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Abstract: 
This paper presents a novel methodology for solving fractional integro- differential equations (FIDEs) using 

fourth-degree hat functions (FDHFs). The fundamental properties of fractional calculus, including Riemann-

Liouville integrals and Caputo derivatives, are explored and employed to formulate accurate numerical 

solutions. The study incorporates mathematical assumptions to ensure the existence and uniqueness of 

solutions, and the Euler-Maruyama method is applied for numerical approximation. Illustrative examples using 

the double Laplace transform demonstrate the efficacy of the proposed approach, yielding precise solutions that 

align with theoretical results. The paper highlights the significance of fractional calculus in modeling systems 

with long- term memory and chaotic behavior, offering a robust tool for solving complex equations in fields 

such as engineering and physics. 
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 :المستخلص

 

 دوال باستخجام الكدخية التفاضمية-التكاممية السعادلات لحل ججيجة مشهجية تقجيؽ إلى الؽرقة هحه تهجف
 

 في بسا الكدؽر، لحداب الأساسية الخرائص استكذاف تؽ .(FDHFs) الخابعة الجرجة مؽ القبعة
 

-أويمخ طخيقة تطبيق تؽ كسا وتفخدها، الحمؽل وجؽد لزسان رياضية افتخاضات الجراسة تزسشت .دقيقة عجدية حمؽل لرياغة واستخجامها كابؽتؽ، ومذتقات ليؽفيمي-ريسان تكاملات ذلغ
 الطخيقة فعالية لإظهار السددوج لابلاس تحؽيل باستخجام تؽضيحية أمثمة تقجيؽ تؽ .العجدية الحمؽل لتقخيب ماروياما

 أهسية الؽرقة هحه تبخز .الشعخية الشتائج مع تتؽافق دقيقة حمؽل عمى الحرؽل تؽ حيث السقتخحة،
 .والفيدياء الهشجسة مثل مجالات في السعقجة السعادلات لحل قؽية أداة وتقجم الفؽضؽي، والدمؽك الطؽيمة الحاكخة ذات الأنعسة نسحجة في الكدؽر حداب

 

I. Introduction 
In fractional calculus, the notion of derivatives and integrals is generalized to any real and even 

complex order. The concept of fractional computation arose in 1695 when G.W Leibniz suggested that there 

was a possibility of fractional differentiation of the order. Many standard properties are broken by fractional 

differential and integral operators, including the standard product (Leibniz) rule, the standard chain rule, the 

semi-group property for orders of derivatives, and the semi-group property for dynamic maps. The violation of 

the Leibniz rule’s standard form is a characteristic property of non-integer order derivatives. On the other hand, 
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long-term memory and non-local dynamics are two of the most important applications of fractional derivatives 

and integrals of non-integer order. Fractional calculus has a long and illustrious history that goes back more 

than 300 years. Nevertheless, for a long time, it was regarded as a pure mathematical field that lacked real-

world applications. In the last few decades, the subject of fractional-order calculus has gotten a lot of attention 

because it allows you to represent a system more precisely without (or with minimal) approximation. 

Furthermore, this approach is a good tool for analyzing fractional dimension systems with long-term "memory" 

and chaotic behavior, and it is advantageous to model the behavior of a process in fractional-order because the 

response will include many values that would otherwise be ignored by integer-order due to approximations. As 

a result, fractional calculus has piqued the interest of scientists and engineers alike. For instance, fractional 

calculus models have been found to be a useful tool for describing the mechanics of viscoelastic materials and 

anomalous particle transport in groundwater. Signal processing, control of dynamic systems, wave propagation, 

medicine, economics, and finance are some of the other applications of fractional calculus models.[5] 
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The fourth order partial derivatives double Laplace transform formula is 
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3 Results and discussion 
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