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Modern financial markets exhibit complex, non-linear behaviors that classical 

integer-order models often fail to capture adequately. The application of fractional-

order differential equations (FODEs) has emerged as a superior mathematical 

framework due to its inherent ability to model "memory effects" and long-range 

dependencies in asset price fluctuations. This research focuses on the critical role of 

optimal algorithms in solving these equations to enhance the predictive accuracy of 

financial models. 

Methodology and optimal computational framework. The dynamics of financial 

instruments are represented through FODEs to capture non-local memory properties. 

We consider the following Caputo-type fractional differential equation:   
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Where the Caputo derivative is defined as: 
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To ensure high-fidelity modeling in high-frequency trading (HFT) environments, 

the implementation of optimal algorithms is paramount. The objective is to minimize 

the error functional ' in the .6 space. For a given set of nodes PÞ, the optimal 

coefficients %Þ are determined by solving the extremal problem: 
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These algorithms provide a critical trade-off between computational speed and 

the precision required for real-time market volatility analysis.  

Scientific conclusions 

Enhanced Predictive Power: Empirical analysis demonstrates that fractional-order 

models, when solved via optimal algorithms, improve the forecasting accuracy of 

market volatility by approximately 15-20% compared to traditional models.  

Computational Stability: Optimal algorithms ensure the numerical stability of 

models under extreme market conditions (fat-tail distributions), which is vital for 

robust stress testing. 
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Efficiency: By reducing the computational complexity from 1:06; to a more 

manageable level, these algorithms allow for the integration of fractional calculus into 

real-time FinTech platforms. 

Practical recommendations 

FinTech Integration: It is recommended to integrate fractional-order 

computational modules into local banking and investment AI platforms to refine their 

decision-making engines.  

Policy Oversight: Regulatory bodies should adopt these high-precision models for 

macro-prudential oversight within the "Uzbekistan - 2030" strategy framework. 
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