Encoding multiple spaces in grid-cells networks
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Grid-cells found in enthorinal cortex form a representation of
space through their receptive fields that pave space with
hexagonal lattices. It has been proposed that the firing of
grid-cells with similar grid spacing is supported by recurrent
connectivity, such that network dynamics lies on a 2-D manifold
of stable states [1]. Recent empirical evidence suggests that the
grid-cell code is not limited to physical space encoding in
enthorinal cortex, but could also subserve encoding of more
abstract spaces in other cortical areas [2]. In order to assess the
efficiency of neural networks using a grid-cell code, the present
study is focused on the problem of counting the number of grid
manifolds that can be reliably embedded in a neural network.
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Microscopic description of the network
Binary neurons:
Hebbian ynaptic matrix:

Macroscopic description of the network
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On the importance of the synaptic noise structure

f= 0.25 ; w = 0.25 ; 1/β = 0
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Square VS Hexagonal storage capacity

f= 0.1 ; w = 0.05 ; 1/β = 0.004
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Theory:
Solve SP, find the largest α such that ρ is still localized
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Computing network storage capacity
Simulations: Monte Carlo from the microscopic model
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Conclusions
• ≈100 manifolds can be stored in a grid cell
network of 10,000 neurons
• Grid cell networks as good as place cell networks
• With threshold-linear neurons,
grid cell networks perform much better (cf poster 274)

