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Exercise: Memory trace dynamics in Dynamic Fields

The memory trace is an elementary learning mechanism for neural dynamical
fields that can be described by this dynamics for a memory trace field, umem:

u̇mem(x, t) = − 1

τmem

(
umem(x, t) +

∫
dx′ wmem(x − x′)σ(u(x′, t))

)
In words: The memory trace receives excitatory input from any supra-
threshold activation in the activation field, u(x, t). This input is mediated by
a gaussian kernel, which spreads the memory trace somewhat around the lo-
cations that are activated in the u-field. The time scale of the memory trace,
τmem, is typically slower than that of the activation field. We postulate that
this time scale is shorter for a growth of the memory trace than for its decay.
This is modelled by the parameter, τmem, being smaller at locations in the
memory trace that currently receive input than at locations that currently
do not receive input. When there is no input anywhere because there is no
peak in the activation field, the memory trace is not updated at all.

The formalization of this idea is:

τmemu̇mem(x, t) = −σs

(∫
dx′σ(u(x′, t))

)
· (1 + α Smem(x, t)) [umem(x, t) − Smem(x, t)]

where Smem is the input to the memory trace from the activation level:

Smem(x, t) =
∫

dx′ wmem(x − x′)σ(u(x′, t))

and α is the increase in the growth rate at memory trace locations that
receive inputs. The sigmoid, σs, that shunts the memory trace dynamics
could be sharper than the sigmoid used elsewhere as it represents another
kind of process (probably synaptic).

Conversly, the memory trace provides excitatory input to the activation
field, preshaping it at those locations at which a memory trace has been
accumulated:

τ u̇(x, t) = −u(x, t) + h + S(x, t) + umem(x, t) +
∫

dx′ w(x − x′) σ(u(x′))

The actual
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1. Use the program simulator1layer scenario.m to explore, how a mem-
ory trace builds up over several trials. The scenario programmed into
this simulator uses a number of different inputs across the different
trials, which induce peaks at different locations. The memory trace re-
flects this activation history but also being to influence that activation
history as it builds up.

2. You can then change the experimental scenario by defining other sets
of stimulus conditions.
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