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Fig.9 Time series analysis for reservoirs with a small number of nodes
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Learning process and stability analysis of reservoir computing

Lan Xiuwen', Chen Wei’,Gao Jian', Yan Zixiang', Xiao Jinghua'

(1. School of Science; Laboratory of Mathematics and Information Networks(Ministry of Education) s Beijing University of
Posts and Telecommunications, Beijing 100876, China; 2. College of Information and Network Engineering,

Anhui Science and Technology University, Chuzhou 233100, China)

Abstract: Reservoir computing has been widely applied to learning and predicting dynamic behaviors, enabling the pre-
diction of complex temporal signals, including chaotic systems. However, like most neural network algorithms, the learning
process of reservoir computing is often considered a black box, lacking systematic research and explanation. This paper analyzes
the learning and prediction process as a nonlinear dynamical system by establishing a minimal single-node reservoir computing
model. The study found that there is a complex mapping relationship between the training sequence and the output sequence,
which is closely related to the dynamical bifurcation properties of the system to be learned. Through stability analysis, the
phase diagram of the correspondence between input and output states was obtained, revealing the changes in the stability of the
reservoir system associated with prediction failure phenomena. Based on the analysis of the single-node system, it was further
discovered that as the size of the reservoir increases, the probability of prediction failure decreases rapidly, and the correspond-
ing stability parameter region of the reservoir expands rapidly. Using the logistic map corresponding to periodic and chaotic sig-
nals as an example, the theoretical analysis matches the numerical results completely. By analyzing the learning process and
stability of the reservoir, this paper provides a theoretical foundation from a dynamical perspective for the success of algorithms

in learning and predicting various dynamic behaviors.

Keywords: reservoir computing; machine learning; nonlinear dynamics; stability analysis
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