The BioDynaMo Platform:
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BioDynaMo Is a high-performance and modular,
agent-based simulation platform written in C++,
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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) 0054 740 65 536 500 A 72 36s  6.02GB
| Very-large-scale 1 018 644 154 5 606 442 500 B 72 1h26 min 436 GB |
Oncology use case (Figure 5)
2000 initial cells 4177 0 312 A 1 1.05s 382 MB
Large-scale 1 000 3925 0 288 A 72 1min42s 742GB
| Very-large-scale 986 054 868 0 288 B 72  6h2l min 604 GB |
Epidemiology use case (Figure 6C)
Measles 2010 0 1000 A 1 0.53s 381 MB
Seasonal Influenza 20 200 0 2500 A 1 16.41 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]
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Impact of Speed an iciency

* Simulate larger and more
complex models

* Reduce development time

* Explore bigger parameter
space

Rule generation

High throughput data
cell interaction data

e Reduce cost

——>» Experimental |
Hypothesis integration Parameterization
generation data set

and testing
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Separate validation
data set

Validation
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Modular Software Design
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Features and abstraction layers

Simulation

* Agent geometry: sphere, cylinder

* Agents: Cell, NeuronSoma, NeuriteElement

* Behaviors: Secretion, Chemotaxis, Proliferation,
GeneRegulation

* Extraculluar diffusion

* Agent interaction force

Generation of agent populations
Agent reproduction & mortality
Environment search

Multi-scale simulations

Dynamic scheduling

Statistical analysis

Parameter management
Parameter optimization
Hierarchical model support
Hybrid-modeling

Space boundary conditions

Parallelism & thread-safety
Performance optimizations

Web-based interface
Backup & restore of simulations

GPU support * Quality assurance
Visualization infrastructure
OpenMP ROOT ParaView Others
Linux / MacOS
(Multi-core) CPUs GPU

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

Simulation

BioDynaMo’s model
building blocks

BioDynaMo’s high-level
features

BioDynaMo’s low-level
features

Libraries
Operating System

Hardware ;
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Demo
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Main BioDynaMo Article

Bioinformatics, 2021, 1-8
doi: 10.1093/bicinformatics/btab649
Advance Access Publication Date: 16 September 2021

Qriginal Paper

Systems biology
BioDynaMo: a modular platform for high-performance

agent-based simulation

Lukas Breitwieser © **, Ahmad Hesam'*'*, Jean de Montigny’,

Vasileios Vavourakis*®, Alexandros losif*, Jack Jennings®, Marcus Kaiser®’:®,
Marco Manca @ ?, Alberto Di Meglio’, Zaid Al-Ars®, Fons Rademakers’',

Onur Mutlu®*'%* and Roman Bauer''*

Bioinformatics Journal (Oxford)
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Roadmap

* Release v1.02

* Improvements for continuum-based approach
(see Tobias talk).

e Distributed runtime

Domain decomposition

Distributed system architecture
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Summary

* Due to our tireless efforts, BioDynaMo is capable of simulating billions
of agents in a wide variety of research fields.
 We added numerous new features
— Parameter space exploration
- Statistical analysis
— Multiple execution modes (e.g. randomization)
— Hierarchical model support

* Improved ease-of-use and documentation
- 15 new BioDynaMo notebooks
- 11 demos
— Can be explored from within the web-browser without installing BioDynaMo
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Questions?

Lukas.Breitwieser@cern.ch
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Supplementary Material
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15 BioDynaMo Notebooks

=) Examples Documentation Gallery Getting Started Forum Blogs About Us

Notebooks

This is a list of BioDynaMo notebooks:

Examples On this page

agents in 3D s

Demos Create agents in 3D space Bz
| Notebooks

Author: Lukas Breitwieser, Filename: ST01 model-initializer.ipynb

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

Agent reproduction advanced

Environment search

Generate random samples from a user-defined
distribution

Author: Lukas Breitwieser, Filename: ST02 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.

Dynamic scheduling

Randomize iteration order

14
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Create agents in 3D space

Author: Lukas Breitwieser
In this tutoriel we want io demansirate different funcions io initiakze agents in space.

Lat's start by sstting up BioDymaho notabaaks.

%jsroot on
OROOT->LoadMacra( "S{BOMSYS}/etc/ raotlopon . C7) ;
INFD: Crested simulation object *simulation’ with UnigueName='simulation’.
Wause SphericalAgent s with diameter = 10 for all consecutive examples.

suts creste sgent = []{comst Double3& posttion)
auto agent = new Sphericaligent{position]):
apent->setDiameter|18);
return agent;

b
‘Wa defina the number of agents that should be created for functions that reguire this parameter.

uint04_t num agents = 388;

‘Wa defina two hefper functions that resat the simulation to the empty stata and ona to visualize the result.

woid Clear(]
simulation.GetResourceManager| )->Cleargents|];

}

woisd vis() {
imuLation er(}->FinalizeInitializaticn};

VisualizeInNotebaoky);

1

Create agents randomly inside a 3D cube

CUbe: Tmis = Ymin = Zmin = —200 8 Tz = Y
By datault a uniform random number distribution is used.

Cleary);
ModelInitializer::CreateAgentsAandon| -2
vis(}:

. 288, num_agents, create sgent]):

Create agents randomly inside a 3D cube using a gaussian distribution
Cube: Zpjy = Zmin = —200 8nd Trar = Ymar = Zmar = 200
Gaussian: i = 0, - = 20

Note tha extra paramener rig passed o CreateAgentsRandom

Cleari):
auts rng = simulation.GetRandem| )->GetGausRna(8. 23):
ModelInitializer::CreateAgentsAandon(-268, J88, num_agents, create agent, &rmg}:

vis(}:

'Y
L]

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 create a histogram of all agent diameters in the simulation and fit a function to the data.
Lat's start by satiing up BioDynaMo natabaaks.

xjsroat on
GROOT-LoadMacro (*5 {8OMSYE} fetc/rootlogon. C) ;

INFD: Created simulation object 'sSimulation’ with UniqueNames'simulation’.

We want to define & funclion that crestes & call at a certain position with diametess drawn from a gaussian distribution with ¢ = 20 and o = 5. The smallest diametar should be larger than 2.0

simulation.GetResourceManager( ) -=ClearAgents|);
sute rng = simulotion.GetRandom| )-=GetGousRng (29, 3);
suto create celt = (4] (const Double3s position) {
Cett® cell = mew Cetl (position):
double diameter = std::max{2.8, rng.Sample(}};
el1-~Setdiameter (dismeter);
return cett;
b
0, zmin = ymin = 200, Tmaz = ymaz = 200, and spacing - 20 in bolh dimensions.

Now that we dafined create cell we can usa it to create 400 calls on a plane with =

aUto T = [][cONSt doubles x, const Oouble* params) { Feturn 8.8: }

ModelInttinlazer: :CreateAgentsOnSurface(f, {}, -289, 286, 28, -208, 266, 20,
create_cell)
|-=FinalizeInitialization();

VizualizeInMotebook (388, 388);

Tha next step is to create 2 histagram abject with 100 bins in tha intarval [2, 40
The secand line craates & function which fills the histogram with the ciameter of the given agent
The third line calls the funcion FiLL far each agent, thus adding all diameters to the histogram

THIF n{“myHista", "Apent Diameter HWistopram;Dismerer:Count”, 188
suto fill = L2F{[5] {Agent* a, AgentHendle){ h.Fill{a-=GetDismeter()); }}:
Lat o L

Let's draw the final histagram.
Bafore we have Io creata a TCanvas objact in order to display the resuit in this noteboak.

Wa alsa modify the default colar and create a grid.

Teamvas (™", "7, 488, 388);
h.SetFilicolor (KElue - 18);
c.SetGrid(}:
b Draw

c

Agent Dismeter Histogram

1.
Rt

Finally, we can iry to fit a function to the data in the histogram.

Since w crew samples from a gaussian random number ganerator whan we created our cells, we expact that  gaussian will fit cur data

> e owmom = oW g =
FCW-73.1872 FROM MIGRAD  STATUS-CONVERGED 78 CALLS 73 ToTAL
EDMeC.TODEZE-88  STRATEGY= 1 ERADR MATRIX ACCURATE

EXT PRRAMETER sTER FIRST

N NAME VALUE ERROR. s1zE DERIVATIVE

1 Constant 3.303842408  7.69967¢-B1  2.21643c-63  4.028402-04

7 Mean 1.37314e481  3.23437e. 1.30814e-83 -3.03230c-84

3 sigma 3.48100e4BB  3.174232.81  0.23484e-83  2.34282¢-82

https://biodynamo.org/notebooks/STO08-histograms.html
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BioDynaMo Demos

Binding Cells Cell Division Diffusion Multiple Parameters B

Simulations

11

3
g
H
g ;:;
| I
H]
[]
L ]
[]

Try Now Try Now Try Now
Epidemiology Gene Makefile Shml Soma -
Regulation Project Integration Clustering B
& 1
% 0.8+
ﬁ:: 0.6 " SR analyioal |
Soa ) -
§'02- o
o OJ 7_
0 200 400 600 BOO 1000
Time [h]

_—

.

Try Now

16
ZUuric /Y ™, openlab
https://biodynamo.org/examples/demos


https://biodynamo.org/examples/demos

Release v1.02

New Features

* Added parallelized optimization manager #205

* Added googletest support for simulations #187

*Improved biodynamo cli #215

* Added experimental version of the automated benchmarking suite #202
* Added CopyExecutionContext

* Added support for different execution orders

*Introduced execution context interface #189

* Reduced memory consumption of the BDM memory manager #186

* Added SphericalAgent

* Added toroidal space boundary condition

* Added RandomizedRm to randomize the iteration over all agents

* Added support for hierarchical agent-based models

* Added analysis classes to simplify data collection and plotting #177

* Improved random number generation

*Added Scheduler::SimulateUntil(exit condition)

* Added class LambdaFunctor and function L2F to simplify functor creation #175
* Added octree and kd-tree as alternative environments #169

Bug Fixes

* Added simulation dependent diffusion time step #198

* Fixed bug in diffusion grid initialization #199

* Fixed MathArray::Norm and Normalize for zero vector #194
*DonotcallRm: :EndOfIterationin ExecCtxt::SetupIterationAll
* Fixed errors in the static agent detection mechanism #191

* Fixed race condition in DiffusionGrid: :ChangeConcentrationBy

* Changed BioDynaMo version from vXX.YY-ZZ-gSHA to vXX.YY.ZZ-SHA #216 17

E""ZUFiCh C\E/RW {:;’g%qgnlab

NS



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

