Not all chaos is the same
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of both the original and suitably per-

turbed trajectories. Although these methods provide valuable insight into description of the system’s
dynamics for specific parameter sets, some aspects remain difficult to capture. Notably, transform-
ing a one-dimensional time series into a two-dimensional representation (as shown in Fig. 1, where
p(t + 1) = p(t) + y(t)cos(ct) and g(t + 1) = q(t) + y(t)sin(ct)), performed in the first step of the
aforementioned 0-1 test for chaos, reveals differences in system behavior that are otherwise not apparent.
In particular, it shows that simply classifying dynamics as chaotic is insufficient, as different realizations
of this regime may vary significantly.

To address this limitation, we propose a complementary approach that enables a more detailed char-
acterization of the system. The observed dynamics exhibit the presence of local attractors in (p, ¢) space.
To characterize both the local properties of individual attractors and the transitions between them, the
following measures of the system for a single neuron are considered: the time spent inside the attrac-
tor and its radius, the time spent outside the attractors, and the path length and Euclidean distance
between successive attractors. The observed random walk in the (p,q) space for two different values of
control parameter «, illustrated in Fig. 1, provides a detailed characterization of the chaotic states in the
fractional-order Hopfield network. The dynamics reveal two distinct cases of chaotic neuronal behavior,
manifested as two types of random walks with significantly different values of proposed measures, as
presented in Fig. 2.
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