
Computation and theory in neuroscience

How do they come about?What are the signals? Why is the brain built this way?

Spike sorting is major 
PITA. Can’t handle big 
data, e.g. 
#Neuropixels. Until 
now… #MountainSort 
and #Kilosort to the 
rescue! But: What is 
ground truth?

Need a model to predict 
ur neural responses? 
Old days: LN Model. 
Yesterday: Circuit 
model. Today: 
#artificialneuralnetwork.  
But: How relate function 
2 structure?

Why no 
#theoryofeverything in 
brain science? SAD! 
#efficientcoding good 
for some aspects. Big 
open question: 
#evolution of brain?

Three tweets and some links

http://bit.ly/2yWrzAC

http://bit.ly/2itPXmM

http://bit.ly/2yTW6yT

http://bit.ly/2mBXULn

http://bit.ly/2AZpKEw

http://bit.ly/2zQEFTe

http://bit.ly/2hB35pl

http://bit.ly/2zf9KRz

http://bit.ly/2zOH4Om



Spike sorting until a few months ago



Technical standard: home-brewed gradware

J. Pillow, Simons Global Brain Conference, 9/12/16

Typical processing time, using 128 electrodes: 10–20 x experimental time



Spike sorting in the age of Neuropixels

Typical processing time, using 128 electrodes: 0.4 x experimental time



Big data acquisition in neuroscience

Challenges:
What is ground truth about neuronal firing? About neuronal structure?
Do we have to care?

Opportunities:
Standardization of methods for observation, including shared data formats.
Vehicle for integration across a fractured scientific community



Theory in Neuroscience

Desirables:
• grounded in biology, with tools from other disciplines
• defined domain of validity
• range of predictions for experimental observables
• falsifiable



Efficient Coding Theory

“Neural codes have evolved to transmit information at the lowest metabolic cost”

The basic substance transported by 
the nervous system is information

There are serious metabolic constraints 
on how fast neurons can fire

– Lennie 2003

<1 spike/s in human cortex



Successes of Efficient Coding Theory

Based on the spatial and temporal statistics of natural images, a theory is developed .... 
Sensitivities resulting from these spatiotemporal filters are very similar to the human ... 
sensitivity.... The theory predicts several psychophysical laws: Ferry-Porter’s law, 
the de Vries-Rose law, Weber’s law, Bloch’s law, Ricco’s law, and Piper’s law.

– van Hateren 1992

– Atick & Redlich 1992

Visual processing

– Smith & Lewicki 2006

Auditory processing



Genome Behavior

Mutation Selection

How did brains get here?

Most complex 
object in the 

universe

Opportunities:
Is the brain less complex than we think?
Evolvability as a principle for brain design?

Where could you possibly find such a community?

Challenge:
To make progress on a theory for brain evolution one would need to bring 
together expertise in genetics, development, cell biology, neurophysiology, 
biological computation, mathematics…




