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Overview: Biophysical modeling of hippocampal networks at full scale
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Parallel, efficient, flexible data storage for large-
scale network models

Towards a general framework for modeling 
large-scale biophysical neuronal networks: a 
full-scale computational model of the rat 
dentate gyrus

Raikov… Soltesz, 2021.

https://www.biorxiv.org/content/10.1101/2021.
11.02.466940v1

Spatial selectivity in a biophysically 
realistic setting

Realistic 3D anatomy and topographical gradients 
of functional and connectivity properties

Reconstruction of hippocampal 
volume

Model of dentate gyrus volume with 
layer-specific somata distribution



Surrogate-assisted optimization overview



Gaussian Process Regression for Surrogate Modeling



Surrogate-Assisted Optimization With Evolutionary Algorithms



Surrogate Optimization Case Study: Peaks function (1)



Surrogate Optimization Case Study: Peaks function (2)



Surrogate optimization of biophysical neuron models based on the Pinsky-Rinzel model formalism



Surrogate optimization of Pinsky-Rinzel models of neurons in the dentate gyrus: Mossy Cell



Surrogate optimization of a model of a network of the dentate gyrus (1)



Surrogate optimization of a model of a network of the dentate gyrus (2)

Reconstruction of 
hippocampal volume

Model of dentate gyrus 
volume with layer-specific 

somata distribution



Surrogate optimization of a model of a network of the dentate gyrus (3)

Results collected: 1004

Total walltime: 12.42 hours

Mean time per call: 1.3 hours

Std. dev. of time per call: 0.19 hours

Mean calls per worker: 7.8 [min 7 max 9]

Number of processes: 28544 (1024 nodes; 223 processes per 
worker)

Number of workers: 127

https://github.com/iraikov/distwq

Distributed work queue based on mpi4py



Surrogate optimization of a model of a network of the dentate gyrus (4)



Surrogate optimization of a model of a network of the dentate gyrus (5)



Summary

Computationally expensive 
model

Surrogate model

Distributed evaluation Evolutionary optimization
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