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Computational Neuroscience: Neural Dynamics

Exercise 5, due November 6, 2024

These tasks are from the Chapter 2 of “Dynamic Thinking: A primer on DFT”. That
chapter is available on the course web page under background reading. It is a good idea to
read that chapter up to and including ”detection” (ending on top of page 46).

The interactive web simulator “One Layer Field”1 solves numerically the dynamic field
with added random noise:

τ u̇(x, t) = −u(x, t) + h+ s(x, t) +
∫
k(x− x′) g(u(x′, t)) dx′ + qξ(x, t), (1)

where the sigmoidal function is given by
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The interaction kernel is given by
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− cglob. (5)

Note that in this formulation of the kernel, the amplitudes of the two Gaussian compo-
nents are normalized, such that a change in the interaction widths σ does not change
the total strength of the interaction. Localized input is supplied in the form
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. (6)

Sliders at the bottom of the graphical user interface provided by the program enable
one to control the widths, wsi, locations psi, and amplitudes asi, of three such inputs
(i = 1, 2, 3). Sliders are also available to vary the parameters h, q, cexc, cinh, and
cglob. Predefined sets of parameter values can be loaded by making a selection in the

drop-down menu on the bottom right.
The state of the field is shown in the top set of axes. The blue line shows the

current distribution of activation, u(x, t). The green line is the input shifted by the
resting level, h+ s(x, t), and the red line shows the field output (sigmoidal function of
the field activation) at each position, g(u(x, t)), scaled up by a factor of 10 for better

1https://dynamicfieldtheory.org/examples/one_layer_field.html

https://dynamicfieldtheory.org/examples/one_layer_field.html


visibility. In the bottom set of axes, the shape of the interaction kernel is displayed.
Note that the kernel is plotted over distances in the feature dimension, with zero at
the center of the plot. This interaction pattern is then applied homogenously for all
positions in the field. The goal of this exercise is to explore and reproduce different
instabilities of the dynamics.

The following tasks work best with the predefined parameter set “stabilized”. Start
out with the field in the resting state (the default) and introduce a localized input by
increasing one of the stimulus amplitudes. For small input strengths, observe how the
field (blue line) tracks the changing input (green line); this is the subthreshold solution.
When activation first reaches zero from below, the field output at that location rises
(red line). Observe how at this point very small changes in input strength lead to a
new solution, the self-stabilized peak, which has more activation at its peak than input
(blue line exceeds green line).

For each of the following tasks, perform the simulations, observe the behavior, and then
write a log of what you did, what you observed, and what that observation means. Illustrate
the outcome using screen shots or qualitative drawings performed by hand.

1. Show that, up to the detection instability, the system is bistable, by lowering
input again to a level at which you previously saw the subthreshold solution.
You can reset the field to the initial condition by pressing the Reset button.
You will find that from the resting level the field converges to the subthreshold
solution again.

2. While a self-stabilized peak stands in the field, move the inducing input laterally
with the slider that changes the location of the input function. If you do this
slowly enough, the peak will track input. If you do this too fast, the peak
disappears at the old location in a reverse detection instability and reappears at
the new location in a detection instability.

3. After having induced a peak again by increasing localized input, observe the
reverse detection instability by lowering the input strength gradually. Close to
where activation reaches zero from above you may observe the collapse of the
self-stabilized peak and a quick relaxation to the subthreshold solution.

4. Supply small subthreshold input that is not sufficient to induce peaks at three
locations. Then slowly increase the resting level until a detection instability is
triggered somewhere in the field. Observe how a peak is generated at one of the
three locations that have small input. Try to see how small you can make that
localized input and still observe the peak at one of the three locations. You can
do this with or without noise.
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