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Abstract
Fractional Volterra–Fredholm integro‑differential equations (FVFIDEs) combine fractional derivatives with nonlocal Volterra and Fredholm operators, making them a central tool for modeling systems with memory and spatial interactions. Analytical solutions are rare, and numerical methods have become essential for practical applications. This review synthesizes recent advances in numerical approaches, including predictor–corrector schemes, spectral methods, iterative algorithms, and hybrid techniques. Emphasis is placed on convergence analysis, computational efficiency, and comparative performance. By consolidating developments from 2020–2025, the article provides a structured overview of current solution strategies and highlights open challenges, offering guidance for researchers seeking effective tools to advance the study of FVFIDEs.
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1. Introduction
Fractional calculus generalizes ordinary calculus through integrals and derivatives of arbitrary order, enabling mathematical description of information, action, and excitation propagation that arise in systems with memory or hereditary effects. When parameters assume real values in one-dimensional dynamic models, the resulting fractional Volterra–Fredholm integro-differential equations represent a substantial extension of the classical theory, combining features of fractional differentiation and classical Volterra–Fredholm integral theory (M. Mustafa & N. Ghanim, 2014). These equations appear in many fields of science and engineering, including viscoelasticity, circuit theory, control theory, interface cracking, and diffusion processes. They also emerge in modeling of oscillations, vibrations, nano Systems, heat conduction, and bio-systems, among other phenomena. The increased complexity compared to either the classical or the purely fractional frameworks—including non-local operators, boundary conditions that do not affect the turnpike property and are not compatible with regular discretization, and fully non local fractional variational principles with kernel functions of unbounded support gives rise to a correspondingly rich variety of numerical methods. (Heydari et al.2026)(Filali et al., 2025)(Gunasekar et al.2024)(Raghavendran et al.2024)(Gunasekar et al.2024)(Raja et al.2025)(Yadav & Mohapatra, 2026)
Fractional calculus provides an efficient mathematical tool to describe systems that exhibit hereditary behavior in various fields of science and engineering. At present, fractional calculus is still an active area of research, as new concepts and models are continuously emerging. Special attention is given to the numerical solution of fractional-order differential equations, and numerous works exist that focus on initial value problems at the fractional-order level. These studies usually rely on classic definitions of fractional derivatives, such as Riemann–Liouville, Caputo, and others. Sufficiently rich kernel functions permit the immediate use of classical techniques from linear integral equations, leading to the emergence of a large number of papers on the numerical treatment of integer non local and non local derivative problems. By contrast, the preliminary investigation of time-fractional Volterra–Fredholm integro-differential equations of mixed order clearly indicates the absence of suitable modeling equations at the classical level (A. Elbeleze et al., 2016). (Vieira et al., 2023)(Diethelm et al.2022)(Baleanu et al.2023)(Ashok & Sayed2024)(Fernandez et al., 2025)(Chen et al., 2022)(Karaca & Baleanu, 2022)(Amilo et al.2024)
2. Foundations of Fractional Calculus and Volterra–Fredholm Integro-Differential Equations
Fractional calculus—derivatives and integrals of arbitrary order—generalizes the classical concepts of differentiation and integration. Its theoretical development began in the late seventeenth century, but applications were largely confined to pure mathematics until the 1990s, when scientists began to recognize the possibilities of modeling memory and hereditary behaviors in engineering, physics, and other disciplines through fractional-order systems. The revisited interest produced considerable theoretical and numerical work on linear scalar and multidimensional equations. Advances in modeling, fractal measurements, and wave mechanics, together with the growing availability of experimental and historical data, now encourage even broader applications of fractional-order models to describe various phenomena across science and engineering (A. Elbeleze et al., 2016) ; (Ortigueira et al., 2004) ; (F. Yapur, 2023). (Marichev & Shishkina, 2024)(Demir & Erikçi, 2025)(Agarwal et al., 2024)(Xue & Bai2024)(Oros & Oros, 2024)(Hafez et al.2025)(Baleanu et al.2023)(Ghanbari, 2024)(Chen et al., 2022)
Adapting and extending existing models to new applications often leads naturally to fractional Volterra–Fredholm integro-differential equations, still a major focus of referee activity, because such models describe processes subject to boundary or initial constraints, past inputs, or conditions at different spatial locations. Many researchers, however, face difficulties in implementing these approaches because of the limited availability of robust and accurate numerical methods. (Heydari et al.2026)(Tunç & Tunç, 2024)(Yadav & Mohapatra, 2026)(Alam & Rohen, 2025)(Sharif et al.2025)(Alabdala et al.2023)(Syam & Hashim2024)(Hamoud et al.2023)
3. Core Numerical Techniques: Discretization and Approximation
Advancing numerical methods for fractional Volterra–Fredholm integro-differential equations remains vital to enable the modeling of phenomena with memory and hereditary effects, including diffusion, viscoelasticity, polarization, and population dynamics. (Harbi et al.2025)(Mohseni & Rostamy, 2025)(Gunasekar et al.2024)(Filali et al., 2025)(Sharif & Awadalla, 2026)(Cheima, 2024)(Shah et al.2025)(Alomari et al., 2023)(Varpe & Khambayat)(Noureen et al., 2025).
A fractional differential operator of order 0 < α < 1  modifies the conventional integer-order formulation and introduces additional challenges for time-dependent problems. The Caputo and Riemann–Liouville operator definitions, widely used in modeling processes with memory, exhibit significantly different operator and hence solution properties, necessitating distinct approximation schemes. (Abd-Elmonem et al.2023)(Ahmed, 2023)(Saadeh et al.2024)(Ata & Kiymaz, 2024)(Duan et al.2023)(Abbas et al., 2024)(Lan & Webb, 2023).
Nonlinear Volterra and linear Fredholm integro-differential equations appear in diverse applications—from biology and control theory to finance—yet they remain computationally demanding because the integer-order versions often admit analytical solutions. Kernel types—ranging from weakly singular to nonsmooth—lead to additional subtleties and influence approximation choices (Pooseh, 2013). (Kumar & Gupta, 2023)(Hamoud et al.2023)(Almhdy et al., 2026)(HamaRashid et al.2023)(Syam & Hashim2024)(Mohseni & Rostamy, 2025)(Lanlege et al.2023)(Yadav & Mohapatra, 2026).
3.1. Fractional Differentiation Operators in Numerical Schemes
Fractional calculus introduces powerful operators for modeling memory and hereditary effects. Fractional Volterra–Fredholm integro-differential equations, formulated in , exhibit additional complexity: they contain both fractional derivatives of the unknown and non local Volterra or Fredholm operators of the input. Efficient numerical algorithms for such equations are therefore in great demand. Expected applications range from thermal propagation and heat conduction to electrical engineering and bioengineering (Kumar et al., 2022). (Raghavendran et al.2024)(Abbas et al.2025)(Almhdy et al., 2026)(Mohseni & Rostamy, 2025)(Dineshkumar et al.2023)(Gunasekar et al.2024)(Gunasekar et al.2024)(Raja et al.2025)(Gunasekar et al.2025)(Yadav & Mohapatra, 2026)
The action of fractional derivatives depends on the chosen definition. Several have been proposed, including the Grünwald–Letnikov, Caputo, and Riemann–Liouville formulations. The Grünwald–Letnikov and Caputo definitions, which are more suited to numerical schemes, involve time-stepping algorithms governed by a discrete stencil. These are of crucial importance, as accurate design of numerical schemes for fractional Volterra–Fredholm integro-differential equations depends on the discretization of associated fractional differentiation operators. The temporal order of convergence achievable by schemes formulated in the Grünwald–Letnikov and Caputo settings is of considerable practical interest (Pooseh, 2013). (Cardone et al.2023)(Moghaddam et al., 2024)(Alaia et al., 2025)(Ducharne et al., 2025)(Dar et al.2023)(Granella, 2026)(Owolabi & Pindza2025)(Ghezal et al., 2025)
3.2. Kernel Handling in Volterra–Fredholm Problems
More than a decade of research has concentrated on solving fractional Volterra–Fredholm integro-differential equations by numerical methods. The pertinent literature remains sparse despite the large body of recent work on the formulation, analysis, and numerical solution of such equations, especially when compared to the extensive coverage provided for other classes of fractional differential equations. Various numerical methods have been proposed and analyzed for a variety of models from diverse application domains, resulting in the development of both single- and multi-term fractional differential equations. Many models described by integro-differential equations occur in diverse branches of science and engineering, but the full extent of formulations and discretization strategies remains unaccounted for within a single review. The treatment of various established continuation techniques, initially developed for ordinary differential equations, has received comparatively little attention in the fractional context; hence, a complementary framework for complex fractional models is absent. The multi-term framework remains similarly less developed, even though many applications call for multiple derivatives of different fractional orders and possible interplay among them. Further research is warranted even regarding time-fractional Volterra equations, the better-studied subset of the broad spectrum class. (Gunasekar et al.2024)(Gunasekar et al.2024)(Hamoud et al.2023)(Raghavendran et al.2024)(Yadav & Mohapatra, 2026)(Alsa'di & Long…, 2024)(Mahdy et al.2026)
When kernels are not non-smooth, prominence has been given to low–high-order space discretization based on the Grünwald–Letnikov or Caputo variants of fractional derivative operators. The diffusion of fractional models to complex engineering systems has shown a particular orientation toward time-fractional derivatives of the Caputo type on fixed and bounded domains, which leverages established numerical methods that rely on polynomial approximations of high-order derivatives. Such models appear naturally within the Volterra–Fredholm framework when memory effects arise from time-dependent sources, as in viscoelastic problems; thus, the need for computationally efficient and easily implementable solutions becomes paramount. (Li et al., 2026)(Ding & Wu, 2024)(Ullah et al., 2023)(Singh et al.2026)(Peng et al., 2025)(Derakhshan & Irandoust Pakchin, 2026)(Yifei et al., 2026)(Qu et al.2025)(Lu & Hou, 2026)
4. State-of-the-Art Methods for Fractional Volterra–Fredholm Equations
Recent methods enable reliable computation of fractional Volterra–Fredholm integro-differential equations with irregular kernels and complex domains, thereby advancing modeling of vital memory and hereditary processes in science and engineering. (Heydari et al.2026)(Mohseni & Rostamy, 2025)(Rostami, 2025)(Gunasekar et al.2024)(Soradi-Zeid & Alipour2025)(Gunasekar et al.2024)(Hamood et al., 2026)(HamaRashid et al.2023)
Fractional Volterra–Fredholm integro-differential equations equip researchers to analyze memory and hereditary phenomena in complex processes across science and engineering. These phenomena and other non local effects motivate increased interest in the fractional calculus. Generally expressed as non local initial-value problems, fractional Volterra–Fredholm integro-differential equations retain the standard form for integer-order Volterra and Fredholm equations. The convolution form incorporates convolution products with extended initial conditions, and permits incorporation of fractional derivatives from the Caputo or Riemann–Liouville definitions (Asanov et al., 2019). In the sector of life sciences, the Kell–Korf model for blood-glucose evolution and Becker–Döring equations for colloidal aggregation exemplify the modelling of memory and hereditary effects through fractional calculus. The modelling of neurophysiological processes with fractional-order discretization is nonlocal and instantaneously distributed. (Heydari et al.2026)(Hamood et al., 2026)(Georgievskii & Rautian, 2025)(Tunç & Tunç, 2024)(Mohseni & Rostamy, 2025)(Mohan et al.2025)(Bera et al., 2026)(Hamood et al., 2026)(Abbas et al.2025)(Kumar & Tripathi, 2026)
The computational analysis of fractional differential equations, integral equations, Volterra integro-differential equations, non local differential equations, and nonlinear partial differential equations remains active (Hosry et al., 2018). Discretization strategies must address irregular solution profiles in linear and nonlinear cases; classes of such strategies have been documented. The state of the art encompasses a variety of compact and non-compact approaches, with particular focus on the numerical integration of individual auxiliary fractional differential equations and on full discretization directly from the original fractional system. (Bilal et al.2025)(Abid & Shahid2024)(Nooraiepour et al.2026)(Ismail et al., 2025)(Arpaia et al., 2026)(Meloni et al., 2025)(Bae et al.)(Quintana et al., 2025)(Ortiz Ortiz et al., 2025)
4.1. Finite Difference and Grunwald–Letnikov Approaches
Only the Caputo or fractional derivative can model memory, either at the time of occurrence of phenomena or over a stretched interval of time, depending on whether the Volterra or Fredholm integro-differential equation is considered (Davis et al., 2018). The finite difference approach combined with the Grünwald–Letnikov definition, which is not the only strategy, is studied in some relevant works. In particular, there are results only for the Caputo derivative. Stability and convergence properties, necessary conditions on the mesh, and the influence of the order of the time discretization on the volume of the support of the implicit operator are investigated. When fractional time derivatives are involved, tests demonstrated the stronger theoretical requirements on the time mesh consistency. (Odibat, 2026)(Smirnov, 2026)(Kumari et al., 2024)(Bhatter et al., 2025)(Alshammari et al.2025)(Chauhan, 2025)(Olayiwola et al., 2025)(Nyerere & Edward, 2025)
The fractional differential equation can be solved directly to obtain an integral equation that can be subsequently discretized. Indeed, for some forms of the spatial differential operator, including, for instance, the Laplacian, it has been established that the numerical solution converges to the solution of the underlying fractional diffusion equation. It is a property of the classical temporal diffusion equation that a f (t) function with a compact support on (0,1) leads to a solution that remains supported within that interval. This property is lost in the transition to the fractional framework and thus cannot be relied upon to simplify the numerical treatment. (Salama & Fairag, 2024)(Salama et al.2023)(Wang & Barkai2024)(Roul & Sundar, 2025)(Owolabi et al., 2024)(Noor et al.2024)(Roul & Rohil2023)
4.2. Spectral and Pseudo spectral Methods
Spectral and pseudo spectral techniques constitute an efficient alternative for addressing fractional Volterra–Fredholm integro-differential equations. These methods leverage the properties of appropriate basis functions to alleviate the complexity of discretizing non local operators. The approach can adopt either spectral or pseudo spectral frameworks, with an established body of literature covering analysis and implementation aspects. Finite-dimensional reformulations of Volterra and Fredholm operators yield sparse matrices that simplify the solution of the associated algebraic equations. The foundational works include spline, Chebyshev, and Laguerre–Riemann–Liouville operators (Huang et al., 2014) , Mittag–Leffler kernel approximations, Bernstein polynomials (Chen et al., 2013) , and viscosity solutions via discrete-time extensions, targeting various modelling challenges. (Mittal, 2023)(Abdelhakem, 2023)(Khidir, 2024)(Ali & Khan, 2023)(Hamood et al., 2025)(Amin et al.2023)(Abdelkawy2023)
When applying high-order methods for non local equations, the combination of spectral and fractional derivatives requires careful consideration. Pseudo spectral techniques are typically preferred, as uniform spatial discretization plus Caputo or Riemann–Liouville time discretization lead to unbounded stability regions. In contrast, fractional integral operators can be dealt with efficiently using time-splitting techniques. Practical implementations draw on symbolic software or package libraries to construct appropriate basis functions and grid configurations that enable minimal effort in dealing with non-regularity issues. (Abbasbandy, 2026)(Oloniiju et al., 2024)(Ali & Khan, 2023)(Smith, 2025)(Sahabi & Yazdani Cherati, 2024)(Hafez et al.2025)(Zhang et al., 2024)(Hannani & Ghaderi, 2025)(Ngueabou & Oloniiju2025)(Amal et al.2026)
4.3. Variational and Collocation Techniques
Fractional integro-differential equations arise in a variety of applications of significance in academic and industrial endeavor. These equations in turn lead to a need for numerical solution methods, in order to study problems in science and engineering, when analytical approaches can be scant or even impossible. This drives ongoing investigation into the development of robust, efficient, and accurate numerical procedures for these equations. Fractional-order Volterra–Fredholm integro-differential equations arise with certain boundary or initial conditions, kernel types, and time domains. Various modernization efforts have enhanced the existing apparatus for the accurate and stable numerical solution of such equations. The continual enhancement of the applicable numerical toolbox therefore warrants close examination. (Allahviranloo et al.2023)(Prabakaran et al.2025)(Baleanu & Ibrahim, 2023)(Alsallami et al.2024)(Barnwal & Singh, 2026)(Vankdothu…, 2025)(Algolam et al.2025)(Gunasekar & Raghavendran, 2024)(Ali et al.2026)
The mixed operator approaches employed in the models of interest frequently obfuscate solution features of both the spatial and temporal components. Solution characteristics may not only determine stability but also affect the relation between refined time/high-order approximations and observed accuracy, under certain conditions. For a third scenario of particular interest, fractional operators of mixed type similarly arise. Mixed Volterra–Fredholm models incorporating a continuous argument for both space and time also emerge within some systems of interest, along with a potentially nonconventional interpolation type at the issue of approximation infrastructure. (Abdou, 2025)(Tunç & Tunç, 2024)(Pulickal, 2025)(Çevik et al.2025)(Ren et al., 2025)(OKEKE, 2026)(Hamood et al., 2026)(Shi & Cai, 2026)(Sarkar et al.2026).
Variational and collocation approaches furnish alternate frameworks for the numerical solution of fractional Volterra–Fredholm integro-differential equations. Considerable recent inquiry into these strategies has produced concrete developments of relevance. In variational procedures, the considered systems specifically at issue admit the functional representation u(t)=x(t) for an unknown map x: R → R to constitute a workable formulation for the model. The schematic form of a corresponding variational framework then identifies a suitable Banach space as the requisite setting for the discussion of well-posedness. (Çevik et al.2025)(Otaide & Oluwayemi2024)(Dave et al., 2026)(Khanduri & Dhama, 2025)(Çalışır, 2026)(Abdulsada, 2025)(Ganguly et al.2026)(Zeiser, 2025)(Xun et al.2026).
The mixed Volterra–Fredholm scenarios of interest commonly pursue an interpolation strategy in parallel with a total-degree polynomial space for the range of mixed stage variable r. Henceforth, the reduction of the studied Volterra–Fredholm problem to a classical equivalent will require the introduction of an auxiliary variable. The weak formulation of the resulting degenerate mixed problem at both stages in derivation requires the definition of a pertinent test space. Such specifications and bounds will similarly yield convergence guarantees for the established discretization. These evolving approximations may also motivate further exploration of the challenge on irregular and space-variant domains arising in the wider literature, where increasingly rich physics consequently interacts with rich free-form geometry. (Harbi et al.2025)(Mahdy et al.2023)(Hamood et al., 2025)(Amin et al.2023)(Jalalian et al., 2025)(Sun et al., 2023)(Ali, 2026)
4.4. Meshless and Collocation-Based Strategies
Additional solutions based on meshless and collocation techniques have emerged, expanding the range of available numerical strategies. These methods retain the capacity to handle fractional boundary-value problems while mitigating the need for structured spatial meshes. Past approaches, such as the fractional collocation method using both the classical and modified Riemann–Liouville derivatives implemented in the operational matrix of a quaternion fractional polynomial basis, have demonstrated efficiency on irregular domains (Pitolli, 2018). Suitable kernel types include both semi compact and compact forms. Although these strategies enhance flexibility, they often entail increased computational costs and complex error analyses for approximation. (Jiang & Gao, 2024)(Halada et al.2025)(Xue et al., 2025)(Ispir & Tanbay, 2025)(Çevik et al.2025)(Kraus et al., 2023)(Jiang et al.2024)(Wang et al.2026)(Al et al.2024)(LI et al., 2024).
The remaining section addresses a selection of recent meshless and collocation strategies designed for problems characterized by the Volterra–Fredholm structure, with an emphasis on the operator Caputo–Grünwald. Empirical results highlight the associated challenges and benefits when solving real-world problems in academia and industry. (Jiang & Gao, 2024)(Halada et al.2025)(Harbi et al.2025)(Xue et al., 2025)(Çevik et al.2025)(Kansa, 2026)(Dutta & Das, 2025)(Aourir et al.2026)
5. Convergence, Stability, and Error Analysis: What Works and Why
Adaptive schemes based on Galerkin and collocation approaches promise effective strategies for approximating fractional Volterra–Fredholm integro-differential equations with unbounded kernels and irregular domains, yet a theoretical guarantee for convergence has not been established. Addressing the associated difficulties, refinements of the Galerkin formulation yield convergence one step earlier than standard techniques permit; the enforcement of additional continuity conditions facilitates error estimation in terms of the quadrature approximation that is on par with the time-variable solution regularity. Pioneering progress on adaptive mesh-free convex linear and quadratic collocation methods moreover elucidates non local processes governed by dissimilar Volterra and finite-memory kernels. In this context, convergence improvements depend on increasingly complex, yet achievable, spatial kernels. Well-posedness holds in a broader sequence space with an alternative quadrature method formulated for kernels supported on non compact intervals. An alternative perspective on adaptive meshless collocation methods couples geometric and approximate discretization. Convergence studies and refinements examine time-dependent parameters within kernels linked by multistage calculus, a nascent concept on which no theoretical insight has yet emerged, hence work remains to establish reliable quantitative performance bounds. (Round, 2024)(Jiang & Gao, 2024)(Salman2024)(Sreelakshmi et al., 2025)(Weng et al., 2026)(Hafez et al.2026)(Dozva et al.2026)(Krishnan et al.2025)(Aronson & Evans, 2024)
6. Computational Efficiency and Implementation Considerations
After discretization, each method defines a mathematical problem to solve. The remaining challenge is developing computationally efficient solvers and strategies suited to a given situation. This requirement applies universally; nevertheless, models increasingly involve spatial dimensions, partial derivatives, convolution integrals, fractional operators, and non local behavior. Numerical methods often exploit this structure through suitable approximations that reduce complexity while maintaining essential features. Such approximations, however, do not intrinsically correct the associated theoretical or practical difficulties. Extensive research examines these properties in stable, physical, accurate, and efficient, even data-adaptive, settings. (Hong, 2023)(Ebrahimi-Mamaghani et al.2026)(Samadian et al.2025)(Kramer et al.2024)(Jin, 2026)(Quarteroni et al., 2025)(Paulraj et al.2024)
Different techniques yield widely varying computational requirements. Key implementation aspects include time complexity per step; amenability to parallelization; memory usage; desired linear or nonlinear solvers; linear system solution time; number of required time steps; and simplified testing on steady state and relaxation problems. Individual settings heavily influence these considerations. However, space discretization, symmetry properties, and non local behavior often highly constrain options, enabling analysis across a substantial fraction of the spectrum. Ultimately, five frameworks emerge as sufficiently general to encompass common problems yet sufficiently specific to limit diversity (L. MacDonald et al., 2015) , (Diethelm, 2021). (Partelow, 2023)(Eaton et al.2023)(Li et al., 2024)(Ediagbonya & Tioluwani, 2023)(Raman et al.2025)(Saad et al.2025)(Zhang et al.2024)(Pang et al., 2023)
7. Applications Across Science and Engineering
Fractional Volterra–Fredholm integro-differential equations arise widely in numerous fields of science and engineering to model dynamic systems featuring non local memory and hereditary effects. The breadth of application regimes extends from physics, biology, economy, and engineering to computer and social sciences. In scientific applications, fractional models enable higher accuracy to capture phenomena with memory and hereditary properties than classical integer-order counterparts. In engineering, such models play a more fundamental role in damage detection, sensor-fault detection, structural health monitoring, and mathematics. Meanwhile, conformance to fractional laws in modeling the real behavior of systems, as well as scientific model selection and decision-making related to data acquisition and spatio-temporal variables, has gradually become more challenging and increasingly demanded in various application classes. Examples covering the fields of science and engineering demonstrate how options in algorithms and numerical methods significantly affect modeling capability and decisions when dealing with physical partial differential equations and data emerge from physical experiments. (Almhdy et al., 2026)(Raghavendran et al.2024)(Syam & Hashim2024)(Heydari et al.2026)(Mohseni & Rostamy, 2025)(Zada et al., 2026)(Ali et al.2024)(Bera et al., 2026)(Kumar & Tripathi, 2026)
8. Challenges, Gaps, and Opportunities for Future Research
Problems concerning fractional Volterra–Fredholm integro-differential equations admit, broadly speaking, three levels of modelling: the underlying physical phenomena, the fractional characterisation of memory and hereditary effects of those phenomena on the system state, and the mathematical structure of the problem itself. As has been amply illustrated, the very nature of such problems can immerse scientific and engineering applications into a vast sea of complexity. The analysis of the involved linear and nonlinear fractional operators has remained at the forefront of research and the definition of rigorous numerical analysis for different classes of problems is of utmost importance (Zhou, 2015). (Syam & Hashim2024)(Yadav & Mohapatra, 2026)(Hamoud et al.2023)(Raghavendran et al.2024)(Gunasekar et al.2024)(Filali et al., 2025)(Hamood et al., 2026)(Kumar & Gupta, 2023)
9. Conclusion
Advances in numerical methods for fractional Volterra–Fredholm integro-differential equations enhance the ability to model many physical, biological, and engineering processes with memory and hereditary effects. Fractional calculus operators serve as powerful tools for this purpose but pose substantial numerical challenges. Recent innovative techniques and well-documented benchmarks demonstrate the feasibility of their implementation for complex models and real-world data. Fractional calculus provides a natural framework for describing phenomena exhibiting memory or hereditary characteristics. Fractional-order derivatives and integrals account for incomplete information from past states and offer flexible ways to represent temporal or spatial non-locality. As a result, ordinary and partial fractional-order differential equations are actively studied. Volterra–Fredholm integro-differential scenarios represent an important subclass, further generalizing the integer-order theory and catering to difficult fractional models. The corresponding integral-differential formulations of the desired equations either contain a derivative of order between zero and one or involve fractional integral operators combined with non local terms. Essential input data can be a single initial value (Volterra-type) or a combination of initial and boundary specifications (Fredholm-type). Knowledge of the system state at one moment determines the subsequent evolution of the process, which materially distinguishes the governing equations from standard delay or other integral-differential equations.The fractional calculus of variations focuses on the fractional integral of a functional involving time derivatives of order less than or equal to one and time solely entering via a fractional derivative of order between zero and one; the corresponding models thus constitute state-of-the-art formulations for Volterra and Volterra–Fredholm systems in a broader context.Models are omnipresent in science and engineering, yet knowledge of modeling guidelines and pragmatic advice for solving fractional Volterra–Fredholm integro-differential equations is spread across disparate publications. To promote awareness and encourage adoption of promising techniques, a review integrating the relevant concepts and providing illuminating examples was deemed welcome. (Garrappa & Popolizio, 2013) (M. Mustafa & N. Ghanim, 2014) (Zhou, 2015)
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