLab Pages™.

The initiative does not stop here. There is an effort to transform this
monolithic setup into independent modules with the aim to share and
reuse portions of the setup in other projects within the research team.

Sthttps://mfelsocigitlabpages.inriafr/thesis/
*https://halinriafr/hal-03263603
S3https://hadl.inriafr/hal-03263620
Shttps://mf elsoci gitlabpages.inria.fr/thesis/
S>https://docsgitlab.com/ce/user/project/pages/



