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What do we mean by extreme data? 
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(N,Y,X)
# of scan points

# of columns# of rows

N > 10.000 (Electrons)

Y*X > 20002 pixels2
(X-Rays)
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Farfield

Nearfield
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EIGER

SELUN PiMEGA

3072x3072
55 µm

up to 2kHz

4150x4371
75 µm
133 Hz 

2070x2167
75 µm
750 Hz

3110x3269
75 µm
238 Hz

190x190
100 µm

30 – 120 KHz
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6Górecki, R., et al. Ptychographic X-ray computed tomography of porous membranes with nanoscale resolution. Commun Mater 4, 68 (2023).

(2552,768,768) @ 8 bytes = 12 GBs

498 projections in total 
≅

6 TBs raw data



7S. Cipiccia et. al., Eur. Phys. J. Plus (2024) 139:434



8T. Aidukas et al. Nature Vol. 632. (2024).
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O, P = ptychography(diffraction_data, 

initial_object,

initial_probe, 

scan_positions,

mask,

parameters)
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Diffraction data: (N,Y,X) uint32 -> float32 

Object: (Mo, A, B) complex64

Probe: (Mp, Y,  X) complex64

Positions: (N,2) float32

Mask:  (Y,  X) boolean

Data types



11

https://ptycho.github.io/tutorials/

https://ptycho.github.io/tutorials/
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PIE:

DM, RAAR:

ML:
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CPUs x GPUs
Can fit your data, 
but will probably 
be too slow.

Is way faster, but 
may not be able to 
fit your whole data 
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NVIDIA DGX
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*frames_per_block
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NVIDIA DGX
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How much do we actually need?
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PIE:

DM:
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Strong and Weak Scaling
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Strong Scaling 

➢ Strong scaling: N MORE nodes does not necessarily means N x FASTER

P: parallel fraction

How much do I need to get it running as fast as I want?
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Weak Scaling Given I have time t, how large can I make my problem? 

➢ Weak scaling: N MORE nodes does not necessarily means N x LARGER scan in the same time
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Some benchmarks!

@hall_of_tech
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single GPU
*N=400frames per block = 128

30 minutes/projection!
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frames per block = 128

multi GPU
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frames per block = 16

multi GPU
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How should I approach my extreme data? (a personal view)

• If planning a large scan or a large volume, make some estimates first. It might 

save you resources ☺

• Processing in GPUs is necessary helps a lot!

• Crop your diffraction data as much as possible.

• If farfield: how oversampled am I? Can I bin the data?

• Do you need position correction? If exploring parameters, it might be helpful to 

save corrected positions.

• Do you need modes? If so, brace yourself.

• Combine algorithms. Take a look at the final error curves. Some iterations may 

not be helping much.

• Play a bit with the frames_per_block. Make it as large as possible before starting 

the full 3D reconstruction.
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What comes next?

• Data will continue to come faster (better detectors, better controls, multi-beam,…)

• Will the hardware evolve as we’d like? Or do we need multi-node? (Which will be cheaper?) 

• Is Machine-learning based reconstruction the future?
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Questions?
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