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Dr. Fabien DELALONDRE (Blue Brain Project, EPFL, Geneva) will present a 
seminar entitled: 
 

“Brain simulation: Review of used numerical methods and  
challenges for reaching extreme scale.” 

Abstract:  
The Blue Brain Project (BBP) of the École Polytechnique Fédérale de Lausanne (EPFL) aims to build detailed 
reconstructions and simulations of the rodent and human brain.  
At the cellular scale, the BBP uses the NEURON simulator [1] to model the electrical activity of large networks of 
morphologically detailed neurons. Each individual neuron is typically described by a model that couples the actions of 
localized membrane mechanisms with an electrical system described by the cable equation on a network derived from 
the neuron’s dendritic tree. NEURON discretizes the electrical problem with a scheme derived from finite volumes. The 
system is then solved in time with an implicit Euler or Crank–Nicolson scheme, using Strang splitting to decouple the 
evolution of the mechanisms from the membrane potential [2]. Outside of gap junctions, neurons are coupled chiefly by 
spike exchange taking place at network minimum delay time, which allows for excellent weak scaling at large scale (786 
thousand cores and 3.1 million threads) [3]. At the subcellular level, the BBP uses the STEPS simulator [4] to model the 
reaction-diffusion of systems in complex geometries. STEPS uses a new operator splitting scheme that couples the exact 
Gillespie SSA algorithm for the reaction Markov-jump processes with a distributed diffusion, allowing the modeling of 
stochastic reaction–diffusion process in large tetrahedral meshes. The first parallel implementation has been shown to 
scale up to approximately one hundred cores [5]. As the next generation of supercomputers are expected to present an 
additional order of magnitude of node-level parallelism, it is necessary to review the numerical schemes used in both 
NEURON and STEPS in the context of petascale and exascale computing. In this presentation, we will first present a 
detailed review of the methods used in each simulator before describing the challenges associated with extreme scale 
computing. Finally, based on this analysis we will propose future areas of research and development in the field of 
numerical methods as applied to computational neuroscience. 
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