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Agent-based Simulation
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D Simulation Algorithm

// Define initial model

Place simulation objects in space
Set their attributes

Define behavior

// Run simulation
for each simulation step
Update environment
for each agent
for each agent operation
Run agent_operation (agent)
for each standalone operation
Run standalone_operation ()



Neuroscience Use Case
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Further Information : Breitwieser et al. 2021



EpideAmioIogy Use CEase

S Ie)
O 0.8 0 0.8
© A /S = ©
LIC_ 0.6 | ~--- SIR analytical ué 0.6
e e | = SIR sim mean S i
< 041 & 0.4
> SIR single sim >
05200 400 600 800 1000 0% 1000 2000
Time [h] Time [h]
C Time [h]: 0 100 200 300 900
>
Time [h]: 0 500 1000 1500 2400
S
=
3
=

=%, CERN lab
“@1,= openla . L
= OP Further Information : Breitwieser et al. 2021



Modular Software

Simulation

\

Architecture

Param / ResourceManager Random Scheduler Environment
+core_paraml . . .
+core_param2 +ForEachAgent() +Uniform() +Simulate(steps) +ForEachNeighbor(functor, agent)
. +ForEachDiffusionGrid() +Gauss() +ScheduleOp(ops)
/7 +GetOps(name)
+Get() // \\
ParamGroup DiffusionGrid Behavior Agent Operation
+name rationimpl
+GetConcentration(pos) +Run(agent) +GetPosition() +freque_ncy e Operationimp
+GetGradient(pos) ) +AddBehavi0r(b) +implement_ations_
+ChangeConcentrationBy() +RemoveBehavior(b) ﬁ K
SimParam NeuroscienceParam Chemotaxis| | Secretion GrowthDivision Cell NeuriteElement AgentOperationimpl StandaloneOperationimpl
+Divide() +Branch() +operator(agent) +operator()
+Bifurcate()
+ElongateTerminalEnd()
. . . ) +RetractTerminalEnd() i
SimParam| | SimParam Infection Recovery| | RandomMovement| NeuriteSoma ReductionOp
|
]
/ \ +ExtendNewNeurite() / \
Person CountSIR CalcRates
+state_
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High-Performance Simulation

Engine 1/2

Comparison between BioDynaMo and Cortex3D

B Cell growth & division
1004 MEE Soma clustering
B Pyramidal cell growth
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High-Performance Simulation
Engine 2/2

Simulation Agents  Diffusion Iterations System  Physical Runtime  Memory
volumes (Table 4) CPUs

Neuroscience use case

Single (Figure 3A in the main manuscript) 1494 250 500 A 1 0.16s 375 MB

D 1 0.13s 471 MB

Large-scale (Figure 3C in the main manuscript) 9041 632 65 536 500 A 72 45s 6 GB

D 2 10min53s 53GB

Very-large-scale 1018280997 5606 442 500 B 72 1h 37 min 507 GB

Oncology use case (Figure 4 in the main manuscript)

2000 initial cells 4169 0 312 A 1 1.24s 378 MB

D 1 0.98s 475 MB

4000 initial cells 5241 0 312 A 1 2.09s 380 MB

D 1 1.62s 477 MB

8000 initial cells 8225 0 288 A 1 4.16s 381 MB

D 1 3.39s 477 MB

Large-scale 10 123 903 0 288 A 72 2 min 20 s 9.02 GB

D 2 53min3ls 594 MB

Very-large-scale 1012302 977 0 288 B 72 6 h 49 min 639 GB

Epidemiology use case (Figure 5C in the main manuscript)

Measles 2010 0 1000 A 1 0.59s 372 MB
Seasonal Influenza 2020 0 2500 A 1 1.59s 373 MB
Large-scale (measles) 10 050 000 0 1000 A 72 1 min25s 6.02 GB

D 2 54min22s 3.61GB

=¥, CERN Very-large-scale (measles) 1005 000 000 0 1000 B 72 3h54 min 326 GB
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Ongoing Projects

=%, CERN
i< openlab
AR 2 2 2 O & . &5 O Gh B O D @D O ShhDhDY: B B e 2 &



Modelling COVID-19 Spreading in Closed Environments

The difference between droplet
and airborne transmission

Droplet transmission Airborne transmission
Coughs and sneezes Tiny particles, possibly produced
can spread droplets of saliva by talking, are suspended in the
and mucus air for longer and travel further

Update agents’
characteristics
(viral particles in contact)

—  oOpentB

Provides geometry and
agents’ characteristics

Less than

Droplets

Human hair: /~
More than 60-120 § . /

microns wide

5 microns
Source : WHO
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Data-Driven Model Optimization

Common issue: how to tune model-parameters to match experimental /
analytical data?

Current approach:

Modeller tweaks Runs Inspect

parameters Simulation Results

Agreement
with

experiments?

Lead : Ahmad Hesam
Collaborators : Tel-Aviv University
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Data-Driven Model Optimization

[ Select Hypotheses and Parameter Values. Initiate Simulations across HPC ]

* Use experimental data
for optimizing model

p aram ete r S Evaluate convergence. Choose new simulations to minimize error. ]J

« Compute error between
experimental and ! ) I -
S”’T?Ulated data USER H1:I'I; MAIN K «— Experiment API CPU

pAIE:LPMS it o PARALLEL |, Experiment API CPU

* lteratively choose new —it——e || SiRNAGER : :
simulation parameters to | oamease | A ey Wi
minimize error

* EXplore parameter
space rapidly on HPC
cluster

=", CERN Figure : Avner Priel, Andrea Perissinotto (Tel-Aviv University) 1
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Further Ongoing Projects Using
BioDynaMo

« Distributed runtime to support simulations on multiple servers
e Retinal mosaic development

e Cryopreservation

e Multiscale (organ-to-cell) cancer modelling

e Radiation-induced tissue damage

e Simulations in the socio-economic field

=" CERN Collaborators : Newcastle University, University of Cyprus, GSI Darmstadt, University of Surrey
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Summary

BioDynaMo enables scientists to :

e develop models in various computational biology fields in a
modular fashion

e obtain results rapidly with the high-performance execution
engine
e scale up the model to billions of agents on a single server, and

e produce results that are in agreement with validated
experimental data
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Questions?

Lukas.breitwieser@cern.ch
. https://www.linkedin.com/in/lukasbreitwieser/
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* Project Website
https://biodynamo.org/

 Source Code
https://github.com/BioDynaMo/biodynamo

* Single-pyramidal cell simulation:
https://www.youtube.com/watch?v=taWMFs5D5Pg

* Large-scale pyramidal cell simulation :
https://www.youtube.com/watch?v=MA74wZbhO7w

e Tumor spheroid simulation :
https://www.youtube.com/watch?v=Q9UkpLuLnkU
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Oncology Use Case
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