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Proposal and application of a useful bifurcation point detection method for
various systems using evolutionary computation optimization methods
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We extended and improved the nested-layer bifurcation point search strategy
using swarm intelligence. First, the proposed method was extended to the detection of local
bifurcation points in continuous dynamical systems. Furthermore, we extended it to piecewise smooth
maps which are a mixture of continuous and discrete dynamical systems, and succeeded in detecting
characteristic bifurcation points of that systems. At the same time, we investigated the problems of

conventional methods and tried to improve the detection of bifurcation points that could not be
detected correctly. Since all the proposed methods are non-gradient methods, they can be used to
analyze systems that are difficult to apply with conventional gradient-based methods. Furthermore,
since they do not require complicated preprocessing, they can be used by non-experts in bifurcation
analysis and swarm intelligence. In other words, we have proposed an easy-to-use bifurcation point
detection method for a variety of systems.
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