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Abstract 

Fixed point theory stands as a fundamental pillar in mathematics, offering powerful insights 

into the existence and properties of solutions across diverse mathematical spaces and 

equations. Originating from foundational work by Brouwer and Banach, fixed point theory 

has evolved into a versatile framework applicable in functional analysis, optimization theory, 

differential equations, and beyond. This review explores the breadth of applications of fixed 

point theory, emphasizing its role in proving the existence and uniqueness of solutions. Key 

concepts include the definition of fixed points in mappings f:X→X where X is a suitable 

space, and the conditions under which these fixed points exist. In functional analysis, fixed 

point theorems are pivotal in studying operators on Banach and Hilbert spaces, influencing 

the convergence of numerical methods and optimization algorithms. In differential equations, 

fixed point techniques provide crucial tools for establishing the stability and behavior of 

solutions over time. fixed point theory extends its impact beyond pure mathematics into fields 

such as economics, physics, and computer science, where problems often reduce to finding 

invariant solutions under specified transformations. By examining specific examples and 

methodologies, this review underscores the profound significance of fixed point theory in 

both theoretical advancements and practical applications across interdisciplinary domains. 
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Introduction 

Fixed point theory serves as a fundamental tool across various mathematical disciplines, 

offering powerful insights into the existence and uniqueness of solutions to equations and 

mappings. Originating from foundational work by Brouwer and Banach, fixed point theory 

has evolved into a versatile framework that finds application in diverse fields such as 

functional analysis, optimization theory, and differential equations. 

At its core, fixed point theory deals with the study of points that remain invariant under a 

given transformation or mapping. The concept is particularly valuable in proving the 

existence of solutions to equations that arise in both pure and applied mathematics. By 
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establishing conditions under which fixed points exist, mathematicians can explore the 

stability and behavior of dynamic systems and mappings. 

In functional analysis, fixed point theorems are pivotal in studying the properties of operators 

and functionals defined on various spaces, including Banach spaces and Hilbert spaces. These 

theorems provide essential tools for proving the convergence of iterative methods used in 

numerical analysis and optimization. 

In the realm of differential equations, fixed point theory plays a crucial role in demonstrating 

the existence and stability of solutions. By reformulating differential equations as fixed point 

problems, researchers can apply powerful analytical techniques to explore the behavior of 

solutions over time. 

Moreover, fixed point theory has practical implications beyond theoretical mathematics. It 

finds applications in economics, physics, computer science, and engineering, where problems 

often reduce to finding solutions that remain unchanged under certain transformations or 

operations. 

This paper explores the breadth of applications of fixed point theory across various 

mathematical spaces and equations. By delving into specific examples and methodologies, 

we aim to illustrate the profound impact of fixed point theory on both theoretical 

developments and practical applications in modern mathematics and beyond. 

 

Fixed point theory revolves around the concept of finding points xxx in a set XXX such that 

f(x)=xf(x) = xf(x)=x, where f:X→Xf: X \rightarrow Xf:X→X is a mapping. Mathematically, 

this can be expressed as: 

f(x)=xf(x) = xf(x)=x  

This equation signifies that xxx is unchanged by the mapping fff, making it a fixed point of 

fff. Fixed point theory explores conditions under which such fixed points exist, are unique, or 

can be found iteratively. It has broad applications across mathematics, including functional 

analysis, optimization, differential equations, and beyond, providing foundational tools for 

both theoretical developments and practical problem-solving in various disciplines. 

Need of the Study 

The study of fixed point theory is indispensable in modern mathematics and its applications 

across scientific and engineering disciplines. It serves as a cornerstone for validating the 

existence and stability of solutions to equations and mappings in diverse mathematical 

spaces. This theoretical framework not only ensures the reliability of computational methods 

but also underpins the foundation of optimization and control theory. In optimization, fixed 

point theorems play a pivotal role in proving convergence of iterative algorithms and 

identifying optimal solutions, while in control theory, they are essential for stability analysis 

and designing robust controllers. Moreover, fixed point concepts provide powerful tools for 
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mathematical modeling across physics, biology, economics, and social sciences, facilitating 

the analysis of dynamic systems and equilibrium states. 

The practical significance of fixed point theory is further emphasized by its role in enhancing 

computational efficiency. By leveraging fixed point theorems, researchers can develop more 

efficient algorithms, reducing computational complexity and improving solution accuracy. 

This efficiency is crucial in contemporary applications such as data-driven modeling and 

machine learning. fixed point theory finds interdisciplinary applications in fields like 

economics, engineering, and computer science. It informs the design of efficient networks, 

studies ecological dynamics, and contributes to the development of innovative algorithms in 

artificial intelligence. the study of fixed point theory addresses fundamental questions in 

mathematics while offering practical solutions to complex problems across various 

disciplines. This research contributes significantly to advancing theoretical knowledge and 

enhancing the effectiveness of computational methodologies in scientific and engineering 

endeavors. 

Literature Review 

Abdou, A. A. N. (2018). Fixed point theorems play a crucial role in the analysis of fractional 

differential equations, especially in the context of economic growth. These theorems, which 

ensure the existence and uniqueness of solutions to certain types of mathematical problems, 

provide a robust framework for addressing complex dynamic systems. In fractional 

differential equations, which generalize classical differential equations to non-integer orders, 

fixed point theorems help in establishing the stability and convergence of solutions. This is 

particularly significant in modeling economic growth, where the behavior of economic 

variables over time can be highly intricate and sensitive to initial conditions and external 

shocks. Incorporating fractional calculus into economic growth models allows for a more 

accurate representation of memory effects and hereditary properties of economic processes. 

For instance, in endogenous growth theory, fractional differential equations can capture the 

long-term impacts of investments in human capital, technology, and innovation more 

effectively than traditional models. Fixed point theorems ensure that the solutions to these 

fractional models are meaningful and reliable, providing policymakers and economists with 

robust tools to predict future economic trends and devise strategic plans. Thus, the 

application of fixed point theorems in fractional differential equations bridges the gap 

between abstract mathematical theory and practical economic forecasting, offering valuable 

insights into the mechanisms driving economic growth. 

Jain, R., Nashine, et al (2018). Fixed point results on relational quasi partial metric spaces 

have garnered significant attention due to their applicability in solving non-linear matrix 

equations. A quasi partial metric space extends the concept of a metric space by allowing the 

distance between a point and itself to be a non-zero value, which provides a more generalized 

framework for various mathematical and real-world problems. By incorporating relational 

structures into these spaces, researchers can handle a broader class of mappings and 

conditions, enhancing the flexibility and applicability of fixed point theorems. In the context 
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of non-linear matrix equations, these fixed point results offer powerful tools for proving the 

existence and uniqueness of solutions. Non-linear matrix equations are prevalent in various 

fields, including physics, engineering, and economics, where they model complex systems 

and processes. The relational quasi partial metric space framework allows for the analysis of 

these equations under less restrictive conditions than traditional methods, accommodating 

more intricate relationships and dependencies between variables. Specifically, fixed point 

theorems in these spaces can be used to establish convergence criteria for iterative methods 

used to solve non-linear matrix equations. This is particularly beneficial for large-scale 

systems where direct methods are computationally infeasible. By ensuring that iterative 

sequences converge to a unique fixed point, these theorems provide a solid theoretical 

foundation for the practical implementation of numerical algorithms. the study of fixed point 

results on relational quasi partial metric spaces and their application to non-linear matrix 

equations represents a significant advancement in both theoretical mathematics and its 

practical applications, enabling the resolution of complex problems across various scientific 

and engineering disciplines. 

RAOSAHEB, S. S. (2018). The study of complex valued topological spaces and soft 

topological spaces within the context of fixed point theory represents a fascinating 

intersection of advanced mathematical concepts with practical applications in various fields. 

Complex valued topological spaces extend traditional topological spaces by incorporating 

complex numbers into the topology, allowing for a richer and more nuanced understanding of 

continuity, convergence, and compactness. This extension provides a broader framework for 

analyzing fixed point theorems, which are fundamental in identifying points that remain 

invariant under specific mappings. In such spaces, fixed point theorems can be used to solve 

complex differential equations, optimize algorithms, and model dynamic systems in fields 

like quantum mechanics and electrical engineering. Soft topological spaces, introduced by 

Molodtsov, provide a flexible and powerful generalization of classical topological spaces by 

considering collections of sets (called soft sets) instead of single sets. This approach is 

particularly useful in dealing with uncertainties and imprecision inherent in real-world 

problems. Soft fixed point theory, which investigates fixed points within the framework of 

soft topological spaces, has significant implications for decision-making processes, 

optimization problems, and computational methods where data may be incomplete or 

imprecise. In both complex valued and soft topological spaces, fixed point theorems facilitate 

the analysis of stability and equilibrium in various systems. For instance, in economics, these 

theorems can help model market equilibrium under complex conditions. In computer science, 

they aid in the design of robust algorithms that maintain stability despite uncertainties. the 

exploration of fixed point theory in complex valued and soft topological spaces not only 

advances mathematical theory but also enhances the capability to address complex, real-

world problems across diverse scientific and engineering disciplines. This research area 

continues to evolve, offering new insights and applications in understanding and solving 

intricate systems. 
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Andres, J., & Górniewicz, L. (2013). The principles of topological fixed point theory are 

integral to solving boundary value problems, particularly in the context of differential 

equations. These principles provide powerful tools for proving the existence and uniqueness 

of solutions to boundary value problems, which are essential in many areas of science and 

engineering. Boundary value problems (BVPs) involve finding a solution to a differential 

equation that satisfies specific conditions at the boundaries of the domain. Traditional 

methods of solving BVPs often rely on analytical techniques, which can be challenging or 

impossible to apply to complex or non-linear problems. Topological fixed point theorems, 

such as the Banach fixed point theorem, Schauder fixed point theorem, and the Brouwer fixed 

point theorem, offer a more flexible and general approach. The Banach fixed point theorem, 

also known as the contraction mapping theorem, is particularly useful in proving the 

existence and uniqueness of solutions to BVPs in complete metric spaces. This theorem 

guarantees that a contraction mapping on a complete metric space has a unique fixed point, 

which corresponds to the solution of the BVP. The Schauder fixed point theorem extends 

these ideas to more general settings, particularly in Banach spaces. It states that any 

continuous, compact mapping of a convex subset of a Banach space into itself has at least one 

fixed point. This is especially useful for non-linear BVPs where the mappings involved are 

not necessarily contractions but are compact and continuous. The Brouwer fixed point 

theorem applies to finite-dimensional spaces and asserts that any continuous mapping of a 

closed, convex set into itself has a fixed point. This theorem is fundamental in various 

applications, including those in economics and game theory, where equilibrium states need to 

be identified. Volume 1 of "Topological Fixed Point Principles for Boundary Value 

Problems" delves into these theorems and their applications, providing a comprehensive 

introduction to the subject. It explores various techniques and methods to apply topological 

fixed point principles to linear and non-linear boundary value problems, offering detailed 

proofs, examples, and applications. The volume aims to equip researchers and practitioners 

with the theoretical foundations and practical tools needed to address complex BVPs using 

topological methods. In summary, topological fixed point principles serve as a cornerstone 

for addressing boundary value problems, offering robust theoretical frameworks and practical 

approaches for finding solutions in a wide array of scientific and engineering disciplines. 

Bradley, C., & Cracknell, A. (2009). The mathematical theory of symmetry in solids, often 

rooted in group theory, plays a pivotal role in understanding the structural properties and 

behavior of crystalline materials. Symmetry operations, such as rotations, translations, and 

reflections, define the repetitive patterns observed in solids and are essential for classifying 

and characterizing their symmetrical arrangements. Group theory provides a formal 

framework to analyze these symmetries, where a group represents a set of operations that 

preserve the structure of the solid. In solids, symmetry influences various physical properties, 

including optical, mechanical, and electronic behaviors. For instance, crystals exhibit unique 

optical properties due to their symmetry, influencing phenomena like birefringence and 

polarization. Mechanical properties, such as elasticity and hardness, can be correlated with 

crystal symmetry, affecting how materials deform under stress. Electronic band structures in 
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semiconductors and conductors are profoundly shaped by symmetry, governing the 

movement of charge carriers and influencing material conductivity. Understanding symmetry 

in solids also aids in materials design and engineering. By predicting how symmetrical 

arrangements affect properties, researchers can tailor materials for specific applications, such 

as creating more efficient semiconductors for electronics or stronger alloys for structural 

purposes. Moreover, symmetry considerations play a crucial role in crystallography and X-

ray diffraction analysis, where symmetry elements help determine the arrangement of atoms 

in a crystal lattice. In essence, the mathematical theory of symmetry in solids provides a 

powerful toolset for comprehending and manipulating material properties, bridging 

fundamental theoretical concepts with practical applications in materials science and 

engineering. 

Wong, K. S., et al (2018). The exploration of fixed points and common fixed points of 

contractive mappings in complex-valued intuitionistic fuzzy metric spaces constitutes a 

significant area of research in mathematical analysis and fuzzy set theory. In complex-valued 

intuitionistic fuzzy metric spaces, the concept of fixed points extends beyond traditional 

metric spaces to accommodate uncertainty and imprecision inherent in fuzzy sets. Here, 

mappings are contractive if they satisfy a generalized form of the Banach contraction 

principle, tailored to fuzzy metric spaces. This principle ensures that mappings bring points 

closer together, albeit in a fuzzy sense, thereby facilitating the existence and uniqueness of 

fixed points under appropriate conditions. The study typically involves establishing 

conditions under which contractive mappings have unique fixed points or common fixed 

points. This investigation is crucial for applications in various fields where uncertainty and 

fuzziness play a role, such as decision-making processes, pattern recognition, and artificial 

intelligence. Moreover, the analysis often employs advanced mathematical tools from fuzzy 

set theory, functional analysis, and fixed point theory to derive rigorous results and insights. 

Research in this area not only contributes to theoretical advancements but also provides 

practical frameworks for solving real-world problems that involve uncertainty and 

imprecision. By exploring fixed points and common fixed points in complex-valued 

intuitionistic fuzzy metric spaces, researchers aim to deepen the understanding of fuzzy 

dynamics and expand the applicability of fuzzy set theories in diverse domains. 

Alvarez, O., Ferreira, et al (2009). Integrable theories and loop spaces constitute a rich area 

of study in mathematical physics and theoretical mathematics, intertwining deep theoretical 

foundations with broad applications across various disciplines. Integrable theories focus on 

systems that possess an abundance of conserved quantities, often described through nonlinear 

differential equations solvable via specific techniques such as inverse scattering methods, 

Hirota's bilinear approach, or the Bethe ansatz. These theories offer insights into phenomena 

ranging from classical mechanics to quantum field theory, providing exact solutions that 

illuminate fundamental aspects of physical systems. Loop spaces, on the other hand, provide 

a geometric framework for studying paths and loops in mathematical spaces, often applied in 

gauge theory, string theory, and topological field theory. They are instrumental in 

understanding symmetries, topological invariants, and the structure of configuration spaces, 
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contributing to advancements in algebraic topology and mathematical physics. Recent 

developments in integrable theories and loop spaces have expanded their application scope. 

For instance, integrable models find relevance in condensed matter physics, where they 

describe emergent phenomena like solitons and quantum spin chains. In theoretical 

mathematics, loop spaces connect with homotopy theory and algebraic geometry, offering 

tools to study the moduli spaces of curves and higher-dimensional structures. the interplay 

between integrable theories and loop spaces continues to drive interdisciplinary research, 

fostering collaborations between physicists, mathematicians, and computational scientists. 

New developments in both fields promise deeper insights into complex systems and further 

applications in emerging areas such as quantum computing, non-equilibrium statistical 

mechanics, and geometric analysis. 

Zubair, S. T., Gopalan, K., et al (2020). Controlled bbb-Branciari metric type spaces and 

their related fixed point theorems represent a specialized area within the broader field of 

metric spaces and fixed point theory, focusing on conditions that extend the classical Banach 

fixed point theorem to more general settings. In these spaces, the metric structure is defined 

such that certain controlled properties, often involving contraction conditions, ensure the 

existence and uniqueness of fixed points for mappings. The concept of bbb-Branciari metric 

type spaces typically involves a modification or generalization of the classical metric space 

framework to accommodate specific contraction mappings. These spaces may involve 

generalized metrics or distance functions that satisfy conditions similar to those in Banach's 

fixed point theorem, but with controlled or relaxed contraction properties. Such extensions 

are essential for applications where exact contraction mappings are not strictly applicable but 

where controlled variations can still guarantee fixed point results. Applications of these fixed 

point theorems span various fields, including nonlinear analysis, functional analysis, 

optimization, and numerical methods. They provide foundational tools for proving the 

existence and uniqueness of solutions to equations arising in diverse mathematical models 

and applications. For instance, in dynamic systems and control theory, these theorems are 

crucial for establishing stability criteria and designing algorithms for iterative processes. 

Research in controlled bbb-Branciari metric type spaces continues to evolve, driven by 

applications in areas like economics, engineering, and computer science. The ongoing 

development of these theories aims to broaden their applicability, deepen theoretical insights, 

and provide robust frameworks for solving complex problems where traditional fixed point 

theorems may not directly apply. 

Research Problem 

The exploration of fixed point theory's applications across various mathematical spaces and 

equations presents a compelling research problem due to its broad implications and versatile 

utility. While fixed point theorems are well-established in mathematical theory, their specific 

applications in different contexts remain a rich area for investigation. One significant 

research problem is to systematically analyze how fixed point theory can be applied to solve 

equations and mappings in metric spaces, Banach spaces, and beyond. Understanding the 
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conditions under which fixed points exist and are unique in these spaces is crucial for 

validating mathematical models and computational methods across disciplines. Another 

pertinent research problem lies in exploring the role of fixed point theory in optimizing 

iterative algorithms and proving convergence in optimization problems. This involves 

studying how fixed point theorems can ensure the efficiency and reliability of numerical 

methods used in practical applications such as engineering design, economic modeling, and 

machine learning. 

Investigating the interdisciplinary applications of fixed point theory poses an intriguing 

research problem. how fixed point concepts can be adapted and applied in fields like physics, 

biology, economics, and social sciences opens avenues for advancing theoretical frameworks 

and solving complex real-world problems. the research problem includes identifying gaps in 

current applications of fixed point theory and proposing novel approaches or extensions to 

existing theorems. This involves exploring new mathematical spaces or refining existing 

methodologies to address emerging challenges in contemporary research and technology. 

Addressing these research problems not only enhances our theoretical understanding of fixed 

point theory but also contributes to practical advancements in computational mathematics and 

interdisciplinary sciences. This study aims to explore these dimensions comprehensively, 

shedding light on the profound impact of fixed point theory across diverse mathematical 

domains and applications. 

Conclusion 

The applications of fixed point theory span a wide array of mathematical disciplines, proving 

indispensable in establishing the existence and properties of solutions across diverse 

equations and mappings. From its foundational roots in topology and analysis to its modern 

applications in optimization, differential equations, and beyond, fixed point theory continues 

to shape both theoretical advancements and practical methodologies. Throughout this review, 

we have explored how fixed point theorems provide crucial insights into the behavior and 

stability of systems, offering rigorous mathematical tools for proving the existence of 

solutions. In functional analysis, these theorems underpin the study of operators and 

functionals on various spaces, guiding the development of numerical methods and 

optimization algorithms. Similarly, in differential equations, fixed point theory enables the 

rigorous analysis of dynamic systems, facilitating predictions about long-term behavior and 

stability. Beyond mathematics, fixed point theory finds applications in fields such as 

economics, physics, and computer science, where problems often translate into fixed point 

formulations. This versatility underscores the theory's relevance and impact in tackling real-

world challenges, from modeling economic equilibrium to designing efficient algorithms in 

computational sciences. As research continues to expand the boundaries of mathematical 

theory and its applications, fixed point theory stands as a cornerstone, offering a robust 

framework for exploring and understanding the fundamental structures of mathematical 

spaces and equations. Its ongoing development promises continued innovation and insight 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 

Research paper© 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 11, Iss 13, 2022 

 

1364 

 

across interdisciplinary domains, ensuring its enduring significance in contemporary 

mathematical discourse. 
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