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Serial crystallography
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102-107 images/dataset
Each crystal is independent
and randomly oriented

Rep rates:10-120 Hz

More recently: 3 kHz
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SFX: The Experiment

Pump/probe (many datasets)
Laser excitation
Mixing (gas, ligand)
Temperature
Femtosecond dynamics

Not usually ab initio structure determination

Beam time is...
Scarce
Concentrated
Fast

What are the data processing goals?




Goal: scale up

EuXFEL: 3500 Hz AGIPD

900K images in 5 min

EuXFEL: 2000 Hz AGIPD

600K images in 5 min

LCLS: 20 Hz Rayonix

6K images in 5 min
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LCLS: 120 Hz CSPAD
36K images in 5 min
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Goal: answer biological questions

PSIl 2Fo-Fc and Fo-Fc at 2.07 A, S3 state

Kern et al., 2018 Nature 563:421



Goal: Fast Feedback

- Per-image metrics
- Solvent hits
- Crystal hits
- Indexing rates
- Crystal quality
- Global metrics

- Unit cell isomorphism
- Merged completeness/resolution




Goal: FAIR

Edable Acoessible |nteroperable
o
P G b

Wilkinson, M., Dumontier, M., Aalbersberg, |. et al. The FAIR Guiding Principles for scientific data management and
stewardship. Sci Data 3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18
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SwissFEL: JF16M

EuXFEL: AGIPD
NeXus

macromolecular crystallography diffraction data
(2020). IUCrd 7, 784-792. "’;ﬁﬁ




Goal: organize datasets

Example: LCLS / MFX December 2013

datasel
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* Four 12-hour shifts at MFX (LUS0 / P143)
» 20 — 30 Hz overall collection rate (Rayonix

340)
» 594 230 total indexed images

« > 8.4 indexed images s (31% of all shots)

» Overall 48% collection duty cycle

o ~54 tr-SFX + tr-XES data sets

« ~ 12 types of enzymes

» Typically ~ 1 mg protein per dataset

 Some data beyond 1.3 A resolution
]Enzm oxidized (no run 20, no data in run | 16 | 1.76 ] 16851!

45




Goals

* Real-time statistics

« Real-time electron density maps
« Dataset/metadata organization
* FAIR

At kHz speeds




cctbx.xfel GUI

 Built on cctbx and DIALS

Winter G. (2018). DIALS: implementation and evaluation of a new
integration package. Acta Crystallogr D Struct Biol 74, 85-97

Brewster AS, et. al (2019): Processing serial crystallographic data from
XFELs or synchrotrons using the cctbx.xfel GUl. Computational
Crystallography Newsletter 10, 22-39.
* Full SX workflow

- Each image: import, spot-find, index, integrate, scale, post-refine

- Dataset: merge, phenix.refine, upload

- Monitor for new data and submit jobs

- Organize processing many datasets

- Massively parallel multiprocessing on the biggest computing
clusters

- MySQL backend allows scaling to the kHz regime




% CCTBX.XFEL | cxi78513 | L785_demo

Help
[ " i = . o9 ,rj
Quit Watch for new runs Auto-submit jobs ' Calibration Settings Large text
) [%| Sample Tags

Runs | Trials | ]obsl Spotfinder | Rud

Run Sample Tags

Available sample tags

11 Thermolysin

4 Thermolysin

Mverage

[[ BAAAAD Q
12 Thermolysin Average |
13 Thermolysin Average |
14 | Thermolysin RQanceIH <I0oK I Average |
15 | Thermolysin | ——————————— Averagel
16 Thermolysin Average |
17 Thermaolysin Average |
18 Thermolysin Average |
19 Thermolysin Average |
20 Thermolysin Average |
ey Thermolysin Average |
22 Thermaolysin Average |
25 Average
25 Average B
27 Average
28 Average
29 Average
30 Average
=hl Miaramao -:]
Change Tags on Multiple Runs Manage Persistent Tags Manage Tags
@ Run Sentinel @ Job Sentinel @ Job Monitor @ Spotfinder @ PRun Stats @ Unit Cell
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|%] CCTBX.XFEL | cxi78513 | L785

Help
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u L \ J é- - --’\
Quit Watch for new runs Auto-submit jobs ' Calibration Settings Large text

Runs | Trials | ]nbsl Spotfinder Run Stats | Unit Cell | Mergel

Run Statistics - Trial 17
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0
run 13 run 14
41382 img/10312 hit 61741 img/10915 hit
8971 (6317) idx 8887 (6622) idx
44.0% solv/24.9% xtal 35.4% solv/17.7% xtal
21.7 (15.3)% idx 14.4 (10.7)% idx
0 200 400 600 800
timestamp (s)
# images shown as all (2.5 Angstroms)
Statistics Options Strongest Indexed Images

Trial: 17 v |Se\ected rins:

reg/d/psdm/cxifcxi78513/scratch/brewster/paper_2017/ =
results/r0013/017 rg013/outf

= green:
% solvent

line:% <
2.50 Ang

Auto plot last five runs | O 11 = idx-20130301080250688 cbf
reg/d/psdm/cxifcxi78513/scratch/brewster/paper_2017/
Auto plot entire experime|| L2 e
13 Open Images
high lution limmit: 2.5
igh resolution lirmi 14 —
: Strong Images that Didn't Index
# multiples 2 101s reg/d/psdm/cxifcxi78513/scratch/brewster/paper_2017/
two theta ratio 1.5 |00 15 results/r0013/017 rgO13/all/
shot-20130301060251056.cbf
Ifsig(l) cutoff: 1 (0017 reg/d/psdm/cxifcxi78513/scratch/brewster/paper_2017/
D 18 [T T A LA T B T T B BT AT B I
# strong spots a0 I = Dump Images
# images to durmp: 10
@ Run Sentinel @ |ob Sentinel @ Job Monitor @ Spotfinder @ Run Stats @ unit Cell




N strong spots

indexed/

Rate tracking
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21.7 (15.3)% idx
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Non-isomorphism: two clusters
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Unit cell plots from 17786 metalloprotein Axis length (A)

crystals (space group P242424) collected at
LCLS beamline MEX.
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Resolve clustering on the fly

Dbscan clustering
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167.5 -
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I L] I
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c - axis (A)

284 285

syringed, eps=0.200

Component Abundance
B: B4E f 1551 (41.65%)
1: 280 / 1551 (18.05%)

a b (s
285.38:0.374 166.55+0.34F 285.55+0.394
282.05+0.310 166.65+0.314 286.81+0.29A

Andrews LC, Bernstein HJ (2014)
Andrews LC, Bernstein HJ and Sauter NK (2019)
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MPI Rank Number

How many computing cores do we need?

Computational weather plot
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* Most recent
experiment: 20
Hz Rayonix,
processed at
NERSC

« How's the
weather today?

 Median times:
- Hits: 5.4s
- Misses: 1.4s

- 256 cores
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DOE ExaFEL project

g. Data Transfer Nodes

XRootD ~ 15 TB/day

Data
Acquisition

Spinning SCRATCH, CFS,
Disk DataWarp

ﬂsers interact with data analysis in real-tnm\ﬂorkﬂow Coordlnatlon \ \

job 1 job 2 job 3

_' m_/\ ° Spm j&on Compute Nodes m
l-\i\-.—--

Blaschke JP, et al. Real-Time XFEL Data Analysis at SLAC and NERSC: a Trial Run of Nascent Exascale Experimental Data Analysis. Preprint. [Fgs S
ArXiv. 2021;arXiv:2106.11469v1. Published 2021 Jun 22. 19 'r’"}”
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EuXFEL: Spring 2021

* Two 5-day experiments, separated by a month
« 593TB with a total of 354 runs, 256 with protein
« 2 kHz data collection, 600K images per run

 Maxwell HPC cluster at DESY: 96 nodes, 80-144
cores per node

 Week 1: focus on cctbx.xfel command line programs

 Week 2: focus on GUI integration




cctbx.xfel build on the Maxwell cluster

X Conda build (openmpi + HDF5)
X Attempt to use other pre-built Maxwell MPI’s
X Build own MPI

V Get help! Local Maxwell MPI/networking expert,
Frank Schluenzen.

- Specific gcc9.3 build of python3 + openmpi 3.1.6 + an
mpi-enabled hdf5 library (1.10.6)

- Use virtual environment + pip to install cctbx
dependencies

- Build cctbx (some linking adjustments needed)

- Use communication protocol named UCX to take
advantage of Infiniband. Frank's openmpi build had this
enabled using a custom flag.




Early profiling: 3.5 kHz run, 5 min
(900K images)

« Simple test: only read and sum the images: non linear scaling

Wall time (s)
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Solution: subfiling

LB O ) B B A .
Separate jobs,
DI EIE] 8 nodes each
DDDDDDDDDE/DDDDDDDDDD
L OO B A
DDDDDDDDDD”/,aDDDDDDDDDD
L OO A
OO0 OOOO - >0 | L0000 B B ]
L) L0 B O B B B =
DDDDDDDDDD\DﬂDDDDDDDDD
NN . mininizininizinin
NN .
NN . L B B O O B B A
Split 600K image dataset Binininininininln

into smaller datasets mi=inl=l=izl=inl=




Computational weather plot
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1.5 TB/s
248 GB/s =
4] GB/s

7 GB/s

1 GB/s
191 MB/s
32 MB/s
5 MB/s
885 kB/s
147 kB/s
25 kB/s
4 kB/s

20:02:00

== gpfs_nsdfs_b

== gpfs_nsdfs_byt

gpfs_nsdfs_byt

gpfs_nsdfs_byt

10 min
2 min
17 s

3s
475 ms B8
79 ms |
13 ms
2 ms
366 ps
61 us

19:3

== gpfs_nsdds_tot_d
== gpfs_nsdds_tot_d

— r:]l]"':s_r sd
= gpis_n sdf
— |C]|:}‘:E‘_‘C‘:EII"|‘;
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s_bytes_read{node=exfl-ofs-gl003.c

MIBT re: 1[1 (nod

qp‘:;_f*:;. !;-ftp
; s_bytes_ IHHHI d

Off-line storage - gpfs_nsdfs_bytes_read - exfld

2021-04-30 20:02:07

lesy.de, gpfs_fs_name=exfld}

exfl-ofs-gl004.desy.de, gpfs_fs_name=exflid}
_bytes_read{node=exfl-ofs-gl005.desy.de, gpfs_fs_name=exfld}
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de=exfl-ofs-gl011.desy.de, gpfs_fs_name=exfld}

fs_name=exfld}

ode=exfl-ofs-gl012.desy.de, gpfs_fs_name=exfld}
e=exfl-ofs-gl013.desy.de, gpfs_fs_name=exfid}

gpfs r‘:;"" _bytes_read{node=exfl-ofs-gl014.desy.de, gpfs_fs_name=exfld}

nsdfs

gpfs_nsdfs

Afc

- qp"c nsdfs

BT
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e=exfl-ofs-gl016.desy.de, gpfs_fs_name=exfld}
_bytes_read{node=exfl-ofs-gl017.desy.de, gpfs_fs_name=exfld}

x.ﬂfc:»fz;—g |018.desy.de, gpfs_fs_name=exfld}

fs_name=exfld}
HJJU{IEE“{.‘ de, gpfs_fs_name=exfld}
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fs_name=exfld}
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f
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MPI Rank Number
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Scale up: GUI

Computational weather plot

pR S B TR TTE . TR T UL WS

300 400 500
Wall time (sec)

600

700
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Queue full: huge delays
from MySQL

>1hr to log 50K images

Solution: restructure
MySQL commits using
transactions

50K images: log in 0.07s
using single MySQL
query comprising 130K
lines




Future work: still need better scaling

125.00 2.0

8
100.00 s
1.5
% 7500 ® ®
s @
<) -] ® 1.0
—  50.00 ® @
3
i
25.00 - ¢
&=
0.00 0.0
1000 2000 3000 4000 1040 2000 3000 4000
N cores N cores

Scaling test on 50K image subfile

Overall: on 8x12 nodes, 9.4 kHz!




| NN 'X| HDFView 213
File Window Tools Help

= 0 @ @mm

FAI R u S i n g N ex US Recent Files ¥ | Clear Text

XFEL-r0044-c00_master.hs &l

File Actions ¢ i entry =
i ‘H 'mage:gﬁlbroou-coo master.h5 [1] € " > Cadata N
Load file Save As... u . Previous definition |

¢ @ instrument
¢ @ AGIPD

B group_index

group_names

8 group_parent

& group_type

¢ @ transformations

§ Axis_Do
f Axis_Doqo
5 AXIS_DOQOMO
f AXIS_DOQOMOAD
B AXIS_DOQOMOAL
& AXIS_ DOQOMOAZ

R s siim onsnsan s =

AXIS_DOQOMO (20384, 2
32-bit floating-point, 1
Number of attributes = 8
depends_on = AXIS_DOQO
equipment = detector
Picture: slow=-276.340 / fast=460.000 pixels. Readout 17: slow=-0.458 / fast=88.3" equipment_component = detector_module
offset = 0.06763182971870663,46.827408607259244,0.0
offset_units = mm

transformation_type = rotation
Bernstein, H. J., Forster, A., et. al. Gold Standard for units = degrees
macromolecular crystallography diffraction data . vector = 0.0,0.0,-1.0

(2020). IUCrJ 7, 784-792.

. Log Info | Metadata I




Full automated pipeline

« Spotfind/Index

« Joint refinement/integrate
» Scale/postrefine

* Merge

 Phenix.refine

Upload to google drive

Ready to scale up to even higher rep-rate XFELs
coming online




Deployment: every XFEL

LCLS SACLA PAL-XFEL SwissFEL EuXFEL

SDF

Supports LSF, SGE, Slurm, HTCondor, Docker/Shifter
New use of GUI: DLS beamline 124 (Pilatus3 6M)

Example of a current result: LCLS + NERSC, 5 minute

turnaround for fully merged dataset




XFEL @ LBL

Sauter
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