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where Bi(t) is the activity (firing frequency) of the STN , Gi(t) the activity of the

matching GP unit (with an inhibitory synapse), τ is the time constant and δ the synaptic

delay between the GP and STN units. α is a scaling factor for the magnitude of the

inhibitory connection from GP .

Berns and Sejnowski discretise equation 3.1 on the previous page using the forward

Euler method:

Bi(t) = σ

(
Bi(t−∆t) +

∆t

τ

(
−Bi(t−∆t)− αGi(t− δ)

))
(3.2)

as a modified version of equation 2.3 on page 16, including the sigmoidal transfer function

σ, which is an extended version of equation 2.2 on page 14 introducing a gain γ and a

bias β:

σ(x) =
1

1 + e−γ(x−β)
(3.3)

Berns and Sejnowski (1998) introduce a term λ representing the time constant scaled

by the size of the time step:

λ =
τ

τ + ∆t
(3.4)

Substituting equation 3.4 into equation 3.2 yields the form used in the update rule of

Berns and Sejnowski (1998):

Bi(s) = σ
(
λBi(s− 1)− (1− λ)αGi(s− n)

)
(3.5)

In this discrete version, s represents the discrete time step1, n = δ
∆t the synaptic

delay as a number of time steps and ∆t is the length of a time step. The transfer

function σ is described by equation 3.3 and normalises the STN output between 0 and

1 to represent the firing frequency.

What is special in this approach is that the transfer function also influences the

internal state (the membrane potential) of the STN . As shown in section 4.2.2 on

page 43 this reduces the effect of the time constants, and sets an implicit bias.

The system output is the firing frequency of the GP units, which is calculated

1Berns and Sejnowski (1998) uses t to represent both the time and the time step. To avoid this
ambiguity, this text will use s for representing the time step in discrete time, while t represents the
actual time in differential equations.


