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two releases (version 1.1.0 in April 2020'! and version 1.2.0 in November*?)
as well as releases of the Guix Workflow Language and of Guix-Jupyter.

https://hpc.guix.info/blog/2020/04/hpc-reproducible-research-in-guix-1.1.0/
Lhttps://hpc.guix.info/blog/2020/11/hpc-reproducible-research-in-guix-1.2.0/
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Reproducible Scientific Workflows

Supporting reproducible research in general remains 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-
entificmethod. Webelievethata prerequisite for thisis the ability torepro-
duce and inspect the software environments of those experiments.

We have made further progress to ensure Guix addresses this use
case. We work not only on deployment issues, but also upstream—ensuring
source code is archived at Software Heritage—and downstream—devising
tools and workflows for scientists to use.

The Guix Workflow Language

The Guix Workflow Language™ (or GWL) is a scientific computing
extension to GNU Guix’s declarative language for package management. It
allows for the declaration of scientific workflows, which will always run in
reproducible environments that GNU Guix automatically prepares. In the
past year the GWL has seen further development to refine the language and
its integration with the Guix environment management features.

The GWL was always intended to be used as an extension to Guix,
but this presented unique problems. Extensions to Guix may use the Guile
modules it provides as a library in addition to accessing Guix package def-
initions. With the exact version of Guix under user control via guix pull
this put extension developers between a rock and a hard place: they could
either dynamically bind to the version of Guix currently in use and hope
that the APIof future versions of Guix remainsunchanged compared tothe
version they used during development, or they could restrict the extension
to a well-known version of Guix with the unfortunate side effect that any
reference to packages would be outdated compared to those available in
the variant of Guix currently installed by the user.

Bhttps://workflowsguix.info

19.

Personnel

GNU Guix is a collaborative effort, receiving contributions from more
than 60 people every month—a 50% increase compared to last year. Aspart
of Guix-HPC, participating institutions have dedicated work hours to the
project, which we summarize here.

+  CNRS:0.25 person-year (Konrad Hinsen)

+  Inria: 2person-years(Ludovic Courtés,Maurice Brémond, and the con-
tributors to the Guix-HPC channel: Emmanuel Agullo, Florent Pruvost,
Gilles Marait, Nathalie Furmento, Marek Fel$6ci, Adrien Guilbaud,
Philippe Swartvagher, Matthieu Simonin)

+  Max Delbriick Center for Molecular Medicine (MDC): 2 person-years
(Ricardo Wurmus and Madalin Ionel Patrascu)

«  Tourbillion Technology: 0.8 person-year (Paul Garlick)
+  Université de Paris: 0.5 person-year (Simon Tournier)

+  University of Tennessee Health Science Center (UTHSC): 1.0 person-
year (Efraim Flashner, Bonface Munyoki, Erik Garrison and Pjotr
Prins)

+  Utrecht Bioinformatics Center (UBC): 0.1 person-year (Roel Janssen)
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Version 0.2.1 was announced in January 2021'®. Among the user in-
terface changes and bug fixes it provides, ;;guix describe and ;;guix
search “magic” commands have been added, providing the same function-
ality as the same-named guix commands. Build and download progress is
now reported in the cell that triggered it, which improves the user experi-
ence. While we still consider it “beta”, we believe it already smoothly cov-
ers a wide range of use cases.

From Source Code to Research Article

GWL and Guix-Jupyter are both tools designed for a scientific au-
dience, as close as possible to the actual scientific experiments and work-
flows. Inthe same vein, we participated in the Ten Years Reproducibility Chal-
lenge® organized by ReScience C, an open-access, peer-reviewed journal
that targets computational research and encourages the replication of al-
ready published research.

Participants were invited to pick a scientificarticle they had published
at least ten years earlier, and to try and reproduce its results. Needless to
say, participants encountered many difficulties, most of which boil down
to: finding the code, getting it to build, and getting it to run in an environ-
ment as close as possible to the original one.

This last challenge—re-deploying software—is of particular interest
to Guix, which has to goal of supporting bit-reproducible deployments in
time. Of course, the chosen articles were published before Guix even exist-
ed, but we thought it was a good opportunity to demonstrate how Guix will
allow users to address these challenges from now on. Among the fifty par-
ticipants, some chose to address deployment issues using Docker or virtual
machines (VMs), and several chose Guix. The challenge and its contribu-
tions, including a discussion of software deployment issuesand Guix, led to
an article in Nature® (Jeffrey M. Perkel, Challenge to scientists: does your ten-
year-old code still run?, August 2020).

Bhttps://hpc.guix.info/blog/2021/01/guixjupyter-0.2.1-released/
Yhttps://resciencegithub.io/ten-years/

17.

We published 8 articles on the Guix-HPC blog*® touching topics such
as fast relocatable packs, reproducible research article workflows, and
Jupyter integration.

Talks

Since last year, we gave the following talks at the following venues:

«  JDEV conference (on-line), July 2020*” (Ludovic Courtes)

¢ on-line seminar of the Belgium Research Software Engineers commu-
nity (BE-RSE), Nov. 2020* (Ludovic Courtes)

+  on-line Guix Days, Nov. 2020* (Lars-Dominik Braun)

«  FOSDEM HPC track, Feb. 2021 (Ricardo Wurmus)

We also organised the following events:

« an online reproducible research hackathon!, where 15 people were
connected to tackle issues inspired by contributions from the Ten
Years Reproducibility Challenge® organized by ReScience™,

+  the first online GNU Guix Day**, which attracted more than 50 people
all around the world;

¢ GNU Guix Days™

“Shttps://hpcguix.info/blog/

“Thttp://devlog.cnrs.fr/jdev2020/t4

https://www.be-rse.org/seminars
https://guix.gnu.org/en/blog/2020/online-guix-day-announce-2/
*Ohttps://fosdem.org/2021/schedule/event/quix_workflow/
*1https://hpcguix.info/blog/2020/07/reproducible-research-hackathon-experience-report
S2https://resciencegithub.io/ten-years/

>3https://resciencegithub.io/
**https://qguixgnu.org/en/blog/2020/online-guix-day-announce-2
>*https://libreplanet.org/wiki/Group:Guix/FOSDEM2021
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10.

age versions in the new Guix-Past channel®, which was created for the
challenge.

Ensuring Source Code Availability

Guix, for instance with guix time-machine, allows you to travel back
in time and to re-deploy software reproducibly. It is a great step forward
in support of reproducible research. But there is still an important piece
to make this viable: a stable source code archive. The collaboration with
Software Heritage (SWH) initiated in 2019** is continued.

Since March 2019%, Guix eases the request submission to SWH for
long-term archiving viaguix lint -c archival,Oncethe packageisready,
linting ensures the source code is saved on SWH. Later, if original upstream
source code vanishes, Guix falls back to SWH. This aforementioned arti-
cleread:

Our plan is to extend Software Heritage?® such that it would
periodically archive the source code of software packaged by Guix.

This is now the case: Guix serves the file sources. json?’, which con-
tains references to all the source code packages refer to; this is periodi-
cally ingested by Software Heritage via the SWH nixguix® “loader”. As a
result, more packages are continuously archived. This work was done by
Tweag for the benefit of the Nix and Guix projects; the Guix team helped
review it.

Bhttps://gitlab.inriafr/guix-hpc/guix-past

24

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

% https://hpcguixinfo/blog/2019/03/connecting-reproducible-deployment-to-a-long-term-source-
code-archive/

*https://forgesoftwareheritage.org/T1352

TThttp://guixgnu.org/sourcesjson

Bhttps://docs.softwareheritage.org/devel/ modules/swh/loader/package/nixguixhtml

15.

we install, run and manage the cluster as researchers. UTHSC IT manages
the infrastructure, i.e., physical placement, routers and firewalls, but be-
yond that there are no demands on IT. Thanks to out-of-band access we can
completely (re)install machines remotely. Octopus runs GNU Guix on top
of a minimal Debian install and we are experimenting with pure GNU Guix
nodes that can be run on demand. Lizardfs is used for distributed network
storage. Almost all deployed software has been packaged in GNU Guix and
can be installed by regular users on the cluster without root access.

Guix is also the foundation for the data analysis platform PsychNote-
book*, which assists researchers and students in the preparation, analysis,
and transparent documentation of psychological data. While a modern
web interface hides most aspects of Guix from the user, under the hood
channel files and manifests are used to create shareable and reproducible
environments, which then can be shared with other users of the platform
or exported and run on local hardware. After a testing period in the previ-
ous semester with about 15 students the system is now live and currently
used to teach about 20 students the basics of R using RStudio Web.

“https://www.psychnotebookorg
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12.

Furthermore, package transformationoptionspassed toguix install
and similar commands are now recorded in profiles and replayed when

running guix upgrade, thereby ensuring user customization is preserved.

Another novelty is that package transformations now apply to “implicit
inputs” (package dependencies provided by the build system), giving users
even more flexibility.

The Guix reference manual now includes a section discussing the
various ways to define package variants®’,

Declarative Deployment with Manifests

In addition to the “imperative” management style where one runs
guix install and related commands, Guix supports a declarative style
where the user provides a code snippet, called a manifest, that describes the
packages to deploy. The declarative approach has the advantage of being
explicit and stateless: the manifest file can be put under version control
and shared with others. It is also flexible because users have access to the
whole programming environment of Guix from within the manifest.

Toreducethelearning curve and make it easier to switch to the declar-
ativestyle, we made twoimprovements. First,userscan now exporta mani-

fest from an existing profile by running guix package --export-manifest,

The output can be stored in a file and users can switch to running guix
package -—-manifest with that file right away.

Second, there is now a high-level programming interface giving
access to package transformations, with a one-to-one mapping to their
command-line syntax. This interface can be used in manifests. In fact, the
manifest produced by -—export-manifest uses it when needed.

Packaging

The package collection that comes with Guix keeps growing. It now
contains 16,000 packages, including many scientific packages ranging from

*thttps://quixgnu.org/manual/en/html_node/Defining-Package-Variantshtml
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run-time support software such asimplementationsof the Message Passing
Interface (MPI), to linear algebra software, to statistics and bioinformatics
modules for R. In addition to packages in Guix proper, we have been main-
taining channels, which provide additional packages, usually specialized in
one application domain.

As part of the aforementioned Ten Years Reproducibility Challenge and
subsequent reproducible research hackathon, we created the Guix-Past
channel’?, with the goal of collecting versions of software older than Guix
itself, for use in reproducible research experiments. It now contains six-
ty packages, including Python 2.4 (from 2008), Perl 5.14 (from 2011), and
2006-era versions of the GNU “Autotools”. As an example, Guix-Past al-
lowed Genenetwork administrators to migrate a 20-year old web service®
from a 12-year old CentOS and it is now running in a modern Guix contain-
er. We expect Guix-Past will serve as the basis for future reproducible re-
search endeavors.

A new Guix Science channel* has been established to collaborate on
packaging and maintaining recent scientific software that currently can-
not be included into Guix proper. JASP, RStudio and JupyterLab are avail-
able. A substitute server continuously builds these packages and serves bi-
nary substitutes for them.

Since Guix is trivially extensible, users do not need to wait for the com-
munity to prepare missing packages they may need right now. Tools like
the new package importer and installer for R* let users of the R program-
ming language install any R package—from CRAN, Bioconductor, or any
Mercurial or Git repository—by leveraging the recursive package import-
ing facilities that Guix provides from within a running R session. This re-
places the need for installers like devtools and exposes reproducible pack-
age management features through a familiar interface within R.

32https://gitlab.inriafr/guix-hpc/guix-past
3http://gnlgenenetworkorg
**https://hpcguix.info/blog/2021/01/guix-science/
*https://git.elephly.net/software/r-guix-install git



