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High-performance Computing Q(IT

How to Increase the Performance

Reality/Experiments ® First group is hardly application-driven.

& Second group is computational
Physical Parameter performance-driven.

. a Interdisciplinary collaboration with
Mathematical Model J Jakob Rosenbauer (Alexander Schug’s Lab)

Numerical Scheme
Application Program

Parallel Computing (MP], ...)

Hardware Architecture
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High-performance Computing ﬂ(IT

How to Increase the Performance

@ First group is hardly application-driven.
Reality/Experiments grotp Y app

& Second group is computational
performance-driven.

Physical Parameter

a Interdisciplinary collaboration with
Jakob Rosenbauer (Alexander Schug’s Lab)
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Mathematical Model

Application Program @ Tissue Development Model

Node/single core performance

Parallel Computing (MPI, ...) Scalable communication

Hardware Architecture

-
a
@ Introduce NAStJA framework with Cells in Silico
-

Applications
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Cellular Potts Model ﬂ(IT

Introduction

Karlsruhe Institute of Technology

® Grid based cell dynamic simulation ]
® Francois Graner and James Glazier (1992)
® Mostly applied in 2D, only few cells in 3D
@ Energie states on Hcpm

& Metropolis Monte Carlo acceptance of new states
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Cellular Potts Model ﬂ(IT

Introduction

Karlsruhe Institute of Technology

@ Grid based cell dynamic simulation

® Francois Graner and James Glazier (1992)
@ Mostly applied in 2D, only few cells in 3D
@ Energie states on Hcpwm

@ Metropolis Monte Carlo acceptance of new states
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Multi Scale - Multi Level Model AT

From Microscale to Macroscale

a Celluar Potts Model (microscale)
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Multi Scale — Multi Level Model

From Microscale to Macroscale

® Agend-based (macroscale)

® Properties on cell level

a Signaling (drugs, nutrient)
® Processing of signals

@ Cell divison
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Multi Scale — Multi Level Model

From Microscale to Macroscale

® Agend-based (macroscale)

® Properties on cell level

® Signaling (drugs, nutrient)

Q

® Processing of signals

@ Cell divison
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Parallelization using NAStJA ﬂ(IT

Spread Data and Computation

Additional cell data .= %" = ||

Field cell IDs @ -7 .
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Results
Cache Optimization
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Scalable Parallel Communication A“(IT

Overview

iy

All-to-All

2k

One-to-All, All-to-One

{2

Point-to-Point
[ N )
o o
[ N )

no communication

Karlsruhe Institute of Technology

matrix transpose, fast Fourier-transformation, residuum
calculations

master-worker, broadcasting

halo exchange

best communication (not HPC anymore)
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Scalable Parallel Communication ﬂ(IT

Preconditions to Allow Point-to-point Communication
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Results
Scalability on ForHLR Il and JUWELS

KIT

(@) d) 14—
0.8
< <
3 0.6 1 $ 0.6
f=4 f=4
L k]
& 04 & 0.4
w w
0.2 - 0.2
0 T T T 0 T T T T
20 80 320 1k 5k 48 192 768 3k 12k 49k
Cores Cores
2000 —— 4000--+-- 600D 8047 10060 - +--

3060 - +- 50060 - + 7060 - +- 90CD - +-

[Berghoff et al.: Cells in Silico - introducing a high-performance framework for large-scale tissue modeling, BMC Bioinformatics 2020]
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Application ﬂ(l'l'

Mutation and Evolution

Talk by Jakob Rosenbauer

In silico model of evolution in heterogeneous tumors and the influence of the microenvironment
in Mathematical Oncology (CT06-ONCO)

—— Pressure
Divisions
Deaths
| Mutations .
e
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Application ﬂ(l'l'

Cancer Growth and Treatments

= 1000° Voxels
® ~ 1.5 mio Cells

® 24h 1000 cores
simulation

® 1mm’ 1 year real

[Rosenbauer, Berghoff, Schug: Emerging Tumor Development by Simulating Single-cell Events, bioRxiv 2020]
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Cells in Silico is a NAStJA module for tissue development

High-performance computing ready
Modular

® Energie functions

& Signal functions

| Treatments
a .

Input via config files (GUl'in development)

nastjaviewer for fast quasi 3D visualisation

a

a

@ Paraview and python dataframe compatible for further analysis
® Open source and available under gitlab.com/nastja
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