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The principles and essence behind the acquisition of internal time within
the mind present a challenging research topic, resistant to straightforward validation through
mathematical modeling. In this study, we assumed a scenario where a recurrent neural network is
trained on time-series patterns and theoretically investigated the required functions of memory and

nonlinear operations, associating them with spontaneous activity dynamics without input. We
particularly focused on spontaneous activity and analytically examined the relationship between the
proportion of neurons receiving input signals and the conditional Lyapunov exponent using dynamical
mean field theory. As a result, it became clear that to perform as a reservoir, the intensity of the

input signal must be at least a certain level, and the proportion of input signals must exceed a
certain critical value.
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