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Division HPC in Neuroscience

= SimLab Neuroscience

= NVIDIA Application Lab
= Power Acceleration and Design Centre

= Project management
»> Human Brain Project
> Helmholtz Portfolio Theme
Supercomputing and Modeling
for the Human Brain (SMHB)

Members of and coordinated with
» Bernstein Network
> JARA-HPC
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Simulation
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Statistical Neuroscience, INM-6

Scientific Guidance:
Sonja Griin

3D PLI team, INM-1

Scientific Guidance:
Katrin Amunts

Reid et al. (2009)
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Simulation projects

NEST

INM-6, NMBU, BU-Wuppertal
Arbor

CSCS, BSC, Palermo, Yale

TVB for HPC — Virtual Connectome
INM-7, Charité, U Indiana, CNRS, Aix-Marseille

Connectivity Generation

NMBU, KTH, RUB

Structural plasticity during brain
repair and memory formation

INM-7

Support for neuromorphic hardware
platform SpiNNaker

INM-6, U Manchester

APET — detector simulator
INM-4

Simulation

Scientific Guidance:
Markus Diesmann

Structure
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Arbor

» Simulation of networks of morphologically detailed neurons
= Optimized for heterogeneous many-core hardware
« Modern C++ and CUDA

* Optimized backends: CUDA, KNL and AVX2

» Modern development practices:
* Open-source and open-development
* Unit-testing, continuous integration and validation
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NEST

= Long standing collaboration with INM-6 and NMBU

= New features

* Interactive NEST Steering
« Structural Plasticity

New software releases (NEST 2.12.0 and 2.14.0)

= New journal article on synapse modelling

» Diaz-Pier et al. (2016) Automatic generation of connectivity for large-

scale neuronal network models through structural plasticity. Front.
Neuroanat. 10(57)

Conference contribution on code generation

» Plotnikov et al. (2016) NESTML: a modeling language for spiking
neurons. Modellierung 2016, Karlsruhe, Germany
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Activity projects

= HPC for Elephant - Activity
Electrophysiological e
Analysis Toolkit B ':,ﬁ"-:.:::;.:'.:_f;:.::'::’ff Rl
INM-6 Bammas . T

= Provenance tracking for data
analysis workflows
INM-6

Scientific Guidance:
Sonja Griin

Simulation Structure
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HPC for Elephant
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» Parallelization and optimization of ASSET method

» Evaluation of HBP PCP systems /
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Structure projects

= Polarized Light Imaging

INM-1

= Neuroimaging Analytics
INM-1, INM-7

measured voxel size
64 m x 64 um x 70 um

measured voxel size [

fiber orientation map 1.7 umx 1.7 pum x 70 tm

Structure

Scientific Guidance:

Katrin Amunts Reid et al. (2009)

Simulation Visualisation Activity
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Polarized Light Imaging

= Goal: Reconstruction of the spatial structure of nerve fibers in
the brain at the microscopic level (project of INM-1)

= Complex computational workflow: Determine fiber directions
from image data

= Large amount of data: Several 100TB for one brain
SLNS contributions in 2017:

» Deep convolutional neural networks for image segmentation
« Orientation analysis library
« Workflow error analysis

e (Calculation and use of calibration data for 3D-PLI
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Visualisation projects Visualisation

. VisNEST =

RWTH

= Interactive NEST Steering

INM-6, NMBU - :
« Modular Science o
RWTH, UPM, URJC Thorsten Kuhlen ’
= Graph Visualization Library
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Teaching and Training

Completed dissertations

>
>
>

Patrick Herbers — MSc
Dimitri Plotnikov — PhD (Computer Science)
Kim Sontheimer — BSc and MATSE

Training

>

YV VYV YV VY VY

Course: Introduction to GPU Programming Using OpenACC (FZJ)
Course: Porting Code from Matlab to Python (FZJ)

Course: Software Development in Science (FZJ)

Hackathon: GPU Hackathon EuroHack

Hackathon: NEST Structural plasticity hackathon

Workshop: Connectivity generation, exploration and visualization for large scale
neural networks (Bernstein Conference)

Workshop: High Performance Computing (HPC) Resources for Parallel Simulation

AN INITIATIVE OF

and Data Analysis: NSG and HPAC (SfN2017)
/R\N11-I
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Other Activities

- InVOIVement in infraStrUCture Simulation Visualisation
projects (FedApp, Fenix, ICEI) _

* I[nvolvement in grant proposals
(DEEP-EST, TOBRAPOP)

= Preparatory access support

= Software maturity survey and
customised guidance

* Provide expertise to Bernstein
Network
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Publications

» Diaz, S. ; Naveau, M. ; Butz-Ostendorf, M. ; Morrison, A. (2016) Automatic
Generation of Connectivity for Large-Scale Neuronal Network Models through
Structural Plasticity
Frontiers in Neuroanatomy 10(57), 1662-5129

= Axer, M. ; Strohmer, S. ; Graldel, D. ; Bucker, O. ; Dohmen, M. ; Reckfort, J. ; Zilles,
K. ; Amunts, K (2016). Estimating Fiber Orientation Distribution Functions in 3D-
Polarized Light Imaging. Frontiers in Neuroanatomy 10(40)

» Lippert, T. ; Luhrs, A. ; McMurtrie, C. ; Orth, B. ; Pleiter, D. ; Schulthess, T. (2016)
Human Brain Project: Towards a European infrastructure for brain research.
Innovatives Supercomputing in Deutschland; 14(2), 88-92

» Kunkel, S. ; Schenck, W. (2016) The NEST Dry-Run Mode: Efficient Dynamic
Analysis of Neuronal Network Simulation Code. Frontiers in Neuroinformatics 11(40)

» |Ippen, T.; Eppler J.M.; Plesser H.-E.; Diesmann M. (2017) Constructing Neuronal
Network Models in Massively Parallel Environments. . Frontiers in Neuroinformatics
11(30)

+ 5 contributions to books/conference proceedings
+ 9 poster abstracts

+ 2 journal articles under review AN INITIATIVE OF
/ RWTH A JULICH
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