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Reservoir computing is a brain—inspired machine—learning framework that has been successfully used in
information processing. A state—of-the-art methodology, called time—delay reservoir (TDR), realizes the
reservoir using a single nonlinear physical node with delayed self-feedback. A major advantage of the
TDRs is that they can be easily implemented in hardware. This novel paradigm has been demonstrated in
several hardware implementations based on analog electronics, electromechanical devices and opto—
electronic devices.

In the TDRs, noisy fluctuations in their surrounding environment and quantization noise have non—
negligible impacts on their performance. It is necessary to reduce both internal and external noise
effects by using noise mitigation techniques. Indeed, noise susceptibility of the TDRs is closely
related to their robustness and adaptability

This dissertation develops methods to improve the noise robustness of the two important types of TDRs
in the context of the Fisher memory curve. (1) For single node delay-based reservoir computing, a method
to optimize the input mask in a task—independent manner is developed for improving memory performance in
the presence of state noise. We theoretically show that the input mask obtained as the maximal principal
component of the spatial Fisher memory matrix optimizes the memory performance of such TDRs with small
input signal and Gaussian state noise. The single Mackey—-Glass oscillator is used to demonstrate the
effectiveness of the proposed method via benchmark tasks strongly depending on memory. Compared with the
existing optimization method, the proposed one is running—time—efficient and significantly improves
memory performance in the presence of state noise. The memory—nonlinearity trade—off in view of the
input masks is investigated using the chaotic times series prediction tasks. We also show that the echo
state property of such TDRs impaired by state noise can be improved by the optimized input masks via the
consistency parameter. (2) This method for input mask optimization is extended for hierarchical deep
TDRs coupled unidirectionally. The coupled Ikeda systems are used to illustrate the proposed method
Analogously to the case of the single Mackey—Glass oscillator, we confirm the efficacy of the proposed
method on the benchmark memory tasks and investigate the memory-nonlinearity trade—off by using chaotic
times series prediction tasks. We also show that the consistency of each layer can be improved by the
optimized input masks. In conclusion, the proposed methods facilitate the design of the input masks for
improving noise robustness of TDRs on memory tasks
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