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How do we perceive space?
• After the discovery of hippocampal place cells and grid 

cells, place cells were believed to response to the simple 
Gaussian place filed.

O`keefe and Dostrovsky. 19712



How do we perceive space?
• After the discovery of hippocampal place cells and grid 

cells, place cells were believed to response to the simple 
Gaussian place filed.

Solstad et al. 20063



Gaussian place field?
However..

• Even in the 1D-shape maze, the place field was 
asymmetric after learning.

Mehta et al. 20004



Predictive map theory
• Based on the successor representation model, the 

predictive map theory was proposed.

Stachenfeld et al. 20175



The SR model, details
• It was based on the TD model. 

V (s) = E[
P1

t=0 �
tR(st)]

<latexit sha1_base64="Ry6aAJCHizDilPKkG1baiYvv490="></latexit>

• Decompose the value function into reward function and 
predictive representation of the state.

V (s) =
X

s0

M(s, s
0
)R(s

0
)
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M(s, s
0
) = E[

P1
t=0 �

tI(st = s
0
)|s0 = s]

<latexit sha1_base64="Gj9npkjpsNsvLwKbqIDD7dVjuWI="></latexit>

• M indicates expected discounted future state (s’) 
occupancy
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M similar with place field

Stachenfeld et al. 20177



How the SR agent learn?

• Temporal difference learning

Mt+1(st, s
0) = Mt(st, s

0) + ⌘[I(st = s0) + �Mt(st+1, s
0)�Mt(st, s

0)]

<latexit sha1_base64="MWl1tthOomXHooR+TutrNJESkYA="></latexit>
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Question

• What are the Mt(St+1, S’) and Mt(St, S’) in the animal?

Mt+1(st, s
0) = Mt(st, s

0) + ⌘[I(st = s0) + �Mt(st+1, s
0)�Mt(st, s

0)]

<latexit sha1_base64="MWl1tthOomXHooR+TutrNJESkYA="></latexit>
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Toward biological plausible model

• What are the Mt(St+1, S’) and Mt(St, S’) in the animal?


• If M is treated as an artificial neuron,

Mt(st, s0) = Wt · Pret

<latexit sha1_base64="4Tk390U5jMZ/AdLLdoVPxSKc4Uc=">AAACGXicbVDLSgMxFM34rPVVdekm2AoVpMwUQV0IRTduhAr2AW0tmfS2Dc08SO4IZehvuPFX3LhQxKWu/BszbRfaeiDh5Jx7ubnHDaXQaNvf1sLi0vLKamotvb6xubWd2dmt6iBSHCo8kIGqu0yDFD5UUKCEeqiAea6Emju4SvzaAygtAv8OhyG0PNbzRVdwhkZqZ+zcTTvGUV4n9zHV93EzVMKD0RG9oLVEpE3eCZCWFSSvXDuTtQv2GHSeOFOSJVOU25nPZifgkQc+csm0bjh2iK2YKRRcwijdjDSEjA9YDxqG+swD3YrHm43ooVE6tBsoc3ykY/V3R8w8rYeeayo9hn096yXif14jwu5ZKxZ+GCH4fDKoG0mKAU1ioh2hgKMcGsK4EuavlPeZYhxNmGkTgjO78jypFgvOSeH8tpgtXU7jSJF9ckDyxCGnpESuSZlUCCeP5Jm8kjfryXqx3q2PSemCNe3ZI39gff0AWdaf6Q==</latexit>

• the inner product of presynaptic input with synaptic 
weight.
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Transformation
Mt+1(st, s

0) = Mt(st, s
0) + ⌘[I(st = s0) + �Mt(st+1, s

0)�Mt(st, s
0)]

<latexit sha1_base64="MWl1tthOomXHooR+TutrNJESkYA="></latexit>

Wt+1 · Pre(st) = Wt · Pre(st) + ⌘[Pre(st) + �Wt · Pre(st+1)�Wt · Pre(st)]

<latexit sha1_base64="9L95r+7JiF+MiVIB0hMXXnrH+bY="></latexit>

Mt(st, s0) = Wt · Pret
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Based on CA1 connectivity

Wt+1·PreCA3(st) =

Wt · PreCA3(st)+

⌘[PreCA3(st) + �WTA · PreTA(st+1)�Wt · PreCA3(st)]

<latexit sha1_base64="273pn9AwsD+t40aYuHuNTMRGDJU="></latexit>
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Derived heterosynaptic plasticity

• In transforming the synaptic update rule from the SR 
model, heterosynaptic plasticity rule was revealed.

�W · PreCA3(st) = ⌘[PreCA3(st) + �WTA · PreTA(st+1)�Wt · PreCA3(st)]

�W = ⌘[�WTA · PreTA(st+1) · inv(PreCA3(st))�Wt + 1]

<latexit sha1_base64="hhg+x45SZ36z77PXSqBk9h0Os6A="></latexit>
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Comparison
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Discussion

• Conjunctive activation of TA and CA3 inputs drives 
dendritic plateau potential of CA1 place cells and forming 
new place fields.(Bittner et al. 2015)


• This biological mechanism is comparable with our 
heterosynaptic plasticity rule derived from the TD 
algorithm.
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