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THE CHALLENGING
CHARACTERISTICS OF LCLS
COMPUTING

FROM TERASCALE TO
EXASCALE

X-RAY TRACING WITH
NANOBRAGG ON SUMMIT

LCLS2 = Blue Whale (33m)

The exascale-enabled program, nanoBragg, was developed
to ameliorate the traditional X-ray diffraction indexing
algorithms for Serial Femtosecond Crystallography (SFX). In
order to determine experimental parameters more precisely,
diffractions of each wavelength in the recorded spectrum
are calculated and projected on to the detector
pixel-by-pixel. This is a heavy computational component not
suitable for CPUs but perfect for offloading to GPUs.

EuXFEL = Frog (10 cm)
LCLS = Ant (10 mm)

Example data rate for LCLS-II (early science)
•1 x 4 Mpixel detector @ 5 kHz = 40 GB/s
Example LCLS-II and LCLS-II-HE (mature facility)
•2 planes x 8 Mpixel ePixUHR @ 50 kHz = 1.6 TB/s
Detector data rates at light sources are advancing
exponentially: LCLS will increase its data throughput by
three orders of magnitude by 2025. Data analysis must
be carried out quickly to allow users to iterate their
experiments and extract the most value from scarce
beam time. The grand challenge: Enabling new photon
science from the LCLS will require near real-time
analysis (~10 min) of data bursts, requiring burst
computational intensities exceeding an exaflop.

We propose an exascale application (ExaFEL) which
shrinks the XFEL data analysis timescale from weeks to
minutes. Near real-time interpretation of molecular
structure revealed by X-ray diffraction will require
computational intensities of unprecedented scales,
coupled to a datapath of unprecedented bandwidth.

PSANA2

DEVELOPMENT STRATEGY
FY 2019: Focus on acceleration
● Legion (task-based programming model):
proof of concept for parallel use of CPU
and GPU
● FXS-MTIP:
○ acceleration of the precomputation and
early scaling on Cori Haswell
○ acceleration of the reconstruction on
GPUs on Summit
● X-ray tracing:
○ port to Cori PII (KNL)
○ port to Summit GPU
FY 2020: Scaling
● SPI-MTIP: development of scalable
algorithm
● FXS-MTIP: combination of current codes
and scaling
● CCTBX and X-ray tracing: scaling

PSANA2 Flow of data through the LCLS DAQ system,
online analysis system and offline system. Flow is left to
right, then top to bottom.
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Fluctuation X-ray Scattering
(FXS) is an experimental
technique in which the
timescales of collecting the
scattering data of multiple
particles are below their
rotational diffusion times.
The images are then
pre-processed and
aggregated in a single,
fixed-size,
orientation-invariant 3D
correlation function: C2.

FXS experimental setup
(Pande et al., 2018)
The cost of
computing this
correlation
function
increases
linearly with the
number of
images. This
computation
was scaled on
Cori Haswell, up
to 15,000 Hz so
far.

The resulting correlation function can then be used to
reconstruct the particle through the FXS M-TIP algorithm,
independently of the number of images. A chaperone
protein and its reconstruction through the algorithm from
simulated diffraction patterns is shown below. The
reconstruction itself was accelerated separately leading to
a 8X speedup using GPU acceleration.
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