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Abstract

Purpose: This study investigates convergence assessment of dynamical systems and queuing theory in controllable and uncontrollable
structures, focusing on noncooperative games.

Methodology: Uncertainty in systems that tend to converge defines a time-varying boundary to reduce the problem of increasing
excessive control in the system. Therefore, independent and mutual parameters (Dynamical structure and system preferences) can be
designed as system actors and performance indicators for each parameter as its cost function so that its optimal results can be relatively
examined in a fuzzy structure.

Findings: The overall result showed that considering the controllability structure makes it possible to avoid the increase in waiting costs
for convergence due to the multiplicity of convergence paths. The created cost function changes with the system's state, and the
controllability structure does not require multiple iterations to obtain the optimal solution. In contrast, the absence of controllability
structures in the system when examining the input and output paths leads to a multiplicity of equilibria for cooperation and non-
cooperation of setvers in creating convergence because, in this case, the servers selected for convergence only seek to increase their
income from the system and act in proportion to the system's performance. The convergence time of the system increases significantly.
Also, the examination of the income functions showed that during convergence (In controllable and uncontrollable structures), paying
attention to dynamic structutes is more important than consideting the system's preferences in selecting converging servers.

Originality/Value: The distinction of this research lies in the innovative combination of the two fields of dynamic systems and queuing
theory with the framework of noncooperative games and its examination of controllable and uncontrollable structures. While previous
studies have mainly analyzed these concepts separately, this research, by combining them and focusing on the convergence behavior under
strategic interactions, offers a new perspective on the dynamic analysis of complex systems. The adopted approach can be used to design
and optimize real systems with noncooperative characteristics in queuing and dynamic environments.
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Figure 1- Stochastic process in a Markov chain.
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Table 1- Parameters used in the controllable structures of the system.
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