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Mathematical Models of Neural Systems and Cognitive Functions -
Exercise Gjorgjieva I

Dr. Dimitra Maoutsa, Prof. Dr. Julijana Gjorgjieva

June 5, 2024

1 Exercise 1

A. Consider the symmetric spiking-time dependent plasticity (STDP) rule, represented in the plot below.

STDP rule
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Exercise 1

Mathematical Models of Neural Systems and Cognitive Functions -
Exercise Gjorgjieva 11

Dr. Dimitra Maoutsa, Prof. Dr. Julijana Gjorgjieva

June 12, 2024

1 Exercise 1

Consider two presynaptic neurons connected to a single postsynaptic neuron (panel A). Their rates are r1, ra
and rpeq. Neurons 1 and 2 project excitatory connections to the postsynaptic neuron, which also receives an
external current h

« Assuming lincar interactions and stable rates, express the steady-state rpos (no need to write a differential
equation, just the expression for the rate) as a function of the presynaptic rates, the synaptic weights,
and the input eurrent.

Now consider a Hebbian rate-based plasticity rule, where the synaptic change is proportional to the product of
the pre- and post-synaptic rates Aw = @ Tye post. Assume that a is very small, so that the changes in synaptic
weights have negligible influences on the neuronal dynamics for the duration of the experiment.

o Assuming both synaptic weights are plastic, write the equation for the change in the weights Aw, and for
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Exercise 1

Mathematical Models of Neural Systems and Cognitive Functions -
Exercise Gjorgjieva I1

Dr. Dimitra Maoutsa, Prof. Dr. Julijana Gjorgjieva

June 12, 2024

1 Exercise 1

Consider two presynaptic neurons connected to a single postsynaptic neuron (panel A). Their rates are r1, 72
and rpow. Neurons 1 and 2 project excitatory connections to the postsynaptic neuron, which also receives an
external current h.

o Assuming linear interactions and stable rates, express the steady-state rpes (no need to write a differential
equation, just the expression for the rate) as a function of the presynaptic rates, the synaptic weights.
and the input current.

Answer. Tpow =, wir; +h"P" where w; denotes the weight from neuron i to the post-synaptic neuron
and AP the input current.

Now consider a Hebbian rate-based plasticity rule, where the synaptic change is proportional to the product of




