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Brain has evolved under Space Weight and Power (SWaP) Constraints 

2Motivation 

“…the brain manages to produce poetry, design 
spacecraft, and create art on an energy budget of 20 
W, a paltry sum given that the computer on which this 
article is being typed requires 80 W.”     
-Balasubramanian, Brain Power, PNAS



3 Quantifying Complexity

Dynamical Component Analysis allows us to differentiate noise from dynamics

The complexity of a neuron is the minimum number of dynamical components 
needed to achieve a maximum of predictive information 
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David G. Clark,Jesse A. Livezey,  Kristofer E. Bouchard NeurIPS 2019



4Current Progress

From data alone PI can differentiate ‘kinds’ of neurons   

Simulations by Roy Ben-Shalom at UC Davis
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Biological determinants of intrinsic neuronal complexity 

Current Progress

Axonal v3.1-type K⁺ conductance facilitates rapid action potential repolarization

Stochastic K⁺ somatic Conductance influences action potential threshold variability

dendrites have been thought to potentially be semi-independent computational subunits 



The SWaP Cost Of a Neuronal Component
SWaP Cost InformationCA_LVAst

ODEs
FPGA

● 500 LUTs
● 500 FFs36 DSP 

slices 1 
BRAM18/3615 mW at 
100 MHz
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Thanks 
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Collaborators:  Kristofer Bouchard, Kailin Zhunang , Dilip 
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