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Attempting a reproducible Ph.D. thesis

Fast solvers for high-frequency aeroacoustics

numerical simulations for studying the propagation of
sound waves emitted by an aircraft
solving large coupled sparse/dense linear systems

A real-life example [8]. A discrete numerical model.
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Attempting a reproducible Ph.D. thesis

Challenges

1 rich software environment
lot of dependencies
multiple versions
different computing platforms

2 benchmark campaigns
easily reproducible and extensible
automatized
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Attempting a reproducible Ph.D. thesis

Choosing the right tools

1 reproducible software environment
efficient management of multiple environments
reproducibility across different computing platforms
Modules, Spack, Singularity . . . GNU Guix [2]

guix shell --pure --with-input=pastix-5=pastix-5-mkl \
--with-input=mumps-scotch-openmpi=mumps-mkl-scotch-openmpi \
--with-input=openblas=mkl --with-git-url=gcvb=$HOME/src/gcvb \
--with-commit=gcvb=40d88ba241db4c71ac3e1fe8024fba4d906f45b1 \
--preserve=^SLURM bash coreutils inetutils findutils grep sed \
bc openssh python python-psutil gcvb slurm@19 openmpi scab
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Attempting a reproducible Ph.D. thesis

Choosing the right tools

2 reproducible experiments
literate programming [7]
detailed documentation of environments and experiments
Org mode for Emacs [4]

#+PROPERTY: header-args :tangle rss.py ...
...
Memory usage statistics of a particular process are
stored in ~/proc/<pid>/statm~ where ~<pid>~ is the
process identifier (PID). In this file, the field
=VmRSS= holds the amount of real memory used by the
process at instant $t$. See the associated function
below.

#+BEGIN_SRC python
def rss(pid):

with open("/proc/%d/statm" % pid, "r") as f:
line = f.readline().split();
VmRSS = int(line[1])
return VmRSS

#+END_SRC
...

#!/usr/bin/env python3
...
def rss(pid):

with open("/proc/%d/statm" % pid, "r") as f:
line = f.readline().split();
VmRSS = int(line[1])
return VmRSS

...
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Towards a reproducible software environment

Constraints

different environments
benchmark execution
result post-processing

multiple versions of our solver stack
(after implementing new algorithms or improvements)
multiple platforms (with or without Guix)

1 PlaFRIM (Inria Bordeaux) [5]
2 Curta (Nouvelle Aquitaine) [1]
3 Jean Zay (IDRIS) [3]
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Towards a reproducible software environment

Software sources

Guix channels

Git repositories defining available packages

public or private (Airbus)

defined globally, per-user or in a standalone Scheme file

(list (channel (name 'guix)
(url "https://git.savannah.gnu.org/git/guix.git")
(commit "1ac4959c6a94a89fc8d3a73239d107cfb1d96240"))

(channel (name 'guix-hpc)
(url "https://gitlab.inria.fr/guix-hpc/guix-hpc.git")
(commit "9cc4593aaaaeaf17a602b620e9ab1974b5b82984"))

(channel (name 'guix-hpc-airbus)
(url "git@gitlab.inria.fr:mfelsoci/guix-hpc-airbus.git")
(commit "bff0aa3f20140dbfda53d6882e25d3e9770e2911"))

...
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Towards a reproducible software environment

Specifying and entering an environment

guix shell --pure option1 option2 package1 package2 ...

Manifests

Scheme files containing definitions of software environments

prevent long guix shell commands

works with guix pack to create software bundles (Singularity)

(define transform1
(options->transformation

'((with-input . "openblas=mkl")
;; ...
(with-input . "slurm=slurm@19"))))

(packages->manifest
(list (transform1 (specification->package "scab"))

(transform1 (specification->package "gcvb-minimal-felsocim"))
;; ...
(transform1 (specification->package "bash"))))
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Towards a reproducible research study

Going one step further. . .

reproducible software environment
platform-independent (as much as possible)

reproducible experiments
presentation of this software environment and its setup
exhaustive description of experiments
explanation of result post-processing
. . .
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Towards a reproducible research study

1 study = 1 repository

environment specifications (channels and manifests)
experiment definitions
associated publications
Org format preferred for text documents and source code
everything published and shared online (GitLab Pages)

my-study
(repository root)

channels.org manifests.org benchmarks sources
(submodule) research-report.org publish.el

(publishing script)

benchmarks.org
(definitions)

sbatch.org
(slurm scheduling) ... rss.org

(resource monitor)
plot.org

(post-processing) ...

10 / 18



Towards a reproducible research study

Continuous integration

automatization of the entire process
environment setup, benchmark execution, result
post-processing, . . .

task sequence executed on each git push

based on guix shell and/or Singularity bundles

Extracting source code Preparing benchmark session

Benchmarks
(optional manual step)

Post-processing Publishing on GitLab Pages

org-babel-tangle mkgcvbfs.sh
gcvb generate

test-fem-native

test-fembem-native

parse.sh
plot.R org-publish
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Example

thesis-mfelsoci.gitlabpages.inria.fr/oocdst/
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Example

thesis-mfelsoci.gitlabpages.inria.fr/oocdst/
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Example

thesis-mfelsoci.gitlabpages.inria.fr/oocdst/

14 / 18

https://thesis-mfelsoci.gitlabpages.inria.fr/oocdst/


Conclusion

Reproducibility

reproducible software environments thanks to Guix
exhaustive documentation in Org mode for redoing
experiments
automatized environment setup, benchmark execution and
result post-processing using continuous integration
solid basis for future reproducible research studies
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Conclusion

Availability

repositories may change of hosting
software forges may be discontinued

Inria Forge, Gitorious, . . .
need for a durable hosting → Software Heritage [6]

initiated by Inria
lifetime storage of repositories
unique identifiers swh:... suitable for referencing in papers

THE GREAT LIBRARY OF SOURCE CODE
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Conclusion

Today’s goal

Make an existing research study better reproducible using Guix
and Org mode!

1 specify software environment with Guix
channels, packages

2 write some source code in Org mode
literate programming

3 reproduce the study within a Guix environment
4 document the instructions for reproducing the study
5 archive the repository on Software Heritage
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Conclusion
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