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» Guix started in 2012

» tools for reproducible software deployment

» runs standalone (Guix System) or atop a GNU/Linux distro
» ~23,000 packages, all free software

» ~100 monthly contributors
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» Guix started in 2012

» tools for reproducible software deployment

» runs standalone (Guix System) or atop a GNU/Linux distro
» ~23,000 packages, all free software

» ~100 monthly contributors

» Guix-HPC effort (Inria, MDC, UBC, UTHCS) started in 2017

https://hpc.guix.info
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» PlaFRIM (FR): Inria Bordeaux (3,000+ cores)

» GriCAD (FR): Grenoble (1,000+ cores)

» GLICID (FR): Nantes (4,000+ cores)

» Grid’5000 (FR): 8 sites (12,000+ cores)

» Max Delbriick Center (DE): 250-node cluster +
workstations

» UMC Utrecht (NL): 68-node cluster (1,000+ cores)

> ..



1. Robust deployment.



guix install gcc-toolchain openmpi hwloc
source " /.guix-profile/etc/profile

guix package --roll-back



guix shell python python-numpy



guix shell python python-numpy \
-- python3 -c ’import numpy’



guix shell --manifest=my-packages.scm

(specifications->manifest
’("gcc-toolchain” "openmpi”
"scotch” "mumps”))



guix shell --container \
--manifest=my-packages.scm

(specifications->manifest
’("gcc-toolchain” "openmpi”
"scotch” "mumps”))



bob@laptop$ guix shell --manifest=my-packages.scm ...
bob@laptop$ guix describe
guix cabba9e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe



bob@laptop$ guix shell --manifest=my-packages.scm ...
bob@laptop$ guix describe
guix cabba9e
repository URL: https://git.sv.gnu.org/git/guix.git
commit: cabba9e15900d20927c1f69c6c87d7d2a62040fe

alice@supercomp$ guix pull --commit=cabba%e
alice@supercomp$ guix shell --manifest=my-packages.scm ...






Redeploy environments: 2 files, 2 commands

1. guix describe -f channels > channels.scm

2. guix time-machine -C channels.scm -- \
shell -m manifest.scm
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@® 208 Open v 308 Closed Author ~ Labels = Projects ~

® Installation issue: xfd [BUlEEReH

#11526 opened 18 hours ago by huqy

@ Installation issue: openmpi (any version) on mac [Blilieron
#11515 opened 4 days ago by luca-heltai

® Could not install elfutils [Bllldeion

#11501 opened 5 days ago hy jczhang07

@ Installation issue: mumps (serial), error "/binish: line 0: fc: -h: invalid option”

#11498 opened 5 days ago by samfux84

® spack points to incorrect cray-libsci in LANL environment [illatetton
#11491 opened 6 days ago by floquet

@ Installation issue: range-v3 BHilEHoH

#11481 opened 6 days ago hy chissg

@ Installation issue: boost [Blilgeren

#11467 opened 7 days ago by abc19899

Milestones ~
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Inside the Solver: formulating the probLem

user-requested packages target prefix

Transactic
. Local variables
1 .
. Installed packages Pinned packages

g History Aggressive updates

Virtuzal packages Protected
\J
v Local variables
5 —» Matc_hSpec —_ — Packagleﬁecord
solve_final_state() 4 objects objects

Behavior variables

defaults/osx-64;
_ .
~—update-deps . numpy=1.21 numpy-1.21.2-py3a7hcd 15c66.0

: = : P
© 2022 Anaconda “J

https://conda.io/projects/conda/en/latest/dev-guide/deep-dives/solvers.html
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$ wget -q0 /tmp/pytorch.zip https://files.pythonhosted.org/pack
$ unzip -1 /tmp/pytorch.zip | grep '\.so'
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torch/_dl.cpython-38-x86_64-1linux
torch/_C.cpython-38-x86_64-1inux-
torch/1lib/libtorch_cpu.so
torch/1lib/libnvToolsExt-3965bdde.
torch/1lib/libtorch_python.so
torch/lib/libcaffe2_detectron_ops
torch/lib/1libtorch_cuda.so
torch/lib/libnvrtc-builtins.so
torch/1lib/libgomp-a34b3233.s0.1
torch/1lib/libtorch.so
torch/1lib/libcudart-80664282.s0.1
torch/1lib/1ibc10_cuda.so
torch/1lib/libshm.so
torch/1lib/libcaffe2_module_test_d
torch/lib/1libnvrtc-08c4863f.s0.1€
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https://hpc.guix.info/blog/2021/09/whats-in-a-package/
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(define python
(package ...))

test

guix build python
/gnu/store/...-python-3.9.6

git push



(package ...))

test

guix build python
/gnu/store/...-python-3.9.6



(define python
(rackage o

test

guix build python
/gnu/store/...-python-3.9.6



build processes
chroot, separate UIDs

client commands

guix build hello

build daemon
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build processes
chroot, separate UIDs

client commands

guix build hello
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build daemon

https://hpc.guix.info/blog/2017/09/reproducibility-and-root-privileges/
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Channel Commit
https://gitlab.inria.fr/guix-hpc/guix-hpc.git 9f5bbe50145056442ddc488babb9049dc6b3faes

https://git.savannah.gnu.org/git/guix.git 03b463b68ba62bob6T11a585240829Fddef37f48

Builds of evaluation #6100591 .0 =

All 10 Scheduled o « Succeeded 8 X Failed 2
ID Specification: Completion time:. Job Name

v @ 132227 guix-hpc 5 hours ago gevb-felsocim-0.0.1-git.6b03aec gevb-felsocim-0.0.1-git.6b03aec
v @ 132226 guix-hpc 5 hours ago gevb-1.0.0 gcvb-1.0.0
v @ 132225 guix-hpc 5 hours ago python-dash-bootstrap-components-0.7.1 python-dash-bootstrap-components-0.7.1
v @ 132224 guix-hpc 5 hours ago python-dash-defer-js-import-0.0.2 python-dash-defer-js-import-0.0.2
X @ 132219 guix-hpc 5 hours ago python-pyamg-4.0.0 python-pyamg-4.0.0
v @ 132220 guix-hpc 5 hours ago python-torch-diffeq-0.2.2 python-torch-diffeq-0.2.2
v @ 132218 guix-hpc 5 hours ago python-torch-vision-0.2.2 python-torch-vision-0.2.2
v @ 132222 guix-hpc 5 hours ago ddmpy-0.1 ddmpy-0.1
¥ @ 132221 guix-hpc 5 hours ago python-ttpy-1.2 python-ttpy-1.2
v e 132223 guchph t tps ndthpc . guixeinfio/blog/2023/03 Acontsiguous—

integration-and-continuous-delivery-for-hpc/

System

Xx86_64-linux
x86_64-linux
X86_64-linux
X86_64-linux
X86_64-linux
X86_64-linux
X86_64-linux
X86_64-linux
Xx86_64-linux

X86_64-linux


https://hpc.guix.info/blog/2023/03/contiguous-integration-and-continuous-delivery-for-hpc/
https://hpc.guix.info/blog/2023/03/contiguous-integration-and-continuous-delivery-for-hpc/

2. Flexibility.



» https://github.com/guix-science/guix-science

» RStudio Server, JupyterLab, Grid Engine, ...
» https://gitlab.inria.fr/guix-hpc/guix-hpc

» HPC run-time support and linear algebra libraries (StarPU, Maphys, ...)
» https://gitlab.inria.fr/guix-hpc/guix-past

> vintage packages (Python 2.x, NumPy, etc.)

> ...

https://hpc.guix.info/browse


https://hpc.guix.info/browse
https://github.com/guix-science/guix-science
https://gitlab.inria.fr/guix-hpc/guix-hpc
https://gitlab.inria.fr/guix-hpc/guix-past

guix shell hwloc \
--with-source=./hwloc-2.1rcl.tar.gz

guix install mumps \
—-with-input=scotch=pt-scotch

guix build chameleon \
--with-branch=starpu=master



» --with-commit

» —-with-patch

» --with-input

» --with-c-toolchain

» --with-configure-flag
> ...

https://guix.gnu.org/manual/devel/en/html_node/
Package-Transformation-Options.html


https://guix.gnu.org/manual/devel/en/html_node/Package-Transformation-Options.html
https://guix.gnu.org/manual/devel/en/html_node/Package-Transformation-Options.html

3. Performance portability.



psm2@11.2.185

psm@3.3.20170428 ucx@1.9.0

M
openmpi@4.1.1

A |

opensm@NZ

rdma-core@33.1 \

libfabric@1.11.2




InfiniBand (UCX, rdma-core)
InfiniPath/TrueScale (PSM)
Omni-Path (PSM2)

Ethernet

https://hpc.guix.info/blog/2019/12/optimized-and-portable-open-mpi-packaging/


https://hpc.guix.info/blog/2019/12/optimized-and-portable-open-mpi-packaging/
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$ spack spec netcdf-c
Concretized
netcdf-c@4.8.1... arch=linux-ubuntul8.04-skylake_avx512
“hdf5@1.10.7... arch=linux-ubuntul8.04-skylake_avx512
“cmake@3.21.4... arch=linux-ubuntul8.04-skylake_avx512
“ncurses@6. 2... arch=linux-ubuntul8.04-skylake_avx512
"pkgconf@1.8.0... arch=1linux-ubuntul8.04-skylake_avx512
“openssl@1.1.11... arch=linux-ubuntul8.04-skylake_avx512
“perl@5.34.0... arch=1linux-ubuntul18.04-skylake_avx512
"berkeley-db@18.1.40... arch=1inux-ubuntul18.04-skylake_avx512
"bzip2@1.0.8... arch=1linux-ubuntul8.04-skylake_avx512
"diffutils@3.8... arch=linux-ubuntul8.04-skylake_avx512
“libiconv@1.16... arch=linux-ubuntul8.04-skylake_avx512
“gdbm@1.19... arch=linux-ubuntul8.04-skylake_avx512
“readline@8.1... arch=1inux-ubuntul8.04-skylake_avx512
"z1ib@1.2.11... arch=linux-ubuntul8.04-skylake_avx512



$ spack spec netcdf-c
Concretized
netcdf-c@4.8.1... arch=linux-ubuntul8.04-skylake_avx512
“hdf5@1.10.7... arch=linux-ubuntul8.04-skylake_avx512
“cmake@3.21.4... arch=linux-ubuntul8.04-skylake_avx512
“ncurses@6. 2... arch=linux-ubuntul8.04-skylake_avx512
“pkgconf@1.8.0... arch=1linux-ubuntul8.04-skylake_avx512
“openssl@1.1.11... arch=linux-ubuntul8.04-skylake_avx512
“perl@5.34.0... arch=1linux-ubuntul18.04-skylake_avx512
"berkeley-db@18.1.40... arch=1inux-ubuntul18.04-skylake_avx512
"bzip2@1.0.8... arch=1linux-ubuntul8.04-skylake_avx512
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“libiconv@1.16... arch=linux-ubuntul8.04-skylake_avx512
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$ spack spec netcdf-c
Concretized
netcdf-c@4.8.1... arch=linux-ubuntul8.04-skylake_avx512
“hdf5@1.10.7... arch=linux-ubuntul8.04-skylake_avx512
“cmake@3.21.4... arch=linux-ubuntul8.04-skylake_avx512
“ncurses@6. 2... arch=linux-ubuntul8.04-skylake_avx512
"pkgconf@1.8.0... arch=1linux-ubuntul8.04-skylake_avx512
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$ spack spec netcdf-c
Concretized
netcdf-c@4.8.1... arch=linux-ubuntul8.04-skylake_avx512
"hdf5@1.10.7... arch=linux-ubuntul18.04-skylake_avx512
“cmake@3.21.4... arch=linux-ubuntul8.04-skylake_avx512
"ncurses@6.2... arch=linux-ubuntul8.04-skylake_avx512
"pkgconf@1.8.0... arch=1linux-ubuntul8.04-skylake_avx512
"openssl@1.1.11... arch=1linux-ubuntul8.04-skylake_avx512
“perl@5.34.0... arch=1linux-ubuntu18.04-skylake_avx512
"berkeley-db@18.1.40... arch=1inux-ubuntul18.04-skylake_avx512
"bzip2@1.0.8... arch=1linux-ubuntul18.04-skylake_avx512
"diffutils@3.8... arch=linux-ubuntul8.04-skylake_avx512
"libiconv@1.16... arch=linux-ubuntul8.04-skylake_avx512
“gdbm@1.19... arch=linux-ubuntul8.04-skylake_avx512
“readline@8.1... arch=linux-ubuntul8.04-skylake_avx512

'x512
https://spack.readthedocs.io/en/latest/getting_started.html
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https://xkcd.com/303/

$ spack spec netcdf-c
Concretized

“““““““ THE #1 PROGRAMMER EXCUSE
netccilf—c@4.8. FOR LEGITIMATELY SLACKING OFF:

- cmak “MY CODE'S COMPILING.”
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https://xkcd.com/303/

Libgcrypt Nettle
OpenBLAS BLIS FFTW

https://hpc.guix.info/blog/2018/01/pre-built-binaries-vs-performance/
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$ guix shell eigen-benchmarks -- \
benchBlasGemm 240 240 240

240 x 240 x 240

cblas: ©.20367 (16.289 GFlops/s)

eigen : 0.285149 (11.635 GFlops/s)



$ guix shell eigen-benchmarks -- \
benchBlasGemm 240 240 240

240 x 240 x 240

cblas: ©.20367 (16.289 GFlops/s)

eigen : 0.285149 (11.635 GFlops/s)

$ guix shell --tune eigen-benchmarks -- \
benchBlasGemm 240 240 240
guix shell: tuning for CPU micro-architecture skylake
240 x 240 x 240
cblas: 0.203131 (16.333 GFlops/s)
eigen : 0.0929638 (35.688 GFlops/s)
https://hpc.guix.info/blog/2022/01/tuning-packages-for-a-cpu-micro-architecture/


https://hpc.guix.info/blog/2022/01/tuning-packages-for-a-cpu-micro-architecture/

4. Interoperability.



$ guix pack \
python python-numpy python-scipy

/gnu/store/...-pack.tar.gz



$ guix pack --relocatable \
python python-numpy python-scipy

/gnu/store/...-pack.tar.gz

https://hpc.guix.info/blog/2020/05/faster-
relocatable-packs-with-fakechroot/


https://hpc.guix.info/blog/2020/05/faster-relocatable-packs-with-fakechroot/
https://hpc.guix.info/blog/2020/05/faster-relocatable-packs-with-fakechroot/

$ guix pack --format=squashfs \
python python-numpy python-scipy

/gnu/store/...-singularity-image.tar.gz



$ guix pack --format=docker \
python python-numpy python-scipy

/gnu/store/...—~docker-image.tar.gz






guix module create -o /opt/modules \
gcc-toolchain openmpi netcdf gromacs

https://hpc.guix.info/blog/2022/05/back-to-the-
future-modules-for-guix-packages/
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https://hpc.guix.info/blog/2022/05/back-to-the-future-modules-for-guix-packages/

guix module create -o /opt/modules \
--tune=skylake-avx512 \
gcc-toolchain openmpi netcdf gromacs

https://hpc.guix.info/blog/2022/05/back-to-the-
future-modules-for-guix-packages/


https://hpc.guix.info/blog/2022/05/back-to-the-future-modules-for-guix-packages/
https://hpc.guix.info/blog/2022/05/back-to-the-future-modules-for-guix-packages/

guix module create -o /opt/modules \
--manifest=manifest.scm

https://hpc.guix.info/blog/2022/05/back-to-the-
future-modules-for-guix-packages/


https://hpc.guix.info/blog/2022/05/back-to-the-future-modules-for-guix-packages/
https://hpc.guix.info/blog/2022/05/back-to-the-future-modules-for-guix-packages/

5. Open science
& reproducible research.
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https://guix.gnu.org/en/blog/2019/connecting-reproducible-
deployment-to-a-long-term-source-code-archive/
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https://guix.gnu.org/en/blog/2019/connecting-reproducible-deployment-to-a-long-term-source-code-archive/

» P. Swartvagher, On the Interactions between HPC
Task-based Runtime Systems and
Communication Libraries, PhD thesis, Dec. 2022

» M. FelSoci, Fast Solvers for High-Frequency
Aeroacoustics, PhD thesis, Feb. 2023

» N. Vallet et al., Toward practical transparent
verifiable and long-term reproducible research
using Guix, Nature Scientific Data, Oct. 2022


https://theses.hal.science/tel-03989856
https://theses.hal.science/tel-03989856
https://theses.hal.science/tel-03989856
https://doi.org/10.1038/s41597-022-01720-9
https://doi.org/10.1038/s41597-022-01720-9
https://doi.org/10.1038/s41597-022-01720-9

Wrapping up.



robustness

flexibility

performance portability
interoperability
reproducible research
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reproducible deployment
to our best practices book.
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Bonus slides!



$ guix build hwloc

isolated build: chroot, separate name spaces, etc.




$ guix build hwloc
/gnu/store/ h2g4sf72... -hwloc-1.11.2

hash of all the dependencies



$ guix build hwloc
/gnu/store/ h2g4sf72... ~hwloc-1.11.2

$ guix gc --references /gnu/store/...-hwloc-1.11.2
/gnu/store/...-glibc-2.33
/gnu/store/...-gcc-10.3.0-1ib
/gnu/store/...~-hwloc-2.9.0



$ guix build hwloc
/gnu/store/ h2g4sf72... -hwloc-1.11.2

$ guix gc --references /gnu/store/...-hwloc-1.11.2
/gnu/store/...-glibc-2.33

/8NU/StOre [pmm=2 N

/gnu/store

(nearly) bit-identical for everyone
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