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Abstract 
 

This paper addresses the need for rigorous stability criteria in fractional 

integro-differential systems by investigating generalized Ulam–Hyers stability 

for equations involving a fractional-order derivative. The research objective is 

to establish sufficient conditions that guarantee generalized Ulam–Hyers 

stability for Caputo fractional differential equations. Methodologically, the 

study employs concise mathematical arguments together with an application of 

the Gronwall inequality to derive the required conditions. The key findings 

demonstrate that these conditions ensure stability in the generalized Ulam–

Hyers sense for the considered class of equations. The paper concludes that 

the obtained results extend and improve upon existing findings in the 

literature. The contribution lies in refining the stability theory for fractional-

order models by providing tractable criteria grounded in Gronwall-type 

estimates and Caputo derivatives. 
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Introduction 

The matching the pennies game is standard example for teaching game theory in which two 

players throw a coin, separately. If the slides of the coins are matched, player 1 wins one dollar, 

otherwise his opponent player 2 wins one dollar. It is know that this game does not have a pure 

Nash equilibrium. However, mixed equilibrium and the rate of convergence of player's learning 

process such as gradient descent to these equilibriums in a repeated game has been well studied 

in the existing literature, see Singh et al. (2000) and references therein. The bi-matrix payoff of 
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