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



Agent-based simulation
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Scientific Impact



I. Main BioDynaMo Article
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BioDynaMo overview

Simulation

= Agent geometry: sphere, cylinder

« Agents: Cell, NeuronSoma, NeuriteElement

« Behaviors: Secretion, Chemotaxis, Proliferation,
GeneRegulation

« Extraculluar diffusion

* Agent interaction force

« Generation of agent populations = Parameter management

* Agent reproduction & mortality * Parameter optimization

*  Environment search * Hierarchical model support

*  Multi-scale simulations *  Hybrid-modeling

*  Dynamic scheduling * Space boundary conditions

»  Statistical analysis

« Parallelism & thread-safety =  Web-based interface

* Performance optimizations = Backup & restore of simulations
* GPU support « Quality assurance

* \isualization infrastructure

Simulation

BioDynaMo's model
building blocks

BioDynaMo’s high-level
features

BioDynaMo's low-level
features

Libraries
Operating System
Hardware

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

This is a list of BioDynaMo notebooks:

Examples On this page

Demos Create agents in 3D space
] Notebooks

Author: Lukas Breitwieser, Filename: STO1 model-initializer.ipynb

In this tutorial we want to demonstrate different functions to initialize agents in

space.

Generate random samples from a user-
defined distribution

Author: Lukas Breitwieser, Filename: 5T02 user-defined-random-number-
distribution.ipynb

In this tutorial we demonstrate how to create a random number generator that
draws samples from a user-defined distribution.

https://biodynamo.org/examples/notebooks
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Create agents in 3D space

Author: Lukas Breitwieser
In this tutarial we want o0 demonsirate differant funcions to initialize agents in space.

Lats start by satting up BioDymaMo natabaoks.

%jsroot an
ORODT->LoadMacral "5 {BOMSYS}/etc/ raotlogon.C") ;

INFO: Created simulation object 'simulation’ with UnigueName-'simulation' .

Weusa SphericalAgent s with diameter = 10 for all consecutive axamples.

suto create_sgent = |]{comst Double3& positian] {
auto* agent = new SphericalAgent(position);
agent->SetDiameter(18);

return agent;

h
‘W defina tha numbar of agents that should ba creatad for functions that reguire this parameter.

uint0s_t num ogents = 368;

‘Wa defina two helper functions that reset the simulation to the empty state and one to visualize the result.

woid Clear(} {
laticn. ger ) - 0:

¥

woid vis() {
S {}-=FinalizeInitiolization(};

VisualizeInNOTEDOOK();

}
Create agents randomly inside a 3D cube
Cube: Emin = Ymin = Zmin = —200 80d Ty = Yruez = Zar = 200

By dafault a undorm random number distribution is used.

Cleari);
ModelInitislizer: iCreateAgentsRandan(-2688, 296, num_agents, create agent];

wis(]:

Create agents randomly inside a 3D cube using a gaussian distribution

Gube: Tmin = Ymin = Zmin = —200 &nd Trgz = Ymaz = Zmar = 200
Gaussian: i = 0, o = 20
Note ihe extra perameter g passed to CreateAgent sRandom

Cleari);
auta rng = simulation.GetRandom )->GetGausRna(8, 28):
ModelTnitislizer: :CreateAgentsRandon|-368, 186, num_agents, create agent, &rmg}:

vis():

https://biodynamo.org/notebooks/ST01-model-initializer.html

Create a histogram of agent attributes

Author: Lukas Breitwieser
In this tutarial we will show how to craate 2 histogram of all agent diamatars in the simulation and fit a function to the data.

Lats start by setiing up Bieymahto notebooks.

%jsroot on
QRODT->LoadMacra( 5 (BONSYS] ete/ roatlogon. C*);

INFD: Created =imulation object 'simulation’ with UniqueName'sinulation’.
Wa want to dafine & function that creatas a call at a certain position with diameters drawn from & gaussian distribution with ¢ = 20 and & = 5. The smallest diamatar should be larger than 2.0

sinulation. GetResourceMansger (] -=Clesrdgents|}:
suto rng = simlation.GetRandom| )->=GetGoushng(23, 3);
suto create cell = [&] (const Double3& position) {
Cel1% cell = new Cell(position):
double dismcter = std:imax(2.8. rng.Samplei}]:
cell->SetDianeter (dianeter) ;
return cell;

2
Now that we defined create cell we can use i to creals 400 calls on & plane with 2 = 0, zmin = ymin = —200, zmaz = gmaz = 200, and spacing = 20 in both dimensions.

BUto T = [](CONSTt double* X, CONSt double* params) { FEturn 9.8 };
ModelInitializer: :CreatefigentsOnSurface(f, {}, -266, 260, 28, -260, 268, 26,

create_cell);
sinulation.GetScheduler[]->FinalizeInitialization();
VisualizeTnbiotencok (380, 368);

The next step is to create a histogram object with 100 bins in the interval [2, 40].
The second line crestes & function which fills the histogram with the diameter of the given agant.
The third line cals the function Fill for each agent, thus adding all diamatars 1o the histogram.

THIF h(“myHisto","Apent Dismcter Histogram;Diameter;Count®, 188, 2, 48);
suta fill = LZF{[&](Agent* a, AgentHandle){ h.Fill{a->GetDiameter(}): }}:
nati ger(]-=F 111 ;

Lat's draw the final histogram.
Balore we have to create 3 TCanvas objact in onder to display the result in this noteboak.

W also modiy the default color and create & grid

TCarvas c("", “", 488, 386);
h.SetFillcColor (KBlue - 18);
c.SetGridi);
h.Drawi}:
c.Drawi};
Agent Dismeter Histogram

[ = T T
d

1

14

e

1

Finally, we can ry to fit 8 function 1o the data in the histogram.
Since we drew samples from & gaussian random number genersior when we crealed our cells, we expect thal & gaussian will fit cur dat.

n.Fat(-gaust, "s");
h.Drawi}:
c.Drawi};

[
[}
= e 1 @ = s
FCN-73.1E872 FROM MIGRAD  STATUS~CONVERGED 78 calLs 73 TOTAL
EDMmG.70082e-8E  STRATEGY= 1 ERADR MATRIX ACCURATE
EXT PARAMETER STER FIRST
ND.  NAME VALLE EARDA. s1zE DERIVATIVE
1 Constant 9.389442400  7.09907e.B1  2.21843e.83  4.02840e-04
2 Mean 1.37314e481  3.73437s.81  1.36614e.83 -3.63236e.84
3 sigma 3.4B180c4BE  3.17423.81  0.23484c.83  2.34242c-82

https://biodynamo.org/notebooks/ST08-histograms.html
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Neuroscience Use Case
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Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649
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Oncology Use Case
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Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649
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Epidemiology Use Case
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Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649
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BioDynaMo Performance

Table 1. Performance data. The values in column “Agents" and “Diffusion volumes" are taken from the end of the simulation. Runtime measures the wall-clock

time to simulate the number of iterations. It excludes the time for simulation setup and visualization. The entries in column “System” correspond to Supplementary

File S1 Table 5. Supplementary File S1 Table 6 contains more detailed performance data.

Simulation Agents  Diffusion volumes Iterations System Physical CPUs Runtime  Memory
Neuroscience use case
Single (Figure 4A) 1 494 250 500 A 1 0.16 s 382 MB
Large-scale (Figure 4C) 9054 740 65 536 500 A 72 36s 6.02 GB
| Very-large-scale 1018 644 154 5 606 442 500 B 72 1 h26 min 436 GB |
Oncology use case (Figure 5)
2000 initial cells 4177 0 312 A 1 1.05 s 382 MB
Large-scale 1 000 3925 0 288 A 72 1mind42s 7.42GB
| Very-large-scale 986 054 868 0 288 B 72  6h21] min 604 GB |
Epidemiology use case (Figure 6C)
Measles 2010 0 1000 A 1 053s 381 MB
Seasonal Influenza 20200 0 2500 A 1 1641 s 383 MB
Large-scale (measles) 10 050 000 0 1000 A 72 59.19s  587GB
| Very-large-scale (measles) 1 005 000 000 0 1000 B 72 2hOmin___ 495GB]
12

Source: Breitwieser et al. 2021, https://doi.org/10.1093/bioinformatics/btab649
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Community Impact
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Ongoing BioDynaMo Projects

» Spatial spread of HIV in Malawi with the UNIGE
 Retinal self-organization

e Radiation induced lung injury simulation

* Substitute in-vitro experiments with simulations

* Modelling COVID-19 spread in closed environments
» Simulation of financial markets

* Wealth distribution in societies

« Simulation of mosquito borne diseases

14



Agent-Based Modelling of Social-
Ecological Systems

* Understanding Social-Ecological Systems (SES) is crucial to
supporting the sustainable management of resources

 ABM is a valuable tool to achieve this because it can
represent the behaviour and interactions of organisms,
human actors and institutions

 ABM have already been widely used to study SES

 However, ABMs of SES are by their very nature complex and
compute intensive

15



Example Ecological ABM's

e |[nteraction between human and the natural
habitat of wildlife (road construction,
deforestation, animal reproduction)

« Smart cities where traffic is based on ABM and
derived predictions

 Modeling the spreading of wildfires in order to
reduce large forest fires

16



Summary

* BioDynaMo is capable of simulating billions of
agents in a wide variety of research fields.

* BioDynaMo is a generic Agent-Based
Simulation toolkit well suite to also model SES

 We are looking forward to work together with
domain experts on creating proof of concept
social-ecological simulations

17



Questions?

For more see https://biodynamo.org

18
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