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Abstract
The skills of representing, transforming, analysing and solving complex problems efficiently are very important for
modern computation and rely heavily on mathematical tools. Linear and nonlinear algebraic tools are of key
importance in computational science, engineering, artificial intelligence, data science, cryptography, computer
graphics, robotics and scientific modelling. Vectors, matrices, tensors, linear transformations, eigenvalues,
eigenvectors, matrix factorization and systems of linear equations are all addressed in the simple framework of
linear algebra. They are broadly utilized in machine learning, image or signal processing, optimization, numerical
simulation, and computer graphics. Nonlinear algebraic methods are also important in solving problems involving
relationships that aren't proportional or aren't well modeled by simple linear relationships. In robotics, computer
vision, cryptography, scientific computing, control systems and deep learning, we are seeing the use of nonlinear
equations, polynomial systems, tensor algebra, nonlinear optimization, numerical iterative methods and algebraic
geometry. This paper introduces the key ideas, techniques, algorithms and applications of linear algebra and
nonlinear algebra relevant to current computation. It also identifies significant computational issues including high
dimensionality, numerical instability, convergence problems, data uncertainty and computational complexity. The
study demonstrates that algebraic methodology not only consists of mathematical theories but also of computational
tools for modern technologies. The use of algebra as a solution to complex computational problems is likely to
continue to grow in the future with the help of new developments in the field of randomized algorithms, symbolic-
numeric computation, tensor methods, explainable artificial intelligence, high-performance computing and quantum-
assisted computation.
Keywords: Linear algebra; Nonlinear algebra; Modern computation; Matrix methods; Polynomial systems;
Numerical methods; Machine learning; Optimization; Cryptography

1. Introduction

The power of mathematical foundations is of great
importance to modern computation. In the broader
context of mathematics, algebra is used widely
because it offers a way of representing and solving
computational problems, both in itself and as a
language for doing so. Algebraic techniques are
utilized in programming, numerical analysis, data
processing, artificial intelligence, computer graphics,
cryptography, signal processing, scientific computing
and engineering design. Algebraic representation of
data and operations is used in almost all the modern
computational systems (Shashi Raj K, 2024). Linear
algebra is among the most popular mathematical
tools in computation. It covers vectors, matrices,
linear transformation, vector spaces, determinant,
eigenvalues, eigenvectors and systems of linear
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equations. These concepts are important since
computers are used to manipulate information in the
form of arrays, vectors, and matrices. For instance, an
image could be stored in the form of a matrix of pixel
values, a set of data as a data matrix, and a machine
learning model might employ weight matrices to
transform input data into output predictions. Hence,
linear algebra offers a direct link between
mathematical theory and the implementation in a
computer (Mhaske et al., 2024). Nonlinear algebraic
approaches are also crucial as many practical
problems are not linear. A nonlinear system is a
system of equations in which the relationship
between the variables is not proportional. They can
be polynomial equations, nonlinear constraints,
nonlinear optimization functions, tensor equations
and algebraic structures with complex interactions.
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Applications of nonlinear algebra in robotics,
computer  vision, cryptography, biochemical
networks, optimization, artificial intelligence and
scientific modelling. It enables researchers to gain
insight into problems that cannot be reliably solved
by simple linear models (Ishteva & Dreesen, 2022).
With the advent of modern computation, algebraic
methods have gained importance. Efficient algebraic
computation is needed for large-scale datasets, high-
dimensional models, deep learning systems,
computer simulations, secure communication
networks and automated decision-making systems.
The  matrix  multiplication,  decomposition,
factorization, calculation of eigenvalues and linear
equations and numerical solution of nonlinear
equations, and polynomial optimization are now
indispensable operations in many computational
platforms. Linear algebra is wused in artificial
intelligence and machine learning to represent the
input data, train models, optimize parameters, and
transform data. Neural networks operate with matrix
operations in the forward propagation and back
propagation (Rani, 2024). The concept of eigenvalues
and eigenvectors are essential to dimensionality
reduction techniques like principal component
analysis. Images and videos are dealt within matrix
operation, transformation and representation of the
images in terms of tensors in computer vision.
Algebraic structures are useful in cryptography for
encryption and decryption, coding theory, and secure
communications. With the complexity of today's
computational problems, the importance of nonlinear
algebraic methods is growing. Nonlinear equations
can be found in modelling of physical systems,
chemical reactions, biological processes, control
systems and optimization problems. In algebraic
geometry, in robotics, computer-aided design, and
kinematics, polynomial systems are used. In Data
analysis, signal processing and machine learning,
tensor decomposition is applied. Nonlinear
optimization is a crucial tool in the areas of machine
learning and engineering design (Nazar & Diny,
2025). This paper intends to address the use of linear
and nonlinear algebraic methods in contemporary
computation.  Important  algebraic  concepts,
computational methods, practical applications,
problems and problems on future directions are
explained.
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2. Linear Algebraic Techniques in Computation
The fundamental computational tools needed to
represent and manipulate data are given by linear
algebra. Scalars, vectors, matrices, and tensors are the
most common elements of linear algebra. A scalar is
a single number. A vector is a list of values, and a
matrix is a two dimensional array of values. These
ideas are extended to higher dimensions in a tensor.
These are commonly utilized in programming, data
science, image processing, and machine learning.
Solving linear equations are one of the most
important applications of linear algebra. There are
many scientific and engineering problems which can
be formulated as a system of equations. These
equations can be put in matrix form and solved by the
computational techniques of Gaussian elimination,
LU, QR, and iterative solvers. Examples of these
methods include circuit analysis, structural analysis,
fluid mechanics, optimization and simulation.
Another important operation used in modern
computation is matrix multiplication. It is applied to
data transformation, neural networks, computer
graphics, image processing and numerical simulation.
In machine learning, there are weight matrices that
multiply the input data to generate outputs
(Anilkumar, 2025). Matrices are used to rotate, scale,
translate and project objects in computer graphics. A
matrix is a discretised version of a differential
equation in scientific computing. Eigenvalues and
eigenvectors also play a crucial role in computing.
They assist in understanding linear
transformations/dynamic systems behaviors. In the
fields of stability analysis, vibration analysis,
principal component analysis, quantum mechanics,
network analysis etc., eigenvalue analysis is applied.
Principal component analysis is a technique that finds
the directions of highest importance in high-
dimensional data, and that reduces the dimensions
without losing important information, using
eigenvectors (Aggarwal, 2020).

Efficient computation is achieved by using matrix
factorization methods. Singular value decomposition
is a technique that is applied to data compression,
noise reduction, recommendation systems, and image
processing. QR decomposition can be used in solving
least-squares problems. LU Decomposition is used to
solve large numbers of linear equations. Cholesky
decomposition — symmetric positive definite
matrices. These factorization techniques are used to
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make the computation easier and to make the
computation more stable. Optimization is also very
important and relies heavily on linear algebra. The
gradients, Hessian matrices, constraints and linear
approximations are the basis of many optimization
problems (Thomas & Chandra, 2025). Linear
algebraic techniques are used in linear programming,
least-squares optimization and convex optimization.
Regressions are in data science, a model that uses
matrix equations to estimate unknown parameters.
Gradient optimization requires vector and matrix
operations in deep learning. Linear algebra operations
are very efficient in modern computing hardware.
GPU and Tensor Core GPUs are used to process
matrices and tensors efficiently. This has facilitated
the rapid and feasible implementation of large-scale
machine learning and scientific computation. Thus,
linear algebra is not only a purely theoretical field,
but also a building block for modern technology that
is used as a computational engine (Moyano-Arias et
al., 2024).
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Figure 1. Role of linear algebra in modern

computation
The role of linear algebra in modern computational
fields is summarized in Figure 1. Linear algebra is
emphasized because it is a fundamental mathematical
tool for most computations involving vectors,
matrices, transformations, and matrix operations.
Matrices and vectors are utilized in machine learning
and Al for data representation, model training,
optimization, and deep learning computations.
Dimensionality reduction, clustering, regression and
principal component analysis are examples of data
science algorithms that heavily rely on linear algebra,
and these algorithms are used to work with datasets
in the form of matrices. In computer graphics and
animation, matrix transformations are applied to
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rotation, scaling, translation, projection, rendering
and three dimensional modelling. Image Processing
is also represented by the matrix because digital
images are stored as matrices of pixels with digital
images being processed by filtering, compressing,
transforming and reconstructing. Matrices are used
for computing in scientific simulation and
engineering: systems of equations, -eigenvalue
problems, finite element methods, structural analysis,
and numerical simulations. Linear algebra is also
used in optimization, signal processing, control
systems and robotics. Hence, these highlights make
linear algebra a not only just a theoretical
mathematical topic but also a computational basis for
today's technologies.

3. Nonlinear  Algebraic  Techniques in
Computation

The nonlinear algebraic techniques are applied when
the variables are not related linearly. Numerous
problems arising from the real world involve
nonlinear  equations,  nonlinear  constraints,
polynomial  systems, nonlinear  optimization
functions, and complex relationships between
variables. Linear models can be easier to solve, but
are not always adequate to represent real-world
problems. Thus nonlinear algebra is a crucial part of
contemporary computation. An important application
of nonlinear algebra is the determination of the
solutions of nonlinear equations. There are
applications of nonlinear equations in engineering
design, physics, chemistry, economics, control
systems, and biological modelling. Most nonlinear
equations can't be solved directly so numerical
iterative techniques are used. The most common ones
are Newton-Raphson method, secant method, fixed-
point iteration, and gradient methods (Brahim &
Adoui, 2025). These techniques are an approximation
to the solution which is improved iteratively until it is
sufficiently accurate. The other important field of
nonlinear algebra is polynomial systems. Polynomial
system is a set of polynomial equations involving
several variables. These systems are found in
robotics, computer vision, algebraic geometry,
chemical reaction networks, coding theory and
optimization. Polynomial systems can be hard to
solve as they can have more than one solution,
possibly complex solutions, or no solution at all.
Solving these systems is done using computational
algebraic techniques like Grobner bases, resultants,
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homotopy continuation and numerical algebraic
geometry (Gallardo-Alvarado & Gallardo-Razo,
2022).

Nonlinear optimization is one of the key
computational applications of nonlinear algebra.
Many practical problems today are related to
optimization of a non-linear objective function with
constraints. These can include training a machine
learning model, optimizing engineering structures,
planning robot motion, fitting a nonlinear model, and
solving economic decision problems. Gradient
descent, Newton methods, quasi-Newton methods,
constrained  optimization, and  evolutionary
algorithms are all nonlinear optimization techniques.
Another recent field of nonlinear computation that is
gaining popularity is tensor algebra. Tensors are an
extension of vectors and matrices into multiple
dimensions. They serve as representations of high-
dimensional data like videos, multi-sensor signals,
medical images, and features of deep learning
(Breiding et al., 2023). Tensor decomposition
methods can be used to simplify the structure,
uncover intricate patterns, and compress large
volumes of data. Tensor-based techniques are used in
many areas, including machine learning, signal
processing, neuroscience, and recommendation
systems. Modern computation is also promoted by
algebraic geometry. It explores the solutions of
polynomial equations and offers methods for
comprehending structures in geometry that are
represented  algebraically. The application of
algebraic geometry in computer vision concerns
camera calibration, three-dimensional reconstruction,
object recognition and motion estimation. In the field
of robotics, it's used in kinematics and mechanism
design. Algebraic structures are used in cryptography
to enable secure communication and coding.
Although one can solve a nonlinear system
numerically, nonlinear algebraic methods are more
demanding as the system can have many solutions,
unstable behavior, high dimensionality and
sensitivity to initial values. Recent advances in
algorithms, methods, symbolic
computation, and high-performance computing,
however, have rendered nonlinear algebra more
useful for applications (Slavka & Tatyana, 2025).

numerical
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Figure 2. Classification of nonlinear algebraic
techniques in computation

The classification of the modern nonlinear algebraic
methods used in computation are shown in figure 2.
When relationships between variables is not
proportional or when simple linear relationships are
not appropriate, nonlinear algebraic techniques are
important. The classification of nonlinear algebraic
methods are grouped into six main categories of
nonlinear equations, polynomial systems, nonlinear
optimization, tensor algebra, algebraic geometry, and
numerical iterative methods. The common methods
of solving nonlinear equations are Newton—Raphson
method and fixed-point iteration. The most common
applications of polynomial systems include robotics,
algebraic geometry, coding theory and computer
vision, where several polynomial equations have to
be solved at the same time. The methodology used if
a nonlinear objective function has to be maximized or
minimized while subject to specific constraints is
referred to as nonlinear optimization. Tensor algebra
is fundamental for the representation and
manipulation of high dimensional data and is
extensively applied in machine learning, signal
processing and data analysis. Algebraic geometry is
the study of the solutions of polynomial equations,
and can be used in computer vision and
computational design. When exact solutions are hard
to find, numerical iterative methods are used to
approximate solutions. Overall, this shows that
nonlinear algebra provides essential tools for solving
complex computational problems that cannot be
handled effectively using only linear techniques.

4. Applications in Modern Computational Fields
Linear and nonlinear algebraic techniques are applied
in many areas of modern computation. One of the
most important areas is artificial intelligence and
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machine learning. Linear algebra is used to represent
data, parameters, weights, embeddings, and
transformations. Neural networks are based on matrix
multiplication and nonlinear activation functions.
Training a model involves optimizing parameters
using algebraic and numerical methods. Nonlinear
optimization is used to reduce loss functions and
improve prediction accuracy. Data science also
depends heavily on algebraic techniques. Datasets are
often represented as matrices, where rows represent
observations and columns represent features
(Indulkar, 2023). Linear algebra helps in data
cleaning, dimensionality reduction, clustering,
classification, regression, and pattern recognition.
Principal component analysis, singular value
decomposition, matrix factorization, and tensor
decomposition are widely used for extracting useful
information from large datasets. In computer graphics
and animation, algebraic techniques are used to
transform objects, render scenes, simulate motion,
and create visual effects. Matrix operations are used
for translation, rotation, scaling, projection, and
camera transformation. Nonlinear equations are used
in surface modelling, animation physics, collision
detection, and geometric design. Modern gaming,
virtual reality, and augmented reality systems rely on
these algebraic computations (Sadudeen, 2025).

In cryptography and secure communication, algebraic
structures are used for encryption, decryption, digital
signatures, error correction, and secure data
transmission. Finite fields, modular arithmetic,
polynomial algebra, elliptic curves, and linear codes
are important in cryptographic systems. Coding
theory uses algebraic techniques to detect and correct
errors in communication and storage systems. These
methods are essential for reliable digital
communication. Scientific computing is another
major field where algebraic techniques are used.
Problems in physics, chemistry, biology, climate
science, and engineering are often modelled using
equations that must be solved computationally.
Linear systems arise from discretized differential
equations, while nonlinear systems arise from
complex physical laws (Annu, 2024). Algebraic
solvers are used in finite element methods, finite
difference methods, computational fluid dynamics,
structural mechanics, and heat transfer analysis.
Robotics and control systems also use linear and
nonlinear algebra. Robot motion, kinematics,
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dynamics, localization, and path planning require
algebraic computation. Linear algebra is used for
coordinate transformations and state estimation.
Nonlinear algebra is used for inverse kinematics,
trajectory optimization, and nonlinear control.
Autonomous vehicles and drones also rely on
algebraic methods for perception, control, and
navigation. In image and signal processing, algebraic
techniques help filter noise, compress data, enhance
images, detect features, and reconstruct signals.
Fourier transforms, wavelet transforms, matrix
factorization, and optimization methods are widely
used. Medical imaging systems such as MRI, CT, and
ultrasound also depend on algebraic reconstruction
and numerical computation (Kathale & Mohanrao,
2024).

Table 1. Applications of linear and nonlinear
algebraic techniques in modern computation
Comp | Linear Nonlinear Refrence
utatio | algebraic | algebraic

nal technique | techniques
field s
Machi | Matrix Nonlinear (Plaut,
ne multiplicat | optimization, 2026)
learnin | ion, vector | activation
g spaces, functions, loss

eigenvalue | minimization

s, SVD
Data Data Clustering, (Li et al.,
scienc | matrices, nonlinear models, | 2019)
e PCA, kernel methods

regression,

matrix

factorizati

on
Comp | Transform | Surface (Hong &
uter ation modelling, Elber,
graphi | matrices, collision 2022)
cs projection, | detection,

rotation geometric

constraints

Crypto | Linear Polynomial (Petit et
graphy | codes, algebra, elliptic | al.,2016)

finite curves, algebraic

fields, cryptanalysis

matrix-

based

methods
Scienti | Linear Nonlinear Xu,

fic solvers, equations, PDE | 2023)
compu | eigenvalue | discretization,

ting problems, | iterative methods
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matrix
decomposi
tion
Roboti | Coordinate | Inverse (Tringali,
cs transforma | kinematics, 2020)
tions, trajectory
state-space | optimization,
models nonlinear control
Image | Pixel Nonlinear (Bhanu
proces | matrices, enhancement, Prakash
sing filtering, segmentation, &
compressi | feature extraction | Ramakris
on hnan,
2002)

Nonlinear (Bhattach
filtering, adaptive | arjee et

Signal | Vector
proces | spaces,

sing transforms | systems, tensor | al., 2022)
s linear | methods
filters

5. Computational Methods and Algorithms

Algebraic problems must be solved with efficient
algorithms in modern computation. Linear algebra
often involves direct methods and iterative methods.
Iterative methods are used to approximate solutions
over a series of steps, whereas direct methods yield
exact solutions within a certain numerical precision.
Direct methods like Gaussian elimination, LU
decomposition and QR decomposition are helpful for
small and medium sized systems. Iterative methods
like Jacobi method, Gauss—Seidel method, conjugate
gradient method, and Krylov subspace methods are
commonly used for large-scale systems, as they do
not demand as much memory. There are methods for
decomposing matrices that are important for
simplifying computation. Dimensionality reduction,
image compression and noise removal are included
among the applications of singular value
decomposition.  Stability analysis and feature
extraction are done by eigenvalue decomposition (M
Bastian et al., 2024). QR decomposition is used in
least-squares problems, while Cholesky
decomposition is used for positive definite systems.
The techniques have many applications in scientific
computing software and programming libraries. How
would you solve nonlinear algebraic equations? You
would need to use iterative algorithms since it is
usually difficult to find simple closed-form solutions
to nonlinear systems. Newton's method is one of the
most popular methods for solving nonlinear
equations. It employs local linear approximation to
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approach to a solution. But it does need a good initial
guess and can only succeed if the function is
reasonably well behaved. Quasi-Newton methods are
used to lower the cost of computation by
approximating derivative information. Gradient
descent and its variations are very popular
optimization methods in machine learning (Zhao,
2025).

Algebraic techniques involve symbolic computation
as well. Symbolic systems can handle equations
numberically and precisely. They can simplify
expressions, solve algebraic equations, compute
derivatives, factor polynomials and find symbolic
solutions. Algebraic computation is supported by
software like MATLAB, Mathematica, Maple,
SageMath, Python libraries and computational
algebra systems. Where symbolic solutions are not
available or are difficult to find, numerical methods
are preferred. These techniques are frequently used
together with symbolic computation in modern
computation. A symbolic approach might make the
structure of the equation simpler, and a numerical
approach might yield an approximation of the
solution. This combination can be wused in
engineering simulation, modelling with nonlinear
stages and scientific computing. The significance of
randomized algorithms in large-scale linear algebra
has grown. Computation can be costly when matrices
are very large. Randomized methods rely on
approximation and sampling to approximate low-rank
representations, matrix decompositions, and least-
squares solutions in an efficient manner (Ogethakpo
& Njoseh, 2025). These techniques are valuable for
machine learning, data analysis and scientific
computing. Algebraic computation still continues to
be enhanced by parallel and high performance
computing. The matrix and tensor operations can be
parallelized across multiple processors, GPUs or
cloud systems. This enables efficient training of
large-scale simulations and deep learning models.
Thus, algorithm design that is hardware-aware is
crucial for modern algebraic computation.
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Figure 3. General computational workflow using
algebraic techniques

In general, the computational process used when
applying algebraic technique to solve modern
computational problem is as in Figure 3. The first
step in the workflow is to formulate the
computational or mathematical problem, and make it
executable. Then the problem is translated into an
algebraic expression involving vectors, matrices,
equations, polynomial systems or the tensor form.
This representation enables mapping of a real world
problem into a mathematical structure that can be
computed. The next step is the selection of the
algorithm, which is done by using suitable linear,
nonlinear, symbolic, numerical methods depending
on the nature of the problem. Then, the selected
algorithm is employed for numerical or symbolic
computation. It could involve decomposition of the
matrix, solving an equation, iterative approximation,
optimization, or symbolic manipulation. Once
computed, the solution is checked for its correctness,
stability, accuracy and consistency. The result is not
satisfactory, optimization and refinement is
performed to make it more efficient, convergent and
accurate. Last but not least, the validated result is
used as an output of the application for prediction,
simulation, analysis, design or decision making. It
emphasizes that algebraic computation is a
systematic  procedure which brings together
mathematical ~ formulation and computational
outcomes.

6. Challenges and Future Perspectives

Linear and nonlinear algebraic methods are very
powerful, but there are still problems to be faced in
modern computation. Computational complexity is
one of the problems. Large matrices and high-
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dimensional tensors, nonlinear systems, and
polynomial equations can take a long time to process
and store. With the growth in data size, conventional
algorithms could become inefficient. So, scalable
algorithms are required. Another major issue to
tackle is numerical stability. In computing, there are
rounding errors in the process of computing, which
can be amplified during the process of calculation,
particularly for ill-conditioned matrices or for
nonlinear systems where the solutions are sensitive to
the initial values. Numerical methods should be
carefully designed so that they do not produce
incorrect or unstable numerical results. Error analysis
and conditioning are thus crucial components of
computational algebra. The other difficulty is to solve
nonlinear systems. Nonlinear algebraic problems can
have multiple solutions, local minima, singular points
and convergence problems. The iterative methods can
get stuck if a poor initial guess is used. When the
number of variables increases, a polynomial system
can get very complicated. Hence efficient algorithms
and good initialization strategies are needed. It is also
necessary to interpretability. Algebraic calculations
are frequently embedded in complicated models in
machine learning and artificial intelligence. To create
trustworthy systems, it is important to understand the
behavior of a model in the face of matrix operations,
optimizations, and nonlinear transformations.
Interpretability can be enhanced through the
mathematical structure of computational models,
which is possible by using algebra.

A problem of applied computation is data quality.
Algebraic techniques can give poor results when the
input data is noisy, missing, biased or contains
outliers. To enhance reliability, pre-processing,
normalisation, regularisation and robust algorithms
are required. Computational systems need to deal
with approximation errors and uncertainty as well.
Algebraic computation's future research areas include
more efficient algorithms, random algorithms,
Quantum computation, symbolic-numeric hybrid
algorithms, Tensor computation, Privacy-preserving
computation, and Algebraic computation with tools
for Al Linear algebra will remain an important tool
in supporting machine learning, data science and
scientific computing. Nonlinear algebra will play a
more prominent role in optimization, cryptography,
robotics, computer vision and modelling complex
systems. Explainable and reliable computational
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models are another future direction. Algebraic
structures can be used to make Al models more
transparent and mathematically sound. Algebra,
statistics, optimization, and machine learning are
going to be used in tandem more and more in hybrid
approaches. Algebraic techniques will therefore
continue to be vital to computation today and in the
years to come.

Table 2. Key challenges and future directions in
algebraic computation

Area Challenge Future
direction
Large-scale High memory | Randomized
computation and time | and parallel
requirements algorithms

Linear systems | Ill-conditioning | Stable solvers
and numerical | and

error preconditioning
Nonlinear Multiple Robust iterative
systems solutions and | and homotopy
convergence methods
failure
Machine Complex black- | Algebraic
learning box models interpretability
and explainable
Al
Data science Noisy and high- | Regularization
dimensional and tensor-
data based methods
Cryptography Security threats | Stronger
and algebraic
computational cryptographic
attacks structures
Scientific Complex Reduced-order
computing simulations and hybrid
symbolic-
numeric models
Hardware High GPU, TPU, and
implementation | computational quantum-
demand assisted
computation

7. Conclusion

Algebraic methods are essential for modern ways of
computing and form a key mathematical foundation
for linear and nonlinear algebraic methods. The
algebra presented in this paper is intricately tied to
nearly all other significant areas of computation such
as Artificial Intelligence, Machine Learning, Data
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Science, Computer  Graphics, Cryptography,
Robotics, Control Systems, Image Processing, Signal
Processing, Scientific Computing, etc. Linear algebra
allows to represent the data and to work with it by
means of vectors, matrices, tensors, linear
transformations, eigenvalue analysis and matrix
decomposition; it is efficient. These techniques can
be used to solve systems of equations, lower
dimensions of data, optimise models, compress data,
analyse for stability and carry out large-scale
numerical simulations. Thus linear algebra can be
regarded as a computational tool in many modern
software systems, algorithms and applications that
are implemented at hardware level. Nonlinear
algebraic methods further enhance this ability and
solve problems which are not described by a linear
function. In the real world, systems tend to have
multiple variables, complex constraints, multiple
interactions, and nonlinear behaviour. Hence
nonlinear equations, polynomial systems, nonlinear
optimization, tensor algebra, numerical iterative
methods and algebraic geometry play a significant
role in the solution of computational problems of the
higher level. The techniques are broadly used in
inverse  kinematics, computer vision, secure
communication, nonlinear control, deep learning,
engineering design and scientific modelling, among
others. In nonlinear algebra, computational systems
can process high dimensional data and uncertain
relationships and complex structures in a more
efficient manner. The paper also outlines a number of
problems that occur in algebraic computations. Large
scale matrices and tensors consume a lot of memory
and computational resources. The numerical errors
from ill-conditioned systems and convergence
failure, multiple solutions and sensitivity to initial
conditions from nonlinear systems may occur. The
noisy data, high-dimensional inputs, and black-box
machine learning models also pose additional
challenges in getting accurate and interpretable
results. The difficulties point to the need for more
stable, scalable and reliable computational
techniques. The future of the field of algebraic
computation would see the development of
randomized algorithms, parallel computing, tensor-
based methods, symbolic-numeric hybrid methods,
explainable artificial intelligence, privacy-preserving
computation, and quantum-assisted algorithms.
Algebraic operations will also be accelerated and
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optimized with the use of GPUs, TPUs, and high-
performance computing hardware. Linear and
nonlinear algebra will remain an important
component in the evolution of intelligent, secure,
efficient, and scientifically sound computational
systems overall. Algebra will remain a central
component of the ongoing fusion of machine
learning, optimization, statistics and computational
modelling to give more potent answers to future
technological and scientific problems.
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