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27.

command line or Jupyter, bringing Guix System and guix deploy to HPC
cluster administrators, and achieving 100% coverage of package source
code in the Software Heritage archive.

The GNU Guix project turned ten thisyear. It started with the develop-
ment of a “package manager” and is now providing a complete deployment
toolbox: a package manager, but also a development environment manager,
a container provisioning tool, a standalone operating system, and a cluster
deployment tool. Besides its technical achievements, it has raised the bar
of what one can expect in terms of software deployment—reproducibility,
provenance tracking, and transparency. We are determined to make more
strides in that direction.

There’s a lot we can do and we’d love to hear your ideas™!

*'https://hpc.guixinfo/about
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Thisreporthighlightskey achievementsof Guix-HPCbetween our pre-
vious report'® a year ago and today, February 2023. This year was marked
by exciting developments for HPC and reproducible workflows: the re-
lease of GNU Guix 1.4.0 in December", the celebration of ten years of Guix
with a three-day conference'?, several releases of the Guix Workflow Lan-
guage (GWL), more work on supporting RISC-V processors, and more pub-
lications relying on Guix as a foundation for reproducible computational
workflows.

https://hpc.guixinfo/blog/2022/02/guix-hpc-activity-report-2021/
https.//quixgnu.org/en/blog/2022/gnu-guix-1.4.0-released/
https://10years.guixgnu.org

25.

Personnel

GNU Guix is a collaborative effort, receiving contributions from more
than 90 people every month—a 50% increase compared to last year. As part
of Guix-HPC, participating institutions have dedicated work hours to the
project, which we summarize here.

« Inria: 2.5 person-years (Ludovic Courtes; contributors to the Guix-
HPC channel: Emmanuel Agullo, Luca Cirrottola, Marek Fel$6ci, Marc
Fuentes, Nathalie Furmento, Gilles Marait, Florent Pruvost, Matthieu
Simonin, Philippe Swartvagher, Mathieu Verite; system administra-
tor in charge of Guix on the PlaFRIM and Grid’5000 clusters: Julien
Lelaurain)

+  Max Delbriick Center for Molecular Medicine in the Helmholtz Asso-
ciation (MDC): 2 person-years (Ricardo Wurmus and Madalin Ionel Pa-
trascu)

+  University of Paris Cité: 0.75 person-year (Simon Tournier)

«  University of Tennessee Health Science Center (UTHSC): 3+ person-
years (Efraim Flashner, Bonface Munyoki, Fred Muriithi, Arun Isaac,
Jorge Gomez, Erik Garrison and Pjotr Prins)

+ CNRS and UGA (GRICAD): 0.3 person-year (Céline Acary-Robert,
Pierre-Antoine Bouttier, Oliver Henriot)
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Reproducible Scientific Workflows

Supporting reproducible research workflows is a major goal for
Guix-HPC.

Guix Workflow Language

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 in
reproducibleenvironmentsthat GNU Guixautomaticallyprepares. Thegen-
eral idea with the GWL is a simple inversion of priorities: put reproducible
software deploymentfirst and extend the deployment infrastructure provid-
ed by Guix with tools to declare and run workflows. Asa consequence, the
GWL benefits directly from the continued development of Guix’s salient
features pertaining to software reproducibility and reliable, predictable de-
ployment. Much of the work on the GWL is thus aimed at recasting these
features through the lens of a domain-specific language for describing
workflows as a graph of processes that are inextricably linked with their
associated software stacks.

The year 2022 saw three releases of the Guix Workflow Language:
version 0.4.0 on January 28, version 0.5.0 on July 21, and version 0.5.1 on

November 13, representing the cumulative efforts of four contributors.

The changes include fixes to errors discovered in active use of the GWL for
scientific workflows, adjustments in the details of how the GWL extends
Guix, and laying the groundwork for improved performance.

The GermanNational Research Data Infrastructure—specificallyitsen-
gineering sciences branch NFDI4Ing'*— recognizes workflow management
systems as an important tool towards reproducible and reusable scientific

Bhttps://workflowsguix.info
Yhttps://nf diding.de/

23.

On May 30, 2022 the Max Delbriick Center for Molecular Medicine
in the Helmholtz Association (MDC) hosted a Guix workshop as part of
the Data Science Café in Berlin. The workshop was entitled “Managing
reproducible and transparent software environments with GNU Guix” and
was presented by Ricardo Wurmus.

The Inria research center in Nancy (France) periodically organizes af-
ternoontechnical seminars, referred toas“TutoTechno”,abouta technolo-
gy or programming language. On June 14, 2022 the research center hosted
Marek Fel$dci who gave a presentation® on the use of Guix combined with
literate programming with Org Mode for building reproducible research
studies. The presentation was followed by a hands-on session. Attendees
were guided through the process of constructing a standalone Git reposi-
tory containing a research study entirely reproducible thanks to Guix and
the literate description of the experimental environment, source code and
methods in Org mode. At the end of the hands-on session, participants
learned how to use Software Heritage to guarantee a long-term availability
of their work. Thetutorialisself-contained and publicly available® for any-
one who would like to try it out.

A training session was given during the Open Science Days*, which
took place in Grenoble, France, 13-15 December 2022. Entitled “Déploiement
reproductible des logiciels scientifiques avec GNU Guix™® (“Reproducible scien-
tific software deployment with GNU Guix”) and given by Ludovic Courtés,
Konrad Hinsen, and Simon Tournier, the session introduced the use of guix
shelland guix time-machine asthe buildingblocks of reproducible work-
flows. Training material is available on-line®.

82https://tuto-techno-guix-hpcgitlabpages.inriafr/slides/tuto-techno-guix-hpcpdf
8https.//tuto-techno-guix-hpc gitlabpages.inriafr/guidelines/

8 https://osd-uga-2022.sciencesconforg/
8https://archivesoftwareheritage.org/swh:1:dir:731f3a71e4676c7ec0ab83c72aa060c9a094630a
Shttps://gitlab.inriafr/guix-hpc/open-science-days-tutorial
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its missing dependencies will be imported recursively and the generated
package definitions will be written to ~/ .Rguix/packages . scm, This record
of imported packages can be used later to reproduce the environment,
and to add the packages in question to a proper Guix channel (or to Guix
itself). guix.install () not only supports installing packages from CRAN,
but also from Bioconductor or even arbitrary Git or Mercurial repositories,
replacing the need for installation via devtools.

While this approach works well for individual users, Guix installations
with a larger user base, for instance institution-wide, would benefit from
the defaultavailability of the entire CRAN package collection with pre-built
substitutes to speed up installation times. Additionally, reproducing envi-
ronments would include fewer steps if the package recipes were available
to anyone by default.

The new guix-cran' channel was built to address that issue. It
extends the package collection by providing all CRAN packages missing in
Guix proper and has all of the properties mentioned above.

Creatingand updatingguix-cranisfully automated and happenswith-
out any human intervention. The channel itself is always in a usable state,
because updates are tested with guix pull before committing and pushing
them. However, some packages may not build or work, because build or
runtime dependencies (usually undeclared in CRAN itself) are missing. Any
improvement to the already very good Guix CRAN importer, like enhanced
auto-detection of these missing dependencies, also improves the channel’s
quality. More details are available in a blog post™.

Packages

As of this writing, Guix comes with more than 22,000 packages, which
makes it one of the ten biggest free software distributions according to

Yhttps://github.com/guix-science/guix-cran

2 https://hpc.guixinfo/blog/2022/12/cran-a-practical-example-for-being-reproducible-at-large-scale-
using-gnu-guix/

21.

¢ Toward practical transparent verifiable and long-termreproducible research
using Guix™", bioinfo seminar at Institut de Biologie de I'Ecole Normale
Supérieure (IBENS)’%, Dec. 2022 (Simon Tournier)

Events

As in previous years, Pjotr Prins spearheaded the organization of the
“Declarative and minimalistic computing” track” at FOSDEM 2022, which
was home to several Guix talks.

This year was also the tenth year of Guix as a project. Its first lines
of code were written in April 2012, and it has since received code contribu-
tions by more than 800 people at an impressive rate, not to mention non-
coding contributions in many areas—from helping out newcomers, to de-
signing graphics, to translating documentation.

To celebrate, we organized Ten Years of Guix’*, a three-day event that
took place in Paris, France, in September 2022, with support from research
and non-profit organizations’®, About 50 people came in Paris and the event
was also live-streamed.

This event was one of kind: it brought together scientists and free
software hackers, two communities that evidently have shared values—as
the open science movement demonstrates—and that benefit from one
another. The program was organized as follows:

«  Friday, September 16th, was dedicated to reproducible deployment for
reproducible research. Scientists and practitioners shared their experi-
ence building reproducible research workflows, using Guix and oth-
er tools.

"https://www.ibens.ens.fr/spip.php?article172&lang=en

2https://www.ibens.ens.fr/?lang=en
Bhttps://archivefosdem.org/2022/schedule/track/declarative_and_minimalistic_computing/
"*https://10years guixgnu.org/

https://10years.guixgnu.org/sponsors
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10.

The 10 Years of Guix* event was an opportunity for developers of
Guix and Software Heritage (SWH) to discuss intrinsic identifiers. An intrin-
sic identifier only depends on the data content itself and it requires three
ingredients for its computation: a representation of the structure of this
content (serializer), a cryptographic hash algorithm, and an encoding for
the resulting byte string. While converting from one encoding to another
is trivial—e.g., between base64 and base32—it is, naturally, impossible to

“convert” a cryptographic hash to the hash computed by a different func-
tion. All three parameters can be selected with command-line options to
the guix hash command.

By default Guix computes a SHA256 hash over the Nar serialization
of source archives and version-control checkout (“Nar” stands for normal-
ized archive; it is the serialization format inherited from Nix). Instead, the
SWH archive computes the SHA1 hash of a Git-serialized representation
of the files”. This discrepancy deprives Guix of a simple and reliable way
to query the SWH archive by content hash. This led to a discussion” about
the possibility for SWH to computeand preserve Nar hashesasadditionalin-
formation for code it archives—so-called ExtID identifiers. Doing so could
improve archive coverage for code source referenced by Guix packages,
in particular for Subversion checkouts as used by most of the TeX Live
packages.

As discussed in last year’s report, Guix contributor Timothy Sample
was awarded a grant by Software Heritage and the Alfred P. Sloan Founda-
tion® to further their work on Disarchive. Disarchive®® bridges the gap be-
tween source code archives (tarballs) packages refer to and content stored
in the SWH archive. It does so by providing a command to extract the

*https://10yearsguixgnu.org/
“https://docs.softwareheritage.org/devel/swh-model/persistent-identifiershtml
“https.//gitlabsoftwareheritage.org/swh/meta/-/issues/4538
Phttps://www.softwareheritage.org/2022/01/13/preserving-source-code-archive-files/
®https.//ngyro.com/software/disarchivehtml

19.

Outreach and User Support

Guix-HPC is in part about “spreading the word” about our approach
to reproducible software environments and how it can help further the
goals of reproducible research and high-performance computing develop-
ment. This section summarizes articles, talks, and training sessions given
this year.

Articles

The following refereed articles about Guix were published:

+  Nicolas Vallet, David Michonneau, and Simon Tournier, Toward
practical transparent verifiable and long-term reproducible research using
Guix*’, Nature Scientific Data, volume 9 issue 1, October 2022

«  Ludovic Courtes, Reproducibility and Performance: Why Choose?®,
IEEE CiSE volume 4, issue 3, June 2022

+  Ludovic Courtes, Building a Secure Software Supply Chain with GNU Guix®,
Programming Journal, volume 7 issue 1, June 2022

The following refereed articles about research that uses Guix were

published:

«  Alexandre Denis et al., Predicting Performance of Communications and
Computations under Memory Contention in Distributed HPC Systems®?

¢ Vic-Fabienne Schumann et al., SARS-CoV-2 infection dynamics revealed
by wastewater sequencing analysis and deconvolution®, Science of the
Total Environment, volume 853, December 2022

*https://doi.org/10.1038/541597-022-01720-9
https://hal.inriafr/hal-03604971
Shttps://doiorg/1022152/programmingjournal.org/2023/7/1
$2https://hal.inriafr/hal-03871630v1
Shttps://doi.org/101016/jscitotenv.2022.158931



TAOE9TL8E0-[PY /Af DLAUT DY /-5t
/(gu-uo.uuazuoa—z(mmam—lapow-,taolvol/nAuvz\z\sol/xjf'v.l.lu,l'qDl:;,lb‘//:so{n%g
£9z/515anba"ab.1au1 /- /japout-yms /)aaap /yms /b10'abpI1aY2.0M0s qDIb/ /:5c17y
80LEZ210UH0EHZ /5aNSS1/-/]opowi-ymS /|adp /yms /D10 2603112y 2.10Mf0s qUIIB / /:5c131y

/Baonubxinbanyoasip//:sdny. ¢

-9y £31A130Y DJH-XINO snotaaad ay) Ul pauojuaul ‘Suoindaxs uorjedrjdde
DdH xa1dwod uo Suroe.a) Jo 3oeduir ay3 Jnoge ,taded sjqronpoadai sy L

< SW2ISAS DJH P23nqLiisiq Ul uoua3uo) LIowa Japun suorpmduio)
pUD SUOIIDITUNWIWO) f0 20UPULIOLI2] bulidlpald “Te 32 STUS( 2IPUBXA[Y o
X9 NND INOYIM pue Ym sjuswtiadxs ayy aonpoadaa
03 moy suredxe , uoruedwod o1jqnd v *s193sn[d DJH JUSISJJIP [BISASS UO
SUOIBIIUNWIWOD pue suorjeinduwiod usamiaq uojuajuod Krowaw Jo Apnis
a3 10y syuawiadxa Jo AJiiqronpoadal ay3 2Insua 03 pasn sem XIo
X9 NND Y3m apewt suoronpoad oyraua1os sjy3ySIy uor3oas sy L,

JomdeId Ul YdIedsdy dqronpoiday

"Kyiqe

-[TeAB [[BQIE] 22IN0S UO A]2.1 JBY[] S[00] PUE SUOIINLIISIP df3 [[B 10 INq ‘XINO

10y 3sn[jou ‘paemuoy dois 8o B 9q PNOM UOIIRIZIUT SAIYIILSIJ AJI[oq

OM *¢PaSSNOSIP SUIaq ST AAIIIE HMS 93 0JUT SAIYDJeSI( 2es3a]ur 0 [esod
-oad y *3u103UO0 [[13S SI PUB YOBq SIBaA M3] B , PIJRIIIUL SEM MIOM STYL

*93BI9A0D [BAIYDIR

9p02 22an0s Juraoxdwt A[JuedyTudIs ‘s[rej TN [BUISLIO $31 WOJJ [[eqJe] e 3ul

-peO[UMOP USYM YJBq[[e] B SB HMS PUB SAIYDJBSI( SUIqUIOD 0] S[qE ST XINO

"SI0 ' Nu3 XTN3 9ATYOIRSTP JB 3seqelep SAIYDJesIq € qsqqnd pue prmq
A[snonunuod 03 aunjonagseqjur pakojdap 3osfoad xmo ayj ‘aeak 3se

"s[[eqJe}

9p02 20an0s w0y JIq sadexded Auew ayj 10J AJI[IGR[IEAR 9POD 924N0S Ul

-Aoxdwr 03 A3y ST YI0OM STY L ‘[[BqIe] [eUISLIO o] SULI0]Sa.1 £qaJay]] Quajuod

pUE BJepejoul 9)quasspa. 0] PUBWILIOD JI9YJOUB pUe ‘[[eqJe] B JO ejepejoul

1

Jui U2 /102(0.4d /juriauiu/ /oy,
//05-£q-paas-dv.3s100q-saompa.-xinb /610z,/60]q,/ua/bionubrxmb//:sdiy
abuapoyo-bunmduwiod-soruouabupd-a)ydvI-|1mM-1UDIB-WS /1T /1207 /5211015 /Npa']|aui0Ismau / /533y o

"Sa[Npow A-DSIY papN[oxa/papniour 1oj sadexded aremijos pakord
-ap az11a3aweed 03 9[qe st pue s3a31e3 A-DSTY JUSISJIP 10J 9p0d pajesauald
azrwndo ued Xmo asnedaq A-JSTY J10j a[qedins Afre[nonaed aie Xmo NNO
PUB SO (1N *oIp 9[3UIS B UO S3J0D JO SPUBSNOY] YIIM SUOIIN|OS 3100-AUBTl
pue 3urndwod [ajesed 9[A3s-Ndo 03 Kem oy [[& Su103 ‘SITASP JIOMISU PUE
SI9[[0JIUOD0IDT 93LI0IS SE UONS ‘SUOTIN[0S aIempaey ajejouad A[3urseard
-UI [[IM puB [ O] Ul 9210] Jofew & Apeade ST A-DSIY ‘PIA[OAUIT $99) SUISUDI]
ou aJe 2Jay] asnedag -a[dwexa J10J ‘AJUNUILIOd UI0d31g 3y} W0 3SaIaJul
sojeJaUa3 UOSeal Jetj) 10 pue [9A3] J03sisuet) ay3 03 Ajiqronpoadas spusy
-x? 31 *ALmnoas pue Aouaaedsue) jo seajuesens Joylang sapraoad Jey3 aang
-09]1ydJe aJempJey] uado Jenpowr uIapout A1oA € ST A-DSTY ‘[[B JO ISIL (A
-JSTY J10j 3UIdXe XIND NND PUe SIS (ND JO UOTIRUIQUIOD df3 ST AYM
‘wroj3erd aaigrejod oy
uo A-JSTY J10j X9 NNO dea3sjooq 03 3sa1j ayj sem Aouwrelqy Kaxa[y ‘stied
ur sAep xmo a3 103y “oded prdes e je xmo NNO 03 3oddns A-DSTY urppe
aNUIU0d 0] WIE 9M "USZINYUIMNIIN Ue[ pue e3eltez zjreyd yiim 3oafoad
derysjooq A-DSIY S9N NNO 9y pue Jauyse[] WIeT YIIM XIN9 NNO J10J
310ddns A-DSTY urpuny st JONTIN ‘SIOUI0 pue JoUYSe[] Wedj] ‘Oees] uniy
woy Indut ym ¢, dea3sjooq ssiN IND 9Y3 pue X9 NNO a3eaod1odur [[1m I1
ySoruouadued 1oy rognduwodsadns A-DSY papunj-ISN a3 Surpes| 1oy a[qrs
-uodsaa s|d JSH.LN dJe Sulid J3o[J pue UOSLLIED LI ‘U0IZUTYSE M JO AJISToA
-1un aY3 JOo JO[AB], [9BYDIN PUR [[UI0) JO UajIeg SLIYD YIIM Ja13230],

8T



12.

port, is still under review for publication. However, first feedbacks from
reviewers requested several complementary experiments. These comple-
mentary experiments were made about a year after the initial experiments
presented in the paper. Having a complete workflow based on GNU Guix
really helped to dive back into the experimental context and configurations
used a year before!

Philippe Swartvagher defended his PhD thesis*’ on the interactions
between HPC task-based runtime systems and communication libraries.
In an appendix of the manuscript, he explains how he used on different
HPC clusters GNU Guix, packages from the Guix-HPC channel and Software
Heritage, to ensure reproducibility of his experiments.

The PhD thesis of Marek Fel$dci (to be defended in February 2023),
which is part of a collaboration between Inria and Airbus, is set in an indus-
trial aeroacoustic context and deals with direct methods for solving cou-
pled sparse/dense linear systems. Within the thesis, the author dedicates
a full chapter to the topic of reproducibility. Throughout this chapter, he
addressesthe challenges of ensuringa reproducibleresearch study in com-
puter science in general and in the context of the thesis in particular. The
questions related to the usage of non-free software are discussed as well.
The author then presents the strategy he adopts to face these challenges
including working principles, software tools and their alternatives. To
share the resulting guidelines, he provides a minimal working example of
areproducible research study on solvers for coupled sparse/dense systems.
Moreover, he introduces and references examples of actual studies from
the thesis following the advocated principles and techniques for improving
reproducibility.

The latest addition to the PiGx framework of reproducible scientific

workflows backed by Guix*® is PiGx SARS-CoV-2, a pipeline for analysing

*®https://gitlab.inriafr/pswartva/paper-starpu-traces-ri3y
"https.//theses.halscience/tel-03989856

17.

towards reproducible deployment without having to change their habits
overnight.

Containers, Singularity, and Docker

For HPC environments that do not support running native Guix soft-
ware deployment Guix supportsbuilding lightweight reproducible contain-
ers that only have the software that is really needed. At UTHSC we are dis-
tributing binary deployments as Docker containers that run on state-of-
the art compute HPCs. These containers were developed and tested first
on a separate computer with GNU Guix installed, and produced with guix
pack,

Research teams at Inria resort to guix pack as well when targeting
supercomputers where Guix is not installed. Scientists can deploy their
software using Guix directly on clusters that support it, such as Grid’5000,
PlaFRIM, and some of the Tier-2 clusters; when they need to deploy it on
Tier-1 supercomputers, they build a Singularity image that they ship and
run there. This is both a productivity boost—no need to manually rebuild
softwarel—and the guarantee that they *are* running the same software.

Having Guix available on those supercomputers would of course
make the process even smoother; we plan to engage with those cluster
administration teams to make Guix available in the future.

Supporting POWER9 and RISC-V CPUs

While it is perhaps early days to call RISC-V an HPC platform, there
are indicators that this may happen in the near future with investments
from the USA**, the EU*, India, and China. RISC-V hardware platforms and
vendors will become common in the coming years.

>*https://www.tomshardware.com/news/risc-v-cluster-demonstrated

s;//www.european-processor-initiative.eu/epi-epac1-0-risc-v-test-chip-samples-delivere
https:// pean-p initiative.eu/epi-epacl-O-risc-v-test-chip-samples-delivered/
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14.

Cluster Usage and Deployment

As part of our effort to streamline Guix deployment on HPC clusters,
we updated and improved our cluster installation guide*, which is now
part of the Guix Cookbook. The guide describes the steps needed to get
Guix running on a typical HPC cluster where nodes come with a distribution
other than Guix System, such as CentOS or Rocky Linux.

The sectionsbelow highlight the experience of cluster administration
teams and report on tooling developed around Guix for users and adminis-
trators on HPC clusters.

Genetics Research Cluster at UTHSC

AttheUniversity of TennesseeHealth Science Center (UTHSC)in Mem-
phis (USA), we are running an 11-node large-memory HPC Octopus cluster®’
(264 cores) dedicated to pangenome and genetics research. In 2022 more
storage added. Notable about this HPC is that it is administered by the users
themselves. Thanks to GNU Guix we install, run and manage the cluster asre-
searchers(androll back in case of a mistake). UTHSC sinformation technol-
ogy (IT) department manages the infrastructure—i.e., physical placement,
routers and firewalls—but beyond 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 Guix System nodes that can be run on demand.
LizardFS is used for distributed network storage. Almost all deployed soft-
ware has been packaged in GNU Guix and can be installed by regular users
on the cluster without root access, see the guix-bioinformatics® channel.

““https.//guixgnu.org/cookbook/en/html_node/Installing-Guix-on-a-Cluster.html
*“"http://genenetwork.org/facilities/
*https.//gitlab.com/genenetwork/guix-bioinformatics

15.

Tier-2 Research Cluster at GliCID

GliCID*, a Tier-2 cluster in Nantes (France), will have a new computing
cluster installed in the summer of 2023. To retain control over the system
and avoid proprietary tools specific to this type of facility, GliCID chose to
build anindependent cluster infrastructure into which the newly delivered
cluster will be integrated.

Thisinfrastructure consists of virtual machines (VMs) generated from
Guix operating system definitions and providing services such as: identi-
ty management, databases, monitoring, high availability, login machines,
slurms servers,documentation servers—over 20 VMs in total. The generat-
ed imagesare directly pushed on Ceph RBD volumes and consumed by KVM
hypervisors, which avoids a deployment phase. Now fully operational, this
infrastructure is entering a test phase. The choice of Guix has proven to
be perfectly adapted to control the whole infrastructure and to obtain rede-
ployable, reproducible and easily scalable machines.

Compute nodes are a mix of virtual compute machines running Guix
System, and physical machines from a previous cluster running another
distribution. Making native and “foreign” Guix installations cohabit while
guaranteeing the consistency of the profiles turned out to be challenging.
One specific issue GliCID overcame was managing a shared independent
/gnu/store, shared by all the nodes as per the standard cluster setup in-
structions®, and merging the /gnu/store directory of native nodes via
overlayfs.

In 2023, GliCID plans to increase the share of infrastructure machines
running Guix System, to factor more code and improve the quality of oper-
ating system definitions, packages, and services that have been developed
internally®’, and to contribute more of these upstream.

“https://wwwglicid fr/
>Ohttps://guix.gnu.org/cookbook/en/html_node/Installing-Guix-on-a-Cluster.html
*1https://gitlabuniv-nantesfr/glicid-public/guix-glicid



