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Mechano-chemical description of emergent dynamics?
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Data Theory
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DEVELOPING ZEBRAFISH

Source: Gopi Shah (Huisken Lab)

Colored by depth (z)

Time Series: ~1012 Pixels ~ 2 TB

Each time point: ~2*107? Pixels ~ 4 GB
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Smallest Scale

x*y*z*t



x*y*z*t

= trillions of pixels (TB)



We need a computer to get the information for us..
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Gopi Shah (Huisken Lab)

Source

Adaptive Representation

Pixel Imaage

Intensity
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ALTERNATIVE DATA REPRESENTATION

DID IT ALREADY EXIST???

» Image-based Systems Biology
» Spatial Projections (Schmid et al. 2013 )
» Super Voxels (Amat et al. 2013)

» Other fields
» Wavelets, Pyramids, Adaptive Content..

» Equidistribution, Adaptive Lagrangian Particles
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Set size to bound error in absolute intensity
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Mean: 42 times less Particles
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Original Image Pixel Raycast

Source: Stephan Daetwyler (Huisken Lab)
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Multi-level discrete convolution on APR

Hierarchy of sparse block grids, one for each
resolution level, each in CSR format.

Buffers concatenated with offset index.

level_offset

xz_end

[o[1]2]4]6]8]10

Incardona et al., ISC, 2021 y_idx
[o[1]2]3T2[3]o]1]0]1]

Jonsson et al., IEEE TIP, 2022
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Compute benchmark
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Conclusions

e | arge, sparse images can be represented using the
Adaptive Particle Representation (APR).

e The APR is globally optimal given a user-provided point-
wise reconstruction worst-case bound.

e [t can be constructed In linear time and compressed In
memory.

e APR supports native image processing, saving both
memory and compute time.

e APR saves orders of magnitudes in resources for large
biomedical imaging studies.
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® mosaic.mpi-cbg.de

Simulation: OpenFPM
e Scalable parallel hybrid particle-mesh simulations

e openfpm.mpi-cbg.de

APR: lIbAPR / pyAPR / napari-apr
o Adaptive Particle Representation of images
e github.com/AdaptiveParticles

Model Inference from Data: PDE-STRIDE
o |nfer differential equation models from image data
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Virtual Reality: Scenery
¢ \irtual Reality for biology with user interaction
e https://qgithub.com/clearvolume/scenery
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For Publications, Code, and additional materials:

sbalzarini-lab.org

Follow our announcements on X:
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