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SWLEIL

SYNCHROTRON

Our group

* Groupe de Reduction et d’Analyse de Données Expérimenl ‘
de SOLEIL (GRADES). Created in Feb 2020, in the EXP Div.

* Help beam-line users and scientists to better treat the data and
Increase the scientific output.

Emmanuel Frédéric Olga Anass Stéphane Majid Gamil Lucia Aurélien
(LEAPS- (BIG-MAP)  (Student)
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samples, Debian, McXtrace HDF5
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s LElL. - Beamline support take-away

Absorption spectroscopy [Olga,Lucia] 8 rock_img_1-binning-preview ipynb T
¢ NOthOOkS (ROCK SAM BA LUCIA) & rock_img_2-deriv-align-preview.ipynb T~
. i} & rock_img_3-normalization-preview.ipynb
lefraCtlon [Fred’ Olga] & rock_img_4-align-normalize-all.ipynb
* BINoculars, Notebooks (MARS, DIFFABS) S o
& rock img_5-extrexafs-preview.ipynt . /’I
MX [Fred] .

» DIALS, auto-processing/ISPYB (PX1/PX2a)

Ptychography [Fred, Emmanuel, Anass]
* PyNX (HERMES, SEXTANTS, CRISTAL), segmentation for HeloBio

Al IML [Anass, Olga]

* Tomography Al filtering/reconstruction/segmentation (ANATOMIX,PSICHE)

* SAXSIXRD Al classifier to guess best model and space-group resp. (SWING,MARS)
* ARPES denoising into NAVARP (CASSIOPEE)

* SAXS model tertiary structure with Dadimodo (SWING)

Beam-line end-to-end simulation (McXtrace) [Steph, Emmanuel, Aurélien]
* Abs Edge modelling and glitches (ROCK), VUV spectrum (DISCO), IXS S(q,w) dispersion (GALAXIES), tomographyNTOMlX),
MX (PX2a)

Data Compression [Gamil, Majid]
* LEAPS-INNOV: data compression (I1z4,zstd,hdf5plugin)

 ExPaNDS/PaNOSC: data management (within IT Strategy group)
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GRADES main tasks

Overview of our strategy
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SWLEIL

" GRADE-One 2020-2023

8.5 man.year effort initiated in Feb 2020 - 2023

Task

Computing resources

Documentation

Scientific Apps (requirement capture)
Cloud infrastructure (web, VM)

Cloud services (Jupyter/DARTS, VISA)
Automatic processing

Treatment traceability

Maintenance

Collaborations (PaNOSC/ExPaNDS) VI
1A

Scientific Apps (coding)

Total

Completion

[ 2020]

[ 2021 [ [

2022 [

[ 202

100,00 %o
100,00 %o
86,00 %

grades-01 (proto) |re-grades-01 (int) 192c/2TB/9GPU

on gitlab / Confluence

25 beam-lines out d¢f 29

100,00 %o

[Jupyte QEMU

re-gragies-02 (ext) 2

100,00 %o

100,00 %[

0,00 %
100,00 %
50,00 %o
50,00 %

to OpenStack/VIs

56¢c/21

within IT Upc

rade (SPT2-4-6)

ing [N

I

100,00 %

80,55 %

=

We are here
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JupyterHub ovich
SOLEIL https://re-grades-01.exp.synchrotron-soleil.fr/notebook g

SYNCHROTRON @

https://re-grades-02.exp.synchrotron-soleil.fr/notebook/ ..o woreto

import matplotlib.pyplot as plt
plt.plot([[©,0],[1,11], linewidth=4, label='diagonal®}
plt.show()

Figure 1
SOLEIL JupyterHub Sign in

1.0 A

This service provides an access to Motebooks.
Sign in with your EXP ID (LDAP). [ HELP ]
Username:

0.8 4

farhie 0.6

Password:
0.4
1 o= | 3

pliquer des actions
0.0

0.0 0.2 0.4 0.6 0.8 1.0

-
3 Documents - -« > ‘{. (] x=0.994335 y=0.776488
O Images Julia
03 Modéles MATLAB

Octave
O Musique Bython 2

[ Public

Python 3
3 ruche R
o tmp Other:
Fichier texte

(3 Téléchargements Rperionre D I . .

D Vidéos Terminal .
eployment in minutes

& test-ipympl-bokeh-ipyvolume.ipynb 2 days ago 30.8 kB G U

& test-ipymplipynb AcceSS to P S .

2 days ago 4.24 kB

R 31 minutes ago  21K8 Access to the Ruche.

& Untitled.ipynb 18 minutes ago 27.9kB

LY —— e Many libraries.
[ cudnn-9. 2-linux-x64-v7.1.tgz 4 months ago 421 MB
[ img.png 2 days ago 235 kB
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SOLEIL

Jupyter Notebooks for ROCK

SYNCHROTRON

Y
jupyter O. Roudenko

“=” 5 notebooks

& rock_img_1-binning-preview ipynb
& rock_img_2-deriv-align-preview.ipynb
& rock_img_3-normalization-preview ipynb

& rock_img_4-align-normalize-allipynb

O000a0

& rock_img_5-extrexafs-preview.ipynb

Cube 1: Approx absorp. map
HF719973OUCP7vhumidejaceiR0I—620—0—1000—748jv120ﬁ00001.h5

Derivatives before and after alignment: cube 1, ROI = (0, 8, 1000, 740) and binned 10 x 10
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SWLEIL

SYNCHROTRON

(batteries)

Jupyter Notebooks for BIG-MAP

40_ -
A = = = = ey 14
jupyter Data_i aggregation a.nd visualisation for e | s
N’ multitechnique experiments (e.g. XAS + Ny 5
- = i -r 10 w
electrochemical cycling) = P &
L. Perez h : e 0 &
Chemometric methods (PCA and MCR-ALS) to F2og, ... e
. . £
2 notebooks resolve chemical constituents \_\ o £
10
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.| 83476 ’i“ﬂ i - 3 0 T T -
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Data Analysis Remote Treatment Service

ps://re-grades-01.exp.synchrotron-soleil.fr/desktop
https://re-grades-02.exp.synchrotron-soleil.fr/desktop/

SWOLEIL py

SYNCHROTRON

Data Analysis Remote Treatment
Service (DARTS)

This service is a data analysis portal that allows to create a remote desktop to treat
your data, in the cloud. You can tune the type of system you need. It will be
displayed in your browser, without any additional software for you to install.

,prz

g

ear Anaize window
B oo A N A[a] ™| a] omfse]uwr

File image  Process Plugins

k 2o switch)

-recranglex. roundad rect or ratated rect

File Edit Group Values Plot Mark Data Merge Analysis

Settings Help

=k Project I
Read more on our HELP page. i o B -
NOTE: From SOLEIL Network, please use Firefox with "auto-detect” proxy (Top-right menu, = PyMca - [Main Window] -
Preferences, search for "proxy" (top right), select Network Settings, choose "auto-detect"). It is also T —— Sl
important to inactivate any JavaScript blocker plugin. =Y = fance: [
o [ " o= fional parameters
“lale[~[C A R S A ™ S
User 1D [rome ] :
200 ROI mall_
s Command Foints nb. vica 3 -
Password seesenes £ )
] | |
By pressing the Create button, you agree with our Terms S 25 ]
and Conditions (%) Manage sessions ° =
o % o0 50 100 F
s 5 || options x:\ e —
- . Calibration None ~ | Calibrate vl Ploting opti
Machine Data Analysis (Debian 11, stable, "Utilisateurl”) ~ EEONEE] ca lactive Curve Usesa:0 B ==
No MCA for the selected scan s e ac - ] [ sl ) s e s
ROt of XXHOOIOTX - mu(E) ~
Configuration script Path or URL to a single file or ‘e; nd1 ROI Type From To_Raw Counts Net Counts | Bl
©opt) [EEECE TR e i pro-edge lina
_i post-edge line
Number of CPU's 4 ~ g gulfna‘ljzed -
Auto oFF v Auto ADD Auto REPLACE £t Duifvasive, -
300n 200n Force MCA Emin: [200  Emax: [800
Amount of memory 4GB ~ E
0D RemovE REPLACE B
You may request a physical GPU to e.g. run hea Add RO1 | Delete RO | _Reset Load Save
Compute on GPU (opt.) computations (not for display). The tools and libraries you debia

wish to use should have been designed to benefit from such
devices with e.g. OpenCL, CUDA, OpenACC, ROCm/HIP. Do
NOT request a GPU if you do not actually use it. as their
number is limited.

Data Analysis Remote Treatment Service:
Debian-unstable-2022-10-19.gqcow2

P
G

as session gemu-web-desktop_QxQGeukn
tron-soleil fr:6001

).
-10-19.qcor
1 mch.

[OK] Using multiple
[OK] Creatin,
[OK] Connect to your machine at http:
mc.html?re —t 2token=rc3dhYHX.
[OK] You can use your machine until Tue Oct 25 21:45:49 2022.

login session (reconnect/share
hot from Deb ble-2022

Hello farhie !

Your machine gemu-web-desktop De] stable-2022-10-19.qeow2 has just started. Click on the following

link.

DARTS is simple and efficient.
Minimal maintenance, fully
configurable.

conmeer() | smane

« You can close the browser and reconnect any time (within life-time) with the link above.

« Select the [Manage sessions] item in the service login page to list, reconnect or abort your sessions.

« You can collaborate in the same session with your colleagues. Just send them the link above.

« Please the i (do not just logout or suspend).

« The virtual machine is created on request. and not kept. Your work must be saved elsewhere (e.g.
mounted disk, ssh/sftp, Dropbox, OwnCloud...)

this session, clic]

NOTES

Deployment in minutes.
Scalable.

OR code.

Access to GPUs.

Access to the Ruche.
Access to JupyterHub area.
Open-source/Debian.

100+ of sci software in VM

March 2023-GRADES-IA
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S S

LEIL GRADES services availability

YNCHROTRON

GRADES
Internal use (ReS)

(prototyping)
Since Sept 2020

grades-01

e e

W

SOLEIL
on-site
(BL, offices...)
Since Nov 2021

re-grades-01.exp

SOLEIL
Target: off-site
(BL, offices...)
Since Feb 2023

re-grades-02.exp

l 130TB work area

Ruche

<

576 CPU threads, 4 TB mem, ~200 TB disk, 17 GPU’s

Our current resources are dimensioned for up to ~50 users.

March 2023-GRADES-IA



SOLEIL DARTS/JupyterHub at SOLEIL

YNCHROTRO

We pushed ~90 scientific software packages into Debian/Ubuntu.
https://salsa.debian.org/pan-team/soleil-packaging-overview

(SAXS: Foxtrot, SasView, PySAXS, DENSS, BioXTAS-RAW, ATSAS , cSAXS Ptycho, SAXSGUI(matlab) \
XRD Diffraction: Pyfai, Dioptas, FullProf, XSOCS
MX: ADXV, Relion, AlphaFold, XDS
Cryo-EM: IMOD, SIMPLE
Surface/Reflectivity: GenX, BornAgain, Binoculars
Ptychography: PyNX, Gwaihir/BCDI, cSAXS PtychoShelves/Matlab
Absorption: Fastosh, Xray LARCH , Artemis/Athena , FEFF/IFEFFit, FDMNES, MCR-ALS (matlab)
XRF fluo: pymca, Mantis-XRAY, XrayLib
Multi-spectral: HyperSpy, Mantis-XRAY, ParaView, Mayavi2
ARPES/XPS/PEEM: Axis2000, NavARP, ARPYS, PylmageTool
RIXS/IXS: XRSTools, codes DFT, Quanty/Crispy
IR spectroscopy: Orange/Quasar, SPView
Imaging: Fiji/lmaged, Mantis-XRAY, silx view, pymca, Gwyddion
Tomography: PyHST2, UFO, Orange/Tomwer/Nabu, astra-toolbox, IMOD
Simulation: McXtrace, Orange/OASYS , XRT, MuMax3, GEANT4, codes DFT/MD
Qor all: Jupyter, pip, conda, Silx, Fiji, Matlab, Labplot (Origin), Code::Blocks, VSCode, ...

DARTS software

We also provide other environments :
*. Reduced env as take-away
*. Windows 10 (with Igor pro, Crysalis, CasaXPS, OPUS, ...)

Available for all beam-lines at SOLEIL

Synchrotron.
March 2023-GRADES-IA
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https://salsa.debian.org/pan-team/soleil-packaging-overview

SCLEIL What is Al ?

Any methods that mimic an “intelligent” behaviour (Al = Artificial Idiot).

Old-style AI/ML.

problem optimisation, decision tree (PCA, k-means), advanced signal processing.
New-style Al:

Deep learning — neural networks with billions of parameters, to “fit” a problem.

* Training = store knowledge in the neural link weights (the “memory”), output - input
* Inference = use the neural network, input - output

Implications:
1) Everything outside the “training” will fail.
2) The training data set must be huge and the “output” must be well defined.

—

Where neural networks really work: ‘ W G
* Image processing (image - image, e.g. denoising, segmentation) (
» Classification (image - ID of a class, e.g. “this is a cat”)

* Decision tree (data correlation - “close” objects, e.g. chatGPT)

March 2023-GRADES-IA 12



SWLEIL Al applicablility to X-rays
Al methods can be used for some automatic pre-processing tasks.
Denoising (remove Poisson-noise), help further data treatment and compression.
Beam-time optimisation (find best configuration).

Classify data sets — requires large training sets and associated classes.
e.g. estimate space-group, XAS/fluo element, SAXS model

can also use simple clustering (PCA, k-means, ...)

Correlate some data sets with others (similarity, extrapolation).

Chatbot to help scientists at 3 am, or provide tips for on-going experiments.

March 2023-GRADES-IA 13



S L EILA. Bellachehab

SYNCHROTRON

Al/ML activities (1/2)

Evaluate the applicability of modern Al techniques for our data sets.

N U
o

Tomography

3D vol reconstruction
3D vol segmentation

% PyHST2

N v/

Q
< SAXS
DL/CNN
Predict initial SASView model
from exp. Data I(q)

) v

Q
© ARPES
DL/CNN
De-noise (hk,w)
Integration into NAVARP

v 1L EW
SAXS U 0<2° U
Genetic Algorithm XRD
Refine tertiary model DL/CNN

W|th flexible proteins
Dadlmodo

Predict space group
from exp. data

Q\)
©)
Accelerator
Build approx stability model

from MOGA-ELEGANT
To speed-up Upgrade est.

March 2023-GRADES-IA
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SOLEIL Al/ML activities (2/2)

Evaluate the applicability of modern Al techniques for our data sets.

N
OQ @Qo
FYINETE L EalT Proteinp‘tlcleor?ig::o;?ructure
Generic Al Generic ML y
Allphanld 2
PyTorch | eewm
Q\) OQO OQO
ChatGPT / LLaMa I di
Al chatbot LIELEnIY : A‘é n
for late evening help Image segmentatlc_)n Image denoising
3D volume analysis (any 2D detectors)
no one around ?
Aydin

https://confluence.synchrotron-soleil.fr/display/EG/Denoising+methods ;. . 2003.GrADES.IA "


https://confluence.synchrotron-soleil.fr/display/EG/Denoising+methods

SCLEIL Train Al with digital twins

Getting training data sets is an issue.
We have plenty of experimental data sets, not annotated.

A solution:

1)build a digital twin,

2)use it to generate annotated data sets
3)train a CNN with that data

Example:
* Abasic SAXS (McXtrace) with a set of sample models (SASView)
* An XRD BL (MARS, McXtrace) with a set of diffractograms (CIF)

McXtrace 2023 school

March 2023-GRADES-IA
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https://indico.synchrotron-soleil.fr/e/mcxtrace2023

SELElL Upgrade TDR IT /1A >:EEL

SPT6.1: Etude des applications IA pour SOLEIL
* Etat de l'art.
* Recherche de besoins des lignes/accélérateur pouvant étre réalisés.

BL : Le GRADES expérimente en continu des méthodes/logiciels et les met a disposition.
SPT6.4: Exploitation des données scientifiques

* Recensement des usages sur les lignes.

* Plan de déploiement de logiciels pour les lignes.

BL : Le GRADES continuera ces actions.

SPT6.5: Simulations / jumeaux numériques
« Développements d’'outils de simulation “bout-en-bout” (assemblages).

BL : Le GRADES développe McXtrace (ech. absorption, fluorescence, inélastique, diff...).
BL : Le GRADES met a disposition des moyens de calcul et des logiciels de simulation.
March 2023-GRADES-IA 17



SOLEIL Things to improve

Our services have a limited bandwidth: 400 MB/s — - Ruche
* IT will somehow remedy to this.

DARTS was not as stable as today mid-2022.
* Now solved.
* But as any IT service, we sometimes need to perform maintenance operations.

Computing capacity was limited.
* Now provide more computing power (incl. A6000 48 GB GPU).

Some software may not work properly, or is unavailable.
* We maintain 100+ software. We do our best. Please tell us !

March 2023-GRADES-IA
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SCLEIL Perspectives

The GRADES will continue to deploy the software required by the BL.

This includes providing hardware resources (GPU), libraries, services, fed by
continuous BL requirement capture and support. Al is part of our job.

Al tools are spreading among our lives. Soon, ChatGPT will be everywhere.
Beware of the limitation

Soon to arrive in DARTS:
TensorFlow

Weka

Scipion

DragonFly (- in W10 VM)
SAMSON-Connect (- in W10 VM)

And more SOLEIL beam-line McXtrace models with samples:
* 4D crystal IXS sample (currently only 2D) — DFT/MD
« ARPES/XPS sample approximate (2D/4D) — DFT/MD

March 2023-GRADES-IA
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SWLEIL DARTS and VISA

YNCHROTRON

(PaNOSC/ExPaNDS)

2020-2023 Beyond 2023
VM's — We keep desighing VM’'s — » VM’s
DARTS — i
—» VISA
JupyterHub
e~ P OpenStack
re-grades-02

IT services will provide:

* Authentication

* Access to data (Ruche and Homes)
* Network/storage performance

Software packaging is essential: minimize maintenance, ease deployment, benefit to the World.

March 2023-GRADES-IA
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