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BioDynaMo is a modular, high-performance 
agent-based simulation platform written in C++ 
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Agent-based simulation 1/2

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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Agent-based simulation 2/2

● Also called individual-based modeling
● Bottom-up approach

– Modeling the trees not the forest

● Characteristics
– Local interaction
– Emergent behavior
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Agent-based simulation is very 
versatile

Source: Macal and North (2014), https://doi.org/10.1109/WSC.2014.7019874
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Why at CERN?

Source: https://kt.cern

Knowledge Transfer!
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BioDynaMo’s Goal

● Develop a new agent-based simulation platform 
that
– supports large-scale biological simulations
– supports different fields (e.g. neuroscience, 

oncology, immunology, …)  with a modular 
software design 

– hides the complexity of parallel and distributed 
computing

– promotes reproducibility of results
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The envisioned platform

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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BioDynaMo overview

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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BioDynaMo classes

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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“Hello World” Simulation
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Demos
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Cell clustering

● Two types of cells
– red and blue

● Randomly distributed in 3D 
space 

● Each cell has two behaviors
– Secrete a substance into the 

extracellular matrix
– Follow the concentration 

gradient (chemotaxis)
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Cell clustering implementation
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Cell clustering video

https://www.youtube.com/watch?v=jlOk_Y3SUHo

https://www.youtube.com/watch?v=jlOk_Y3SUHo


  16

Cell clustering result

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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Neuroscience Use Case
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Overview

Image: https://en.wikipedia.org/wiki/File:Brainmaps-macaque-hippocampus.jpg used under CC Attribution 3.0 

https://en.wikipedia.org/wiki/File:Brainmaps-macaque-hippocampus.jpg
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Model

NeuriteElement

NeuronSoma
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Neuroscience use case video

● Single pyramidal cell
https://www.youtube.com/watch?v=taWMFs5D5Pg

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

https://www.youtube.com/watch?v=taWMFs5D5Pg
https://www.youtube.com/watch?v=MA74wZbhO7w
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Comparison with real neurons

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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Oncology Use Case

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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Epidemiology Use Case

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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BioDynaMo Performance 1/2

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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BioDynaMo Performance 2/2

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649 

https://doi.org/10.1093/bioinformatics/btab649
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Questions?

https://forum.biodynamo.org

Lukas.Breitwieser@cern.ch
https://www.linkedin.com/in/lukasbreitwieser

https://forum.biodynamo.org/
mailto:Lukas.Breitwieser@cern.ch
https://www.linkedin.com/in/lukasbreitwieser
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