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Abstract: In this study, we investigate a dynamic evolutionary game model with heterogeneous expectations
and nonlinear costs in a Stackelberg duopoly under sequential decision-making, where the leader and follower
adopt distinct output expectation strategies while accounting for the prevalent phenomenon of increasing marginal
costs in production. Through dynamical analysis, we obtain that there exist a boundary equilibrium and a unique

positive equilibrium in the system. Using the Jury criterion, we derive the local asymptotic stability condition
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of the positive equilibrium and the threshold for period-doubling bifurcation. While the period-doubling

bifurcation eventually leads to chaos, stability can be restored to the system by implementing boundary

conditions obtained through state control. Finally, numerical simulations on the leader's output adjustment speed

demonstrate that the system evolves from stability to chaos via period-doubling bifurcations as the parameter

increases, indicating that the leader’s overreaction is a key factor in disrupting inter-firm strategic coordination

and triggering market instability. The effectiveness of the control strategy in stabilizing the chaotic system is

validated, thereby revealing the evolutionary mechanisms governing firm competition under heterogeneous

expectations and nonlinear costs. This work provides a theoretical basis for analyzing and regulating stability

within sequential decision-making market structures.
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