
NEST ROADMAP

2018-11-26  I  MARKUS DIESMANN

DENNIS TERHORST

HBP CodeJam #9
Palermo, Italy



THE NEST SIMULATOR
Open-Source Brain Simulations

• Brain-scale simulations of spiking neural 
networks

• International development since 1993

• Coordinated by public society

• GPL license

• Parallelization with OpenMP & MPI

• Model independent framework

• Python based user interface

• Extendable via MUSIC, NESTML,…

• One of the core simulators of the HBP



MANY MODELS 
– ONE SIMULATION ENGINE

…

…

 enables use of validated and optimized simulation code

concrete mathematical model JOINT PLATFORM
simulation engines



FOR SOME MODELS 
– SEVERAL SIMULATION ENGINES

…

JOINT PLATFORM
simulation engines

concrete mathematical model

 enables cross-validation of results at highest level



LOCAL CORTICAL MICROCIRCUIT
taking into account layer and neuron-type 
specific connectivity is sufficient to reproduce 
experimentally observed: 

 asynchronous-irregular spiking of 
neurons

 higher spike rate of inhibitory 
neurons

 correct distribution of spike rates 
across layers

 integrates knowledge of more than
50 experimental papers 105 neurons

109 synapses

available at: 
www.opensourcebrain.org

http://www.opensourcebrain.org/
http://opensourcebrain.org/
http://opensourcebrain.org/


BUILDING BLOCK FOR FURTHER STUDIES
 used in 17 peer-reviewed studies
 cited in 71 peer-reviewed publications



MULTI-AREA MODEL 
OF MACAQUE VISUAL CORTEX
 rich anatomical data sets available (e.g CoCoMac)

 close to human 

 32 areas structured in layers comprising 8∙108 neurons 

 downscaled model with 4.1∙106 neurons and 2.4∙1010 synapses

CDP
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 architectural types

 neuron densities and layer 4 thickness decrease up the hierarchy

 total cortical thickness increases up the hierarchy

 synapse density remains roughly constant

 → higher areas receive more synapses per neuron

CORTICAL AREAS NOT ALL THE SAME

8
Dombrowski et al. (2001) Cereb Cortex

examples of architectural types

high neuron density → low neuron density



CONNECTIVITY MAP FROM TRACING DATA

Ercsey-Ravasz et al.  (2013) Neuron

 partly binary, partly 
quantitative data

 connection probability 
decays with distance also for 
inter-area connections

 use this decay to estimate 
missing data based on 
distance between areas

 roughly 2/3 of area pairs are 
connected

 more important: connection 
density, spanning ~6 orders 
of magnitude



PUBLICATION OF MODEL STRUCTURE

manuscript just describing model construction
https://doi.org/10.1007/s00429-017-1554-4



MULTI-AREA MODEL: DYNAMICAL RESULTS
 stable resting state with heterogeneous laminar rate patterns and irregular firing
 cortico-cortical interactions trigger increased spike bursts in higher visual areas

V1 data of Chu et al. (2014) 

comparison between experimental 
and simulated data 



MULTI-AREA MODEL: DYNAMICAL RESULTS
 activity propagates in feedback direction 
 inter-area interactions mimic experimental resting-

state fMRI

Experimental data provided by 
Kelly Shen and Gleb Bezgin
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FC sorted according to Louvain clustering
(Blondel et al. 2008) 

Schmidt M, Bakker R, Shen K, Bezgin G, Hilgetag CC, Diesmann M,
van Albada SJ (2016) DOI: https://doi.org/10.1371/journal.pcbi.1006359



REPRODUCING FIGURES

Snakemake⃰-based workflow to reproduce 
figures of Schmidt et al. (2018) PLOS CB

additional README with specific 
instructions for each publication code snippet from the above Snakemake file

⃰ Köster J, Rahmann S (2012) Bioinformatics



BENCHMARKING OF NEUROMORPHIC SYSTEMS

 4 year project
 started in EU BrainScaleS
 close collaboration with Manchester
 aim: full-density model on SpiNNaker

[Potjans & Diesmann (2014) Cerebral Cortex]

[2018-11-26]

75

https://doi.org/10.3389/fnins.2018.00291
https://doi.org/10.3389/fnins.2018.00291


WORK TOWARDS JOINT PLATFORM

…

…

• Make models and data reusable
• Work towards interoperable

infrastructure elements
• Enable validation between elements

NEST
• Use MAM as next test case for on SpiNNaker
• Use MAM as test case for JP 
• Interfaces: NESTIO, NESTML
• Develop common concepts for documentation



USER-LEVEL DOCUMENTATION

EITN Workshop
• Building a common concept for 

user-level documentation
• Discussed current status, 

issues and used technologies

(hosted by WP4.2)



NEST CONFERENCE 2019
SAVE THE DATE:   24-25 JUNE 2019
The NEST Conference 2019 will be held
Monday/Tuesday

24./25. June 2019
at NMBU, Ås, Norway

Followed by a Hackathon
during the rest of the week.



Thanks!



DOCUMENTATION

README provides all technical 
information needed to instantiate
and run the model

instructions for running a simulation

software requirements

https://inm-6.github.io/multi-area-model 

https://inm-6.github.io/multi-area-model
https://inm-6.github.io/multi-area-model
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