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Memory Effect Comparison and Stabilization of the Fractional Difference Logistic Map and Delayed Logistic Map
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Abstract: This research investigates impulse stabilization in the fractional difference logistic map (FDLM) and compares its memory depth with that of the delayed logistic map (DLM). The classical logistic map, introduced by Robert May in 1976 is one of the first known simple systems that exhibits chaotic behavior and has a one-step memory depth [1]. In contrast, the FDLM employs Caputo fractional derivatives, giving it long-term memory that extends to the initial condition. As a result, naive stabilization methods are ineffective and require more precise control strategies [2]. Using H-rank complexity measures, finite-time stabilization of the unstable period-1 orbit can be achieved, provided the initial condition lies within a prescribed tolerance corridor; otherwise, erratic transient bursts may occur. Repeated application of the algorithm enables continuous stabilization of the period-1 orbit [3]. The DLM represents an intermediate case between the classical logistic map and the FDLM regarding memory depth. By introducing a delay parameter  into the logistic map, the system depends not only on the current iteration but also on the past states, the memory depth increasing as  grows. Although all three systems are discrete nonlinear chaotic maps, their dynamical properties and memory structures differ significantly. Understanding these differences broadens the applicability of discrete nonlinear chaotic systems.
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