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Que souhaitons-nous \::romouvo‘\r et pour qu'\2.
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PYCOA

quano\ on dit simple

- Fonctions import coaenv as pycoa
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En guise de conclusion

obtenic un (petit) soutien institutionnel CUniversité / CORS / Ministére)
Dittusion et communication Ctwitter)
S’raﬁes

Pour Nous suUivre

httes/www.pycoat (su(a(oor’r@(‘ogcoéfr)

thh‘os://ﬁ‘\Jrhub.com/coa—“oro\'}ed (avec un super wiki)

h’r’r(as/ [twitte c.com/ choa‘?r

Pour tester maintenant  bitlu/pucoa. £dsad
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» Contexte
> loT @ AloT
» Faire plus avec moins

> Objectif
» ML/DL sur des MCUs
> Model inféerence sur MCU

» Contraintes

» ARM® Xtensa LX6 ®RISC-V
> 520 Ko SRAM

> Ressources limitées

» Budget encore plus frugal

IRFU/DEDIP/LpIS

JIIN2P3/IRFU 2022
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C22A  COMMENT CA MARCHE

. . Audio Sample Data
> Signal sonore Analogique - -

» Fréquence (entre 20 Hz et 20 kHz) 'WW |

» Echantillonnage
> 44100 Hz

> Se limiter a 8000 Hz ") ’

» Spectrogramme B
> Extraction des fréquences Spectrogram
> FTT [ < 32values > |  m—)

> Probleme de classification
d’images

IRFU/DEDIP/LpIS JIIN2P3/IRFU 2022 Page 3



Cea OPTIMISATION HARD

» Choix de la carte de dev (MCU)

» Arduino Nano Sense (25 € - aujourd’hui 40 € -)
> ESP32 (5€ -MCUa1€-)

» Acquisition
» GY-MAX4466 (2 €)
» Analog

> INMP441 (6 €)
» analog to digital converter
» anti-aliasing filter,
» power management and industry standard 24-bit
12S interface
» Alimentation

» 3.3V (1.2 eninterne)
» Filtrer par capacité

IRFU/DEDIP/LpIS JIIN2P3/IRFU 2022 Page 4



DE LA RECHERCHE A L'INDUSTRIE

Cea OPTIMISATION SOFT

input_1 Input:

[(Mone, 32, 32, 1]] | [{Nene, 32, 32, 1}]

InputLayer | output:

L J
(None, 32, 32, 1) | {None, 32, 32, 1}

normalization inpuk:

Normalization | output:

¥
p2d k-
cane SEME | None, 32, 32, 1) | (None, 30, 30, 32)
ConvZD | cutput: 3 B )
4
convid_1 | input: - I R S S .
. (None, 30, 30, 32) | (Mone, 28, 28, G4)
| Conv2D | oulpul:

max pooling2d | inpul: |

— [ (Moms, 28, 28, 64) | (None, 14, 14, 64)
MaxPoolingZDd | cutput: |

¥
[Mane, 14, 14, 6413

dropout | input:
Uropout | cutput:

(None, 14, 14, 611

¥
(Nons, 14, 14, 64) | {None, 12544)

tlatten | input:
Flallen | oulpul:

Y
{Nene, 12522) | (None, 128)

dlense inpul:

Densze | ouktput:

Y
(None, 128] | (None, 123}"

dropout_1 | input
Dropout | output:

¥

dense 1 | input:

None, 128) | (None, 5)
Dense | output: {ians ons, 2l

Total params: 16,963
Trainable params: 16,963
Non-trainable params: 0

IRFU/DEDIP/LpIS

¥

¥ ¥ TensorFlowl ite

e
The model must be trained with

spectrograms computed with the same 14
code on esp32 MCU m
Optimized Arduino Code to compute FFT .

is compiled into .so and used as tf lib.

Deploy

Model_lite.cpp

const unsigned char model_data[] DATA_ALIGN_ATTRIBUTE = {Ox1c, 0x00, 0x00, 0x00, 0x54, 0x46,
Ox4c, 0x33, 0x14, 0x00, 0x20, 0x00, Ox1c, 0x00, 0x18, 0x00, 0x14, 0x00, 0x10, 0x00, OxOc, 0x00, 0x00,
0x00, 0x08, 0x00, 0x04, 0x00, 0x14, 0x00, 0x00, 0x00, Ox1c, 0x00, 0x00, 000, ,,,,,,,

Arduino Implémentation

TensorFlowLite ESP32 library

JIIN2P3/IRFU 2022 Page 5



Label
stop

avance

recule

droite

gauche

davance

IRFU/DEDIP/LpIS

EXPERIMENTATION / RESULTATS

recule

stop
Prediction

droite

|
gauche

16 1

14 1

Lk

0.8

0.6 1

- 25 04 1

0.2 1

JIIN2P3/IRFU 2022

—— loss
val_loss
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CZ2A Tuto COMPLET

Pour plus de détails et code source :

Tuto ®
http://magroune.net/AloT-Al-Tensori-Flow-Lite-ESP32-

Tuto5.php

Output  Serial Monitor x

IRFU/Service JI IN2P3/IRFU 2022 Page 7


http://magroune.net/AIoT-AI-Tensori-Flow-Lite-ESP32-Tuto5.php
http://magroune.net/AIoT-AI-Tensori-Flow-Lite-ESP32-Tuto5.php
http://magroune.net/AIoT-AI-Tensori-Flow-Lite-ESP32-Tuto5.php

e

Commissariat a I'énergie atomique et aux énergies alternatives Direction de la Recherche Fondamentale
Centre de Saclay | 91191 Gif-sur-Yvette Cedex Institut de recherche
sur les lois fondamentales de I'Univers

Etablissement public a caractére industriel et commercial | R.C.S Paris B 775 685 019 Service




14e Journées Informatiques de l'IN2P3/IRFU

C.DEE

COllaborative DEvelopment
ENvironement for Euclid
spacecraft

< &
euch -

Martin Souchal (APC), Paul Zakharov (APC)




Euclid mission

e Euclidis an ESA medium class astronomy and “Map the geo.m"etry'-and
astrophysics space mission ‘uhdérstand the nature of the

two complementary probes: Weak gravitational
Lensing and Galaxy Clustering

e Euclid will be equipped with a 1.2 m diameter mirror
telescope feeding 2 instruments : a high quality
panoramic visible imager (VIS), a near infrared
3-filter photometer (NISP) with spectrograph

e Launchis planned for 2023

e “Aims at understanding why the expansion of the
Universe is accelerating and what is the nature of the
source responsible for this acceleration which physicists
refer to as dark energy.”

e Theimprints of dark energy and gravity tracked by i D‘ark U n-: /e

Source : https://www.euclid-ec.org/




Comment fédérer des environnements différents?




EDEN : Euclid development environment

e EDEN : Euclid development environment, is the reference environment.
Among others, it defines the coding rules, the operating system, languages and libraries.

e LODEEN : local development environment. It is a virtual machine which implements EDEN
and even

e DOCKEEN : EDEN inside a Docker container

@ ﬁ LODEEN: LOcal DEvelopment ENvironment

] Y &
I N S 1 1 -——-—-__
)2 S

EDEN referential =z

EDEN B




CVMES : CernVM File System

e CernVM-FS s a network filesystem, which you can mount in Linux or macQS via FUSE (Filesystem in Userspace) and on
Windows in a WSL2 virtualized Linux environment.
In some ways it is similar to other network filesystems like NFS or AFS, but there are various aspects to it that are quite different.
e  Read-only filesystem over HTTP
e Developed and maintained by CERN
e The primary use case of CernVM-FS is to easily distribute software around the world

Structure :
- a central Stratum 0
- several Stratum 1
) proxy Servers Local file
- final clients _;::: syhe -
3 perating

(Lodeen/Dockeen/SDCs) ‘g;gg-ir- o

T WHE Applications
S Read-only
access

/@\ Local Site
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(Horizontal scaling) (with CVMFS Clients) SIEDENCY

APC - Euclid SGS system team - ANF CNRS 2021 5



Cl: Deploy on CVMES

CODEEN : COlaborative DEvelopment ENvironment

Run Tests
(Unit, smoke,
Pre-int., int.)

P

Build 4
(Elements) - ¢ ¥ Packaging
Quality check
(checkQuality)

Storage in

gt pull repository

Euclid GitLab

: git push/pull
| |

—=

Quality dashboard ;
Yum repository

L

be

e |

yum install

T I CERNVM-FS
E lui:',%f;f’ ; 1 Stratum 0
. El 1] g _’/
= | LB Nl
e
. g APC - Euclid SGS system team - ANF CNRS 2021

Science Data Centers



Quelques mots sur des outils : Jenkins

Jenkins is an open source automation server. It helps automate the parts of software development related to
building, testing, and deploying, facilitating continuous integration and continuous delivery.

Continuous integration orchestration.

— ~300 projets Jenkins (CODEEN)
S @

Dashboard
dd descr
& New item e
Al o c» cr QENUSSSEN £ Ext  LEY  LES MER  NIR  PHZ  Pipelinedef SDC SHE SIM SR SPE ST WIS 4
& People
= Build History -
- B~ (2]
Edit View
] T~ (2}
\. Project Relationship
= - e
2 CheckFile Fingerprint 2
a T~
External server link : GitLab g 0
e
External server link : SonarQube a e (2]
© External server link : Documentation a» EL_Alexandria 3mo 10days-log NA 13sec (9]
£ Manage Jenking [ EL_ArmayLip 8mo 0 days-log NA )
& My views o EL_Background Smo 13days - log NA £5sec 53}
-
Lockable Resources
- o EL_catalogLib 3mo 27 days-log 53}
BR New View <
o EL_EuclidCatalogLibrary 8mo 0days-log N/A 38sec [*3]
Sulld Queve A o EL_FitsiO 3Imo 18days-log NA 3]
[ EL_imageLid 8mo 0 days -log NA 37 sec 2


https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/Software_development
https://en.wikipedia.org/wiki/Software_build
https://en.wikipedia.org/wiki/Test_automation
https://en.wikipedia.org/wiki/Software_deployment
https://en.wikipedia.org/wiki/Continuous_integration
https://en.wikipedia.org/wiki/Continuous_delivery

Quelques mots sur des outils : Nexus

A software repository is a storage location for software packages. A software repository is typically managed by
source control or repository managers.
NEXUS : software repository developed by Sonatype

« EDEN referential and Euclid software stack packages. N exu S

e a Q C e ; aboizard (W Sign out

Sonatype Nexus Repository Manager
0SS 3.34.1-01

5 Browse Browse assets and components

QO Welcome ¥

* Q Search Name 1 Type Format Status URL Health check 1Q Policy Vi...
& central proxy maven2 Online - Ready t... [@copy]| Loading... >
{1 conda-euclid hosted raw Online (@ copy | Loading... >
L. Upload & conda-forge proxy conda Online - Remot... (@ copy | Analyze Loading... 4
conda.raw.eden... hosted raw Online (@ copy | Loading... >
docker-reposito... hosted docker Online | copy | Loading... >
| el7eden.21 hosted yum Online | @ copy | Loading... >

el7eden.21.DEV  hosted yum Online | @ copy | Loading... >


https://en.wikipedia.org/wiki/Package_format
https://en.wikipedia.org/wiki/Version_control

Quelques mots sur des outils : SonarQube

SonarQube is an open-source platform developed by SonarSource for continuous inspection of code quality to
perform automatic reviews with static analysis of code to detect bugs, code smells on 29 programming languages.

 Euclid tool for quality dashboads SOnarQUbe\\\

— base for maturity level attribution.

sonarqube Projects ssues Rules Quality Profiles Quality Gates

+ AB

All Perspective: | Overall Status - Sort by: Name - [l Q 1558 projects &
Fllters
¢y Alexandria_2.17.0
Quality Gate Last analysis: September 22, 2020, 3:24 PM
462 | °Q °Q 335 @ O 56.0% O 0.0% 6.9k @
ile 1.1k | ] & Bugs © Vulnerabilities & Code Smells Coverage Duplications C++ (Community)
Reliability ( # Bugs )
’k ¢y Alexandria_2.17.1
67
2 Last analysis: December 7, 2020. 2:30 PM
429 j
2 1@ A 335 @ O 56.0% O 0.0% 6.9k ©
= 29 & Bugs © Vulnerabilities & Code Smelis Coverage Duplications C++ (Community)


https://en.wikipedia.org/wiki/Open-source_software
https://en.wikipedia.org/wiki/SonarSource
https://en.wikipedia.org/wiki/Software_quality
https://en.wikipedia.org/wiki/Static_program_analysis
https://en.wikipedia.org/wiki/Software_bug
https://en.wikipedia.org/wiki/Code_smell
https://en.wikipedia.org/wiki/Programming_language

OpenStack : CCIN2P3

e Instance Openstack CC IN2P3
e Déploiements de services via terraform + ansible
o Terraform:création des instances openstack
o Ansible: configuration de 'os
e Osdéployés:debian 11 et centos 7 (passage a rocky 9 en

cours) ANSIBLE
'
Vue d'ensemble
Synthése des Quotas
Compute
Instances VCPUs RAM
Utilisé 43 sur 90 Utilisé 113 sur 180 Utilisé 195,8Go sur 390,6Go
Volume
Volumes Instantanés du volume Stockage de volumes
Utilisé 35 sur 50 Utilisé 0 sur 5 Utilisé 8,8To sur 9,8To

10
Réseau



Les deux infinis

Development of a framework based on PyTorch Lightning for
training Graph Neural Networks (GNNs) for tracking

14¢me Journées Informatiques IN2P3/IRFU (14-17 novembre 2022)
Sylvain Caillou
(On behalf of L2IT « Computing, Algorithms and Data » Team)

L2AT

Laboratoire des 2 Infinis - Toulouse (L2IT-IN2P3), Université de Toulouse, CNRS, UPS

14eme Journées Informatiques IN2P3/IRFU 1



Context

—> Geometric ML have become one of the hottest fields of Al research
= Increasingly popular for a large number of LHC physics tasks
—> GNNs perform pretty well to learn geometric pattern of particles tracks

ARTIFICIAL
INTELLIGENCE

Collaboration L2IT & ExatTrkx -~ A L2AT BB CERKELEY LAB
—> Construct a GNN-based track reconstruction algorithm for ATLAS Itk

Graph Neural w Connected

R i Network " 2
Learning Q ﬁ? cowor N "# Components
r‘_’ . L s
'/ P -~ N
Module N‘, ‘ " '“""%:x ?%; Connected
)
Map » ok L Components

+ Walkthrough

K

His Srah Graph — edge Scores p— Track Canidates B alassmanan s 4y
Construction Labeling Segmentation % .1_157 i‘:':AI::;"M‘:?:ZDD'p"mmssmmSWWMMMGev 7 % §
— First results on ITk published in 2022 more than encouraging &, Tl e
—> GNN-based algorithms now appear as competitive solutions P T -
= Put into production (ACTS) for the HL-LHC SR LR SRR N |

p; [GeV]

ATLAS ITk Track Reconstruction with a GNN-based pipeline, C.Rougier et al., CTD 2022
Graph Neural Network track reconstruction for ATLAS ITk , D. Murnane et al., IML 2022

14éme Journées Informatiques IN2P3/IRFU 2


https://cds.cern.ch/record/2815578
https://cds.cern.ch/record/2809518/files/ATL-ITK-SLIDE-2022-119.pdf

Proven models and

Motivation
Python /\ C++

ML R&D in HEP take a LOT of time and (GPU) resources R&D Feedback Production
CommonFramework Cycle Athena, ACTS
« ML R&D: Models and hyperparameters exploration
* Data: Complexity of the simulated detector data in HL-LHC condition \./
(Pythia + GEANT4 + ITk geometry) ooyl

* (International) Collaboration:
Do we speak the same language (share the same semantic) ?
* Data format
* Experimental conditions
* Performance metrics definition & implementation
* Reproductibility: Lack of traceability of experimental conditions
e Software quality: Messy idea implemented, no documentation, no test, etc...

— Get faster for research

Improve the process => save some R&D time
P P — Use less (GPU) resources and do more sober R&D

—>Need to develop of a common R&D framework

14éme Journées Informatiques IN2P3/IRFU 3



gnnd|Tk common framework (developped with D. Murnane, LBNL)

Modularity: Pipeline divided in stage
o fosures Each stage can include several models
e o It can be train or infer or evaluate
Share the same evaluation method

arnin,

"l
Graph '.,‘ ﬁ
Construction A % .ﬁ
EventReadi - +
ventReading GraphConstruction ','{ > \
77 ’
> Graph
(=
5 Athena .cE» Module
) S Reader =
Hits 2 ™ }g AAc’p
Events (csv) % E
R o 2
-i g PyLightning
. = _> -o
|Conf|§ (yaml) (<] 5
. .g £ Metric
= ';:_.’ Learning
Config (yaml)j> onfig (yaml)

Traceability of experimental conditions I\ I

gai-train

Graph Neural
Network

ﬂlso try to:

14éme Journées Informatiques IN2P3/IRFU

Edge
Labeling

EdgeClassification

Truth and weight building

PyLightning

Filter

PyLightning

HomoGNN

PyLightning

HeteroGNN

Edge Scores

-

- Be Easy to use

\

- Be clean (keep messy

dev & random ideas

out of the repository)
- Be well documented

- To Include Test

J

Components
or
Connected
Components

+ Walkthrough

Graph
Segmentation

Track Candidates

N{E each stage output



Next steps...

* Reproduce performance on approval dataset
* Use the framework (and no more home code) for the next studies
* Plublish it with open data demo

* Towards a common platform / tools for Geometric ML R&D in HEP ?



DE LA RECHERCHE A L'INDUSTRIE

Frugalite
dans un contexte HPC
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Edelweiss | HESS.

Double:Ghooz.. ALIGELN™\
Déchiffrer les rayons de I’Univers

P-F Honoré
Mercredi 16 novembre 2022



C2A LEs OuTILS

Nos salles : Grif+HPC+interactif
PLUS GROS CONSOMMATEUR DE L'IRFU, ET DU CENTRE

Réduction des colits = diminution de la consommation
Economies : combien et quand ?

Relevé des compteurs TGBT :
« cartographie de la distribution électrique

 initialement pour calculer PUE

IPMI permet acces Sensor Data Repository :
e puissance consommee, courant PDU
- verification avec pince amperemétrique

IRFU/Dedip JI—16/11/22 Page 2



CZ2A JE BAISSE

Tres limité pour un cluster HPC :

« C6525 architecture pour produire SpecInt/SpecFP
« 2 AMD 32c + 16x16G + IB 100Gb/s > 400W

« Jusqu’a 2x 4A pour les PDUs

Faire les bons choix a l'achat :
« Power Efficiency "How To” for Dell PowerEdge

Optimisation possible mais dangereuse pour les jobs
MPI multinceuds :

- Adaptation de la frequence :

BIOS MODE PERFORMANEE -> PERF-PER-WATT
GOVERNOR SCHEDUTIL

IRFU/Dedip JI—16/11/22 Page 3


https://i.dell.com/sites/doccontent/shared-content/data-sheets/en/Documents/power-efficiency-how-to-13g-servers_030216.pdf
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C2A JETEINS

Slurm permet d’activer un « SuspendTime » pour
éteindre les nceuds inutilisés :

- Efficacité depend de la charge

« Souple :
SUSPENDPROGRAM
RESUMEPROGRAM

Eteindre ou
réduire la consommation en IDLE ?

IRFU/Dedip JI—16/11/22 Page 5



CC2  JE DECALE 7%

Passer les pics de consommation

Bios permet « Power Capping » : conso globale -25%
clock / 6 => HS06 / 6 => consommation / 3

GROUPES_FROID 20.4 kW
= CALCUL 148 kW

IRFU/Dedip JI—16/11/22
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RI®

RI3 : présentation

» Regroupe les informaticiens de I'[N2P3 et de I'lRFU (~280 inscrits sur la
mailing liste)

» Partenaire des fédérations des réseaux meétiers RESINFO et DevLOG

» Soutien financier IN2P3 et IRFU



RI®

RI3 : présentation

» Comité de Coordination du Réseau (CCRI)
« Une quinzaine de personnes (reunion mensuelle en visioconféerence)
* Représentants de la plupart des laboratoires
« Organisation et suivi des actions

» Interaction avec :
* Le Centre de Calcul
* Les Chefs de Service des laboratoires
« La formation permanente
» La direction de 'IN2P3 (DAT, DAS « Calcul et Données » )



RI®

RI3 : Vie du réseau

» Moyens de communication
» Liste de diffusion : ri3-l@in2p3.fr
« Site web : https://ri3.in2p3.1r
« Site TECH-NEWS : https://tech-news.in2p3.fr

» Actions récurrentes
« Journeées Informatigue (bisannuelles)
 Ecoles Informatique (ANF annuelle)
 Webinaires
e Groupes de travall



https://ri3.in2p3.fr/
https://tech-news.in2p3.fr/
http://informatique.in2p3.fr/?q=ji
https://ri3.in2p3.fr/ecoles/
https://ri3.in2p3.fr/webinaires/
https://ri3.in2p3.fr/presentation-du-reseau/groupes-et-cellules/

RT RI3 : Groupes de travail

» Securité informatique IN2P3

Animation : Guillaume Philippon (IJCLab), Benoit Delaunay (CCIN2P3)
» Active Directory/Windows

Animation : Céedric Muller (IPHC).

» QUASAR (Qualité)

Animation : Olivier Brand-Foissac (IJCLab)

» CEPH

Animation: Sébastien Geiger (IPHC)

» Services collaboratifs : cloturé

Animation : Jean-René Rouet (CCIN2P3)



RT3 RI3 : Activités & événements 2022 (1)

> Ecole informatique : « Mettre en place et maintenir la SSI dans son unité »
5-9 septembre (La Viellle Perrotine, Centre CAES d’Oléron)
Porteur du projet : Guillaume Philippon
https://indico.in2p3.fr/event/26597/

> Rencontre CCRI
5-6 octobre au L2IT
-> Techinaires

» Journees informatique 2022
14-17 novembre (Domaine du Port aux Rocs, au Croisic)
https://indico.in2p3.fr/levent/27495/



https://indico.in2p3.fr/event/26597/
https://indico.in2p3.fr/event/27495/

RT3 RI3 : Activités & événements 2022 (2)

» Webinaires
Trois sujets en 2022 .
Quantum Machine Learning (12 mai - https://indico.in2p3.fr/levent/27187/)
Retour sur la conféerence GTC de Nvidia (17 juin - https://indico.in2p3.fr/event/27394/)

THINK : Testing Hardware Instanciations of Neural networK (28 octobre -
https://indico.in2p3.fr/levent/27890/)

Webcast : https://webcast.in2p3.fr/container/ri3

» Site du RI3
e https://r3.in2p3.1r/
* Finalisation du nouveau site
« Sélection et transfert des données de I'ancien site vers le nouveau



https://webcast.in2p3.fr/container/ri3
https://ri3.in2p3.fr/
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