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PerMedCoE aims to integrate PerMed into the new
European HPC/Exascale ecosystem

- Physiological-level models (Fluid dynamics — CompBioMed)

Cell-environment interactions @=— _

Cell-level
models

Cell-cell interactions
Metabolic pathways
Signalling pathways

. Atomic-level models (Molecular dynamics — BioExcel)
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Simulations in Life Sciences

From cells to tissues and organs
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Simulations as proxies of pre-clinical trials

- USA's FDA allows (and promotes) animal-free pre-clinical tests.
- EU is expected to follow.
- HPC is needed for real-sized tumour simulations.

Integration
and simulation
in HPC clusters

Simulation of Organoid simulation Tissue simulation Organ simulation
cells as agents (10° cells) ” (10° cells) (1012 cells)
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Digital twins

Montagud, A. et al. (2021) Systems biology at the giga-scale: Large multiscale models of complex, heterogeneous multicellular systems.
Current Opinion in Systems Biology, 28, 100385.




PerMedCoE optimises key software for cell-level simulations and
molecular pathway modelling to the new HPC pre-exascale platforms

PhysiCell
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PerMedCoE uses building blocks
and workflows to solve relevant
biomedical use cases

Cancer Diagnosis Based on Omics
Information

Drug Synergies for Cancer Treatment

Tumour Evolution Based on Single-Cell
Omics and Imaging

COVID-19 Multiscale Modelling of the
Virus and Patients’ Tissue

Containers Workflow managers
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Agent-based is a flexible, multiscale modelling framework
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Multiscale because we consider different time scales

Cell population

4 ™ )
P while t_current < tend
+ & IS
L0 eE—TH update_difussion()
e &—3 —_
if At % Atmech ==
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Simulation’s main loop

Intracellular models
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Simulation time

Time scales

- Atdiff: (diffusion/transport): 0.01 min

- At

mech: (cell movement): 0.1 min

- Atcell: (cell processes): 6 min

- Atsignalling: (Boolean simulation): 10 min
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PhysiCell allows for personalised drug studies

Personalisation of intracellular models
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» Node activity status
~ Initial states
= Transition rates

STRICT NODE VARIANTS

Distribution of Phenotypes scores across GDSC prostate cohort, ?ATIENT SPECIFIC LOOICAL MOPELS

using mutation as discrete data, RNA as continuous data and random initial conditions
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PhysiCell allows to study complex environments and drug regimes
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We use traces to guide the performance analysis using BSC’s
extrae and paraver tools

Parallel functions in useful @ heterogeneity-threadclose-24.prv

Parallel functions in wuseful @ heterogeneity-scaling-original-2.chopl.prv
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Runtime improvement: Changing the library improves PhysiCell's scalability £ 2! XV,

PhysiCell vanilla malloc library PhysiCell using jemalloc library
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Marc Clasca, BSC

Code improvement: A family of PhysiCell versions

Memory use (GB)
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Original: PhysiCell vanilla

Jemalloc: memory allocation library
Collapse: adding a collapse clause in
nested loops

Parallel voxels: leaving space in between
the cells vector

Memory use in PhysiCell in MN4
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Code refactoring: In PhysiCell-X we use OpenMP + MPI

OpenMP o
Th ‘
1-D Domain Partitioning: reads (0.0.0) /(0-1'0) (0.2,0) (03,0
- The domain is partitioned solely in the \ R
X-direction among MPI processes.
Each partition is sent to a different )
computation node. .

- Think of this as slices of bread in a
single dimension.
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Code refactoring: PhysiCell-X enables the simulation of bigger, more
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Dom.ai.n: 7680x7680x7680 OpenMP Hybrid Hybrid
= 0.5 billion voxels, 1 substrate (n=4) (n=8)
Build Microenvironment X 141.98 s 67.81s
Gaussian profile X 0.92s 0.45s
File 1/O X 7.30s 7.40s
Agent Generation X 0.11s 0.0023 s
Source/Sink Diffusion Solver X 1109.69s | 1210.41s

Saxena, G. et al. (2021) BioFVM-X: An MPI+OpenMP 3-D Simulator for Biological Systems., Computational Methods in
Systems Biology, Lecture Notes in Computer Science. Springer International Publishing, Cham, pp. 266-279. 15
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Re-factored the diffusion solver
« Lower scale of multiscale

Allows to simulate bigger setups
- Needed to reach huge, complex
simulations
Still efficient vs serial in smaller
setups
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Some examples of PhysiCell-X capabilities

Predator-Prey PhysiCell-X example
* Predators (0.1 M) hunt Preys (1 M) oo Fin i g 2D cut of a 3D simulation

* Domain: 4200”3 voxels o
* 84 mm-side cube
* 10 nodes used (480 cores)
* Serial 177 h vs Parallel 43.5 h
* Speed-up: 4.06x
* Efficiency: 40.3%

Current time: 5 days, 0 hours, and 0.01 minutes, z = 0.00 ym
9667323 agenls

200 pm
0 days, 0 hours, 0 minutes, and 0.1125 seconds —

S

‘fﬁ SRR Cancer growth PhysiCell-X example

e 1 Minitial cells, no TNF

e Domain: 2500 x 500 x 500 voxels
— 50x10x 10 mm-side box

e Drug diffusion from the 3D walls

e 10 nodes used (480 cores)

Tested in MareNostrum4, Kunpeng,
LUMI-C, HAWK, Marconi-100 16




Jose Estragués,
Thalia Diniaco, BSC

A PhysiCell-X serialises the X-dim diffusion iteration
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: . . . ) . Jose Estragués, BSC
Code refactoring: Overlapping communication and computation improves

PhysiCell-X performance
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Substrates

Jose Estragués, BSC

Code refactoring: new data structures allows PhysiCell-X for bigger, more
complex diffusions

Size of simulation

PhysiCell-X

PhysiCell . .
original version

. : computation not possible in MN4
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Wall-clock time (lower is better)

Jose Estragués, BSC

Code benchmark: Scalability tests of the diffusion of PhysiCell-X

Speedup given for invested resources

Parallelization performance
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We have tested PhysiCell-X in up to 100
computation nodes (4800 cores)
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Perspectives towards a highly-efficient exascale-ready human digital twin

Extensive tests - Integration with organ-level simulators
- Scalability - Alya from BSC

- Energy-aware - Simulating whole organs
« Pre-exascale clusters

Combine with accelerators Benchmark with other multiscale codes

. GPUs - Set up unit tests and test cases
Alpha version - Comparison of tools
- Vectorisation - Performance tests
Refactoring code
N StenCiI Computing y Fixed Cell Cycle Total Volume : = RSUO]l
- Change algorithms o 20 /4 -~
g A0 gnsuo R:Sl;‘it;)y.nam
- Co-design strategies / / =
- Learn from success cases £ o / ’/ / *

0 10 20 30 40 20 22
Time (hours) Time (days)
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