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Goal of this presentation

Demonstrate how the ESRF handles
Increasing data processing challenges with
a “meta workflow” approach.
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DATA PROCESSING CHALLENGES

What are the data processing challenges?

1992-2018

Produce Unique Data

2020-present

ESRF-EBS
Extremely Brilliant Source

Produce Unique Results
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DATA PROCESSING CHALLENGES

What are the data processing challenges?

A Plateau in scientific output while data volume increases A

Publications | | | | I |
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. DATA PROCESSING CHALLENGES

First Experiment Publication

ESRF .. ® ESRF se

Timescale of months at best, often one year or more

Steep learning curve for new users from a wide range of scientific domains
Growing the synchrotron community has reached its limits

gen
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. DATA PROCESSING CHALLENGES

Publication

ﬁ Yﬁ@" —>¢@ll—>?§

ESRF EBS gl.ll 1
>

Timescale of minutes/hours

#—= Visualize the experiment for humans, not the way X-ray detectors see it
#—= Produce domain specific results when possible, X-ray results when necessary
= |ntegrate scientific software in the experiment (acquisition control system and data portal)

i
......
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DATA PROCESSING CHALLENGES
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#—= Visualize the experiment for humans
#—= Produce domain specific results when possible
= Integrate scientific software in the experiment

Attempts at the ESRF to do this are domain or beamline specific.

For example the Structural Biology Services at the ESRF (e.g. macromolecular crytallography)
allow for completely automated experiments.
» custom designed workflow system that orchestrates the experiment and data analysis

* ISPyB based Laboratory Information Management System (LIMS) combining sample tracking

and experiment reporting

Other attempts are all beamline specific with custom software.

= reinvent the wheel for every beamline

= no shared tools or technologies

= very labor intensive

= relies on a single expert per project (knowledge leaves when they leave)
= no professional devops (users cannot run the software at home)
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DATA PROCESSING CHALLENGES

&= Visualize the experiment for humans
#—= Produce domain specific results when possible
= |ntegrate scientific software in the experiment

We needed a domain and beamline agnostic solution with the following properties:

« easy to install (runs everywhere from laptops to clusters)

» reproducible data processing (executable data provenance document saved with the
results)

« modular (share common data processing steps, e.g. SAXS - WAXS, XRF mapping -
XRF tomography, needs to evolve with the state-of-the-art)

* interactive vs. non-interactive

« different types of interfaces for humans and machines (GUI with plots and buttons,
job scheduling on a cluster, web service)

» scientific software (often in python) needs to be integrated, not re-written

* can be provided as service of the facility maintained by a group, not reliant on

individual experts
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DATA PROCESSING CHALLENGES
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&—= Visualize the experiment for humans
#—= Produce domain specific results when possible
= |ntegrate scientific software in the experiment

A workflow-based solution was chosen for the ESRF because

* A workflow is an executable data provenance document.

* It encapsulated the decisions taken by an expert so the learning curve for non-
experts is less steep: “how do | use this workflow” not “how do | process this
diffraction data”.

« A workflow can be reused to process other data (the “R” in FAIR).

+ Workflows can be developed by experts and maintained and deployed by the

facility.
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. META WORKFLOW SYSTEM

There are hundreds (yes, hundreds) of workflow systems

None have all features

* Graphical interface for desktop

* Interactive execution

» Parallel execution

» Distribution on a compute cluster

* Support for loops

* Python can be easily integrated

+ Web service to manage and execute

SEETKE

f"-f )} MO - workflows
\ ' K | OW Workflow execution without the need
ANGUAGE _ Ga|a @ for infrastructure
xy DAGSTER
S
- " PREFECT PYPUSHFLOW
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. META WORKFLOW SYSTEM

Meta workflow system: isolate the workflow definition
and implementation from the workflow system

Apache
Airflow EWOKS
ESRF Workflow System
Desktop GUI https://ewoks.esrf.fr
RAP ' DS » Project started in July 2021. Stable since
APACHE& January 2023.
SpQ K » 6 core developers in 2024

« Ewoks workflows are published under
0§> RAY the FAIR principles so the ESRF is

[f DASK committed to long term support.

COMMON + Despite the name, nothing in the design

WORKFLOW Parallel + cluster makes it ESRF specific.
S @  MIT License
= Galaxy - Workflow systems currently supports:
DAGSTER « Orange: desktop GUI
= » Dask: parallel + cluster
= " PREFECT PYPUSHFLOW «  Pypushflow: parallel + loops

Supports loops
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EWOKS tasks to be used in workflows are reusable and searchable
https://ewoks.esrf.fr

ESRF Workflow System Getting started Tasks catalog Related projects Press

# > Tasks catalog

Tasks catalog

This page lists the tasks provided by the ewoksapps. Each of these tasks can be used in an Ewoks workflow.

A 25 beamlines use Ewoks to process their data!

Discover 362 workflow tasks below or use the search box

Tomography SAXS/WAXS
23 BM05, BM18, ID11, ID16B, g2 BM02, ID09, ID11, ID16B, ID31
ID17, ID19
£} 20 tasks
£} 38 tasks
Fluorescence Dark-field Microscopy
£3 ID16b, ID21 22 1D06, ID11
£} 11 tasks £} 16 tasks

Spectroscopy

£5 BM23, ID24

4} 20 tasks

Imaging

£Z 1D16b, ID21

1} 4 tasks

Iiil

Q, Search
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In production “‘ ’ ’

The European Synchrotron ’ ESRF



Typical setup for online data processing at the ESRF

Acquisition Execute EWOKS workflow on fl‘,'sg _ o
control system * local machines (immediate feed) @ Visualization
(Bliss, Daiquiri, MxCube) . Compute cluster

Persist result for
further analysis

diagnostics

D * —_
3 clibration é o

N :
’ Data portal
(FAIR results including the

workflows with DOI for
publication)
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Diffraction (SAXS/WAXS): convert synchrotron data to traditional power diffractograms

/1.1/measurement/p3[0, :, :]

T T T T T T T
200 400 600 800 1000 1200 1400

DECTRIS

EIGERR
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images + metadata
(flux, energy, geometry)
calibration (pyFAl)
integration (pyFAl)
save (HDF5)

!!!!!!

integrate_2th

Data Portal

ESRE

Investigation

i= Datasets

Edab!e Accessnble Inleroperable Reusab\e
9%
/O % S %

Data Logistics = Instruments i Q -

14 (26/07/2023 on 1D31

_ Page 1of2 Items 1-20 of 33 Show20

(O
O
o diagnostic
e
.
infq.z fgader =
2 o
=27
save_q
rugis
el 75
&
save_2th

t 000l Dhst # <3600
260772023 Energy 73.00
132343
A0 X
End 260772023
132837
1@

B /datatisitor/im114/id31/202307 26/RAW_DATA/ESRF_DN_16/ESRF_ DN_16.0001 e N0 00T R

Further analysis to be brought online in the future

:
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Diffraction (macromolecular crystallography): Automatic structure solution from single-crystal diffraction

Edame Ao;essnble Inleroperab!e Reusab\e
[ ) 4
/o &' L

@ 03/2 i Summary 2 \cquisil a9 | topr ng 7 | Workflow s | asing | 10

Path: [@ /data/id30b/inhouse/opid30b/20240306/RAW_DATA/Sample-8:2:16/run_03_MXPressl/run_03_05_datacollection

Protein: Best result®

from EDNA_proc MR phasmg o
sample o (o121 :
P3121 Compl. Res. Rmerge 1/Sigma ¥ g,
Prefix: opid30b_3 o \'
Inner €& 3o 51 42 414 'u‘., B
S -+ 204
Run: 5 Outer [ _1000% JRIPRRTEY 1311 14 7 s
# Images (Total): 900 (2492) Overall ~ GEEIEID 435-13 64 146 -
Transmission: 7.68326 % Trigonal system (P3121) —
a=b c Angie (doarees)
= = 180 200 220 240 260 280 300 320 340
545A 10740 map 1level = 0.9534 /A (2:34 rmsd e ) 11
2000

PBD: refined.pdb fullscreen unload

o 91 15
1200 s%
12
1600 .
1400

1200
1000 -

Number of spats § ExecDozor scom (410)
Resolition (£)

L 3 . 45
100 200 300 400 500 €00 700 200 900

o

Image number
Nurmber of spots Visibie msoluton @
Exechozorscore

Automatic MR appears to have worked with the space group P3121

Dynamic aperture set to 30 um 180.0 degree data collection with resolution 1.30 A from characterisation.

(] © © (1] o
autoPROC autoPROC staraniso EDNA proc grenades CODGAS grenades fastproc XDSAPP XIA2 DIALS

Example where the complete analysis was brought online (completely automated with diagnostics for validation)
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Desktop (interactive workflows)
Web (workflows as a service)
Shell (headless execution)

Python (integration for developers)

To conclude an overview of all EWOKS interfaces and why they exist
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File Edit View Widget Options Help

0

2

Data
Visuallze

xas_pymca

Nem k U FT EP s,

norm...

XAS

o |

x4
wolt
ol

k
weight
xas_utlls
xas_larch
Model

Evaluate

fourier

exafs  tronsf... Input

5
0
Xy

ROl selection

normalization
100%

pymca_workflow.ows*

e
5\0&

<

I‘g Unsupervised ‘5%6
?
#.  Prototypes iy
P 100%
[E&] image Analytics
- Time Serles k welght
= 100%
I Textable
FT fourier transform (100%, ETA: 0:0:00) ©om @ &
fourier transform
e A + X | X, IY dof ]L"s HE s B An S = & Fourier Transform
~ g
Window: Hanning b
1
Apodization:
4
Window K Min: 2.00 -
g 21
<
=] Window K Max: 20.00 -
=
£ 07
=4 -
2 Window K Step: 0.04 =
<<
-2
FT Max. R: 7.00 :
sl
Points: 2048 -
T r r T T T
0 1l 2 3 4 5 6
R (Angstrom) L2
FT Intensity v
Options_ X: 2.435278 ¥: 5.165111 —— FTImaginary v
dim 1: 4| 4|0 limits: 0,0 B | P
dim 2: 4| 4|0 limits: 0,0 B | P
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EWOKS interfaces
« Desktop

“s%
@),

fourier transform o‘e
100%

)

output

Used for interactive workflows
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EwoksWeb Edit Monitor

Sum_then_integrate_with_saving

+ DISCOVER TASKS o

Comment
ewokscore v PyFaiConfig
f SaveMexusint
[ e Data Mapping @
ewoksxrpd v 4@*
Source Target
ewcksndreg v % - radial - O
Intagrate1 D . :
¥ « Intensity e
ewoksfluo W 1 _,@., ©
xunits ~ radial_units - (3
General b yerror ~ intensity_error * O
SumABlizsScan SaveAsciiPatt info - info “ C‘)
Images | emiD L
iR e 0 ®
+

Conditions ©
ra Qutput Type Value

a ADD @

Used to visualize workflows that don’t have graphical components

Standalone + frontend (similar to Jupyter notebooks)
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EWOKS interfaces

 Web

EwoksWeb Edit Monitor

Executed workflows

demo

) 29 seconds ago
(O Less than one second

@ success

Job id: 17493721-305e-4c00-93fa-900d962e8040

demo

3 30 seconds ago
(© Less than one second

© Success

Job id: e82a81bd-31ac-4431-b08c-1d3239d15¢cd1

demo

3 31 seconds ago
@© Less than one second

@ Success

Job id: 07bd15cd-e531-42fb-aebd-445da1fc5361

demo

3 30 seconds ago
(@ Less than one second

© Success

Job id: 58cf8483-4e8¢-48e7-8221-1135af7f2301

demo

() 31 seconds ago
(© Less than cne second

©) Ssuccess

Job id: €549647a-3502-4121-a0b4-e201a1bc1ad6

(9]
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Data Portal Data gistics Manager

Searchin data portal..

3

s / ID23-1 / Datasets

Stru45-240228_016-15 [

Open investigation

Sample snapshot Characterisation @, =+ | Characterisation @, [

Open dataset page

l

Data collection

~ Add to selection

Metadata Files 30

Reprocess

Angle (deg)

o2

[ o MXDataReductionPipelines (ID23-1) ]

anage users

Enter comments here...

700
2024 15:49 to 1

600
28/02/2024 15:49:23

of spots / Dozor score (*10)

Start reprocess

Web service used by
other web services

Demo POC

& Download ~

25

Resolution (A)

fspot
Ir scar
S [T}

This is a simple example of Reprocessing by using Ewoks v2.0

(e.g. ESRF data portal)

EDNA proc
autoPROC
XIA2_DIALS
grenades_fastproc
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EWOKS interfaces

 Web
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[+l

Terminal

(py38) denolf@lindenolf:~% ewoks execute workflow.json -p a=100 --outputs all

B
# Execute workflow 'workflow.json'
B e e N

RESULTS:

{'task®@': {'sum': 3},
"taskl': {'result':
'task2': {'result':
'task3': {'result':
'task4': {'result':
"task5': {'result':
'task6': {'result':

FINISHED

(py38) denolf@lindenolf:~$ |}

31,
100},
6},
104},
110},
1161}

Used for headless execution
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EWOKS interfaces

Shell
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EWOKS interfaces

ult + !
.outputs.result = result

* Python

Developer usage like triggering
workflows from the acquisition
control system.

> _output": "re t 'target_input": "a"}],

"],
}F

1
workflow = { s £ ads 0 ow"}, 0d : nodes, "links": links}

# Define

! / y all outputs
result = execute_graph(workflow, varinfo-varinfo, inputs=inputs)
print(result)
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CONCLUSION

Increase the scientific output of the ESRF

+— Visualize the experiment for humans

— Produce domain specific results when possible, X-ray specific otherwise
= |ntegrate scientific software in the experiment

= Workflow based solution (executable data provenance)

= Meta approach: decouple workflows and implementation from systems

Questions ?

https://ewoks.esrf.fr

STREAMLINE has received funding from the

- Eurcpean Union's Horizon 2020 research and
innovation programme under grant
agreement No. 870313

https://streamline.esrf.fr/
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workflow
based on
xraylarch

xas_obj |

xas input

Spectroscopy: EXAFS visualization

Raw Parameter Space

energy ROI

xas_obj xas_obj xas_obj xas_obj

Autobk xftf noise

pre edge

pre edge autobk xftf noise

Parameter space in which scientific decisions are made

Flint (PID=1112938) - attached to 'demo_session’

ascan energy 8800.0000 9600.0000 1600 0.003 (#3)

File windows Settings Layout Workspace Help

Live scan [base_demo_session] EXAFS 3
3.0 | Lop X (X Iv e fes HE Ol A A S B
1.0 1
0.8 1
2.5 -
@ 0.6 4
£
K
% 044
2.0 1 0.2 1
0.0 - ™ T T ™ T T
g 8800 8900 9000 9100 9200 9300 9400 9500 9600
Energy (eV)
Options, X: 9597.265 ¥: 0.1159784
1.5 Ll X x| lv o fog T e B A T o
3.0 9
234
104 = 2.0
7
=<
= 154
[
E ol
0.5 4 J 5]
8800 8900 9000 9100 9200 9300 9400 9500 9600 0 2 a 6 8
energy Radius (A)
Options, X: 2.711843 ¥Y: 0.1254168
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x3s_obj

Lo XXy e e 3 e A A © e
3]
2
§ o1
A
= 04
=
<
o~ —14
<
]
21
34
0 2 £ 6 8 10 12
Wavenumber (A~-1)
Options, X: 3.348944 ¥: 2982195
Lo XX vt feg Tl M A T B e
EXAFS stats 2®
raw_noise norm_noise edge_step e0
S017830E05  1.841211E05 273 8981.00
00200 11
S017830E05  1.841211E05 273 8981.00
00175 &
31/5.017830E-05  1.841211E:05 273 8981.00

00000 +
8800 9000 9200 9400 9600
Energy (eV)

Options, | X: 9519.372 Y: 0.0007668382
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Tomography: 3D volume reconstruction of the X-ray density from projections

Inputs
Images of the sample in
transmission + dark field images +
flat field images + metadata
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/ compute center
%@ et of rotation browse raw
X1 \ data,
scan listener ‘.\‘(,f:‘ }ﬁ\ reconstructed
\\0% slices, reduced
/ N

wait for bliss
scan

or select a scan
manually

e

darks / flats
scan selector — m .
\é >

-

dark and flat field \‘{,l )‘ o

construction

7~ .
X __~ data viewer
default center S~ A B
of rotation N
g,

bu sli Q browse
nabu slice 2
reconstruction ‘( [ g }* ~ reconstructed
= \\c,; volume
\*%
nabu volume

compute reconstruction \~,< o
reduced darks /
flats volume viewer

reconstruct a
single slice

reconstruct a full
volume

Outputs
Reconstructed volumes
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