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Furthermore, such a phase transition is expected to be characterized by a spontaneous
symmetry breaking [87], which can be measured by several metrics. Here, we used the
population vector for that purpose, calculated as % Zgzl spe'®* where ¢y, = 27k/N.
Although in our case the boundary conditions are not periodic, we assume their effect to
be negligible since N > 1.

Learning rules

The goal of the network is to find the set {W*, K* T*} which maximizes the entropy
H(s) of the steady state outputs. To do so, we used the objective function described
in [42], with additional regularization terms on the ¢; and ¢» norms of W and K,
respectively:

A
e=— (log (XTX)>X+/\WZ|WU|+7KZK¢21€, (3)
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where x;; = g;] is the Jacobian of the transformation given by x = ¢W, and

6= —-GK)'G [42].

This objective function, without the regularization terms, would lead to an increase
in the singular values of x. One way to achieve that goal is to decrease the eigenvalues
of (I — GK) to zero, which may lead one of them to turn slightly negative due to
numerical errors. This will result in instability of the fixed point and a phase transition,
as discussed above. The goal of the regularization terms is to prevent this phenomenon,
which is a general property of unregularized entropy maximization systems of
continuous variables [88].

The learning rules were derived using the gradient descent method, as in [42]:

Am’z—wgg;=n(<drﬂx+ft+yfﬂ>x—AwSUV0
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where y; = (xxT9),, (5:/((#;%3, h = Z]M=1 Wiz + Z]Ic\/'=1 Kisk — T, S (A) is defined by

(S(A)),;; = sign (Ai;) and x* stands for the pseudo-inverse of x (in the overcomplete

case used here, y* = (XTX) x").

Auditory inputs

The input stimuli were chosen according to certain heuristics to emulate the system’s
response to tones of varying frequencies and amplitudes. Each input sample embodies
the reaction of the auditory hair cells to a combination of tones of certain frequencies.
The input profile for a pure tone is centered on the neuron that best matches that
frequency, and drops off to neighboring neurons to form a narrow Gaussian response
curve. The amplitude and the frequency were selected at random with a uniform
distribution on the permitted ranges. In addition to the input response, all neurons
feature some spontaneous activity that is irrespective of the inputs to model the neurons’
reaction to background noises and non-stimulated motion of the hair cells (Fig. 1B).
The amplitudes of natural sounds are not uniformly distributed, loud sounds being
exponentially less common; however, the response of the inner hair cells is determined
not only by the absolute amplitude of the sound, but also by the reactivity of the
basilar membrane, as controlled by the outer hair cells. This serves as an automatic
gain control mechanism, giving the inner hair cells use of their full motion capacity for
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normal inputs. Therefore, we hold the uniform distribution to be a good approximation
to the output of the inner hair cells when presented with natural sounds [89, 90)

To model sensory deprivation, we attenuated the higher half of the frequency domain
by applying a (monotonically decreasing) sigmoid envelope to all stimuli (Fig. 1C). The
choice of attenuating the higher frequencies was based on the most common type of
hearing loss [91,92], but attenuation could be applied to other frequency bands.
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