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A python package to facilitate the development, parallel simulation, optimization 
and analysis of biological neuronal networks using the NEURON simulator. 

Funded by: 

Dura-Bernal et al, 2019, eLife 



 
         

 

High level specifications 
A standardized, declarative, human-readable Python format to define the model 

Dura-Bernal et al, 2019, eLife 



        

             

 Parallel Simulation 

● Set up for MPI parallel simulation across multiple nodes (via NEURON simulator). 

● Takes care of balanced distribution of cells and gathering of simulation output from nodes. 



  

 

 

Multiscale measures 
LFP / CSD    EEG / Current Dipoles 

Dura-Bernal et al, 2019, eLife 



   GUI for Development, Simulation, Analysis 



     Growing community: >50 Labs, >90 models 



 used in >30 publications 



            

           

         

                   

              

               

             

                    

                  

        

             

      

  Active Grants using NetPyNE (US-based) 

● 2023-2028; $18M; NIH Conte Center P50: "Neurobiology and Cognitive Role of Slow Brain Network Fluctuations” 

● 2023-2028; $4.5M; NIH R01: "Neural Recording and Simulation Tools to Address the Mesoscale Gap" 

● 2023-2028; $3.5M; NIH R01: "Dynamic circuit motifs underlying multimodal interactions in primate auditory cortex" 

● 2023-2028; $300k; NYS DOH : "Restoring motor function after spinal cord injury using multiscale modeling to decode neural latent dynamics from motor cortex EEG" 

● 2023-2027; $3.7M; NIH U24: "Advancing Bio-Realistic Modeling via the Brain Modeling ToolKit and SONATA Data Format" 

● 2023-2026; $300k; The Hartwell Foundation: “Utilizing neuronal simulations to tailor therapies for children suffering from channelopathy related neurodevelopmental disorders” 

● 2022-2026; $2M; NIH R01: "Extension of NEURON simulator for simulation of reaction-diffusion in neurons" 

● 2022-2025; $3.5M; NIH R01: "Secondary analysis of resting state MEG data using the Human Neocortical Neurosolver software tool for cellular and circuit-level interpretation" 

● 2021-2023; $330k; NIH R21: "Combined EEG and in silico modeling to investigate the mechanisms of ketamine's sustained antidepressant effect in patients" 

● 2019-2023; $3.4M; NIH R01: "Cortical and thalamic mechanisms of selective auditory attention" 

● 2019-2023; $1.5M; NIH U24: "Dissemination of a tool for multiscale modeling of brain circuits" 

● TOTAL: >$40M; (+6 grants under review > $20M) 



     
 

Detailed model of motor cortex (M1) circuits 
  300 um diameter column 10,000 neurons 30 million connections 



      A simulation requires a lot of computing power 

1 second 
simulation 

 100 cores 
3 hours 



  

 
  

   

Need to run 1000s of simulations 

1) Find model parameters that 
reproduce real brain activity 

1) Experiment with simulated brain 



   

 

1000s of simulations require massive power 

 1000 x 1 second 
simulations 

100,000 cores 
3 hours 



 
       

   

"Exploring cloud GPUs to accelerate multiscale simulations 
of brain circuits using NetPyNE and CoreNEURON" 

Up to 40x speedup using GPUs 



 
       

       

"Exploring cloud GPUs to accelerate multiscale simulations 
of brain circuits using NetPyNE and CoreNEURON" 

Aim 1: Evaluate cloud GPUs to simulate large-scale brain circuit models 

 
  

Auditory thalamocortical 
model (14k neurons) 

 
  

Somatosensory cortical 
model (37k neurons) 



 
       

       

"Exploring cloud GPUs to accelerate multiscale simulations 
of brain circuits using NetPyNE and CoreNEURON" 

Aim 1: Evaluate cloud GPUs to simulate large-scale brain circuit models 

 
  

Auditory thalamocortical 
model (14k neurons) 

 
  

Somatosensory cortical 
model (37k neurons) 

Cloud GPUs 



 
       

          
   

 

"Exploring cloud GPUs to accelerate multiscale simulations 
of brain circuits using NetPyNE and CoreNEURON" 

Aim 2. Evaluate clusters of GPUs to explore and optimize 
the parameters of large-scale brain circuit models. 

Large-scale parameter 
exploration and 

optimization 



 
       

          
   

 

"Exploring cloud GPUs to accelerate multiscale simulations 
of brain circuits using NetPyNE and CoreNEURON" 

Aim 2. Evaluate clusters of GPUs to explore and optimize 
the parameters of large-scale brain circuit models. 

Large-scale parameter 
exploration and 

optimization 
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