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Certain results were obtained regarding the modeling of complex collective
motion and methods for time series analysis. In the experimental study of collective motion, the
bifurcation phenomenon in the motion of multiple self-driven particles was clarified. In time series

modeling, we implemented a reservoir computing system with swarms and studied the requirements for
improving the accuracy of time series analysis. In the study of modeling and analysis methods for
time series of different representations such as video images and audio, a deep learning approach
combined with statistical processing was implemented to determine synchronization.
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