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Abstract

Quantum Machine Learning is a subfield of quantum computing that focuses on applying machine learning techniques to quantum algorithms
and quantum systems. Quantum machine learning is an active area of research, with many scientists and engineers exploring its potential for
solving complex problems. The goal of quantum machine learning is to explore the unique features of quantum systems that can be used to
solve problems that are intractable for classical machine learning algorithms. Quantum algorithms can offer significant speedups over
classical algorithms in certain cases, and this property can be leveraged in machine learning algorithms to achieve faster training and
improved accuracy. In this research paper, a brief review of the recent techniques and algorithms of quantum machine learning and its scope
in solving real world problem are analysed.
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Introduction

Nowadays quantum computing is the intersection of physics and engineering. Until recently, this form of computing was basically
a hypothetical concept that was developed within the physics community. Nonetheless, several popular methods such as the Search of Grover,
Factoring of Shor, and Linear Systems Algorithms were invented with hopes of being able to change the paradigm. The fact that the existing
generation quantum computers are both robust and tiny is not stopping advancement, which is accelerating at an incredible pace, in part, due
to the assistance given by the general population and the business world. The National Quantum Initiative Act has just been passed. This step
provided up to 1.2 billion dollars research grants to accelerate the creation of the quantum field. There has been an increase in the level of
funds spent by the private sector on funding different forms of research and as start up capital. Quantum machine learning is a new sub-
discipline that brings ideas and methods of quantum computing and machine learning together. It seeks to make use of the quantum
characteristics of quantum systems to address problems whose solutions cannot be obtained using classical machine learning algorithms.
Quantum computing is a sub-field of computer science that addresses quantum-mechanical systems, including superposition and entanglement, to
compute tasks. Quantum algorithms have the potential to provide exponential improvements over classical algorithms on particular problems, and thus are
well-adapted to particular machine learning tasks.Machine learning on the other hand is part of artificial intelligence that concerns itself with development of
algorithms capable of learning by data and then making predictions. There are various applications of machine learning such as computer
vision, natural language processing and random access. Quantum machine learning seeks to unite the capabilities of quantum computing and
machine learning to solve problems beyond the capability of either. The area is still under development, but already demonstrates good results
in quantum principal component analysis, quantum support vector machines and quantum neural networks.
Related Work

Theoretical fundamentals of quantum computing were formulated by Richard Feynman in his article [1] during which he described
a computer that could be able to simulate quantum physics after which how a quantum computer could be realized was explained by Ignacio
Cirac and Peter Zoller in their article [2] where they proposed the idea that a quantum computer could be implemented by trapping cold ions
and interacting them with laser beams. Since then, much of the hardware and advancements have been achieved in quantum hardware and
in the future years a quantum computer of approximately 1000 qubits is projected. Parallel to the development of quantum hardware, quantum
algorithms have been developed at a very rapid pace. The power of quantum algorithm has already been demonstrated by Shor algorithm by Algorhty
[3] and Grover algorithm by search in the unstructured databases, respectively. During the early years, fewer quantum algorithms to search and factorization
were written although nowadays, different classes of quantum algorithms include algebraic, optimization, approximation, search and machine learning that
are rapidly being written. Quantum algorithms that facilitate machine learning have contributed to the development of the new field known as the Quantum
Machine Learning (QML).
The first reference to the quantum inspired computing paradigm was [5] by Moore and Narayan in 1995 in which they talked about quantum inspired versions
of selection sort and 15 puzzle problem. Ever since, numerous optimization algorithms (quantum particle swarm optimization, quantum ant colony
optimization, quantum fish swarm optimization etc.) based on quantum computing have been invented and applied to different areas [6], [7], [8]. In particular,
quantum genetic algorithms, as well as quantum evolutionary algorithms have been more efficiently applied using quantum advantage in [9], [10], [11], [12].
The [13] proposed Quantum inspired Neural Networks (NNs) in terms of Quantum computing and multi-agent system and offered shorter training time as a
result of the capability of powerful parallel processing. The recent contributions to quantum inspired NNs involve the application of quantum inspired
differential algorithm to deep belief networks that enhance global search capability and overcome the premature convergence [ 14], the design of a quantum
inspired complex valued neural network of multimodal sentiment analysis that utilizes superposition and entanglement to interact modalities
and produce similar results as those of current classical sentimental analysis methods [15]. Despite these numerous advantages of this
quantum inspired method of machine learning, inconsistency of measurement is a problem at times. This challenge might be managed
effectively in future and more quantum inspired versions of algorithms might arise exploiting the parallel processing power of quantum
algorithms.
Universal Quantum Computing
Universal quantum computing The concept of universal quantum computing is that any quantum computation that can be mathematically
modeled can be executed on a quantum computer despite the particular quantum system it uses as a Universal quantum calculator. This
enables quantum computers to solve some kind of problems in a much faster manner than the classical computers.Nevertheless, universal
quantum computing remains in its early stages and is regarded as a highly difficult field of research as qubits are delicate and finicky and
their states are hard to measure and control. Nonetheless, numerous businesses and research centers are currently working on the development
of practicable universal quantum computers and how they are applicable regardless of these difficulties.

0)
. 0 AN

-=tFec =<

=5\ ) + 1)
—tFF-- V2

U

- i 1)
Figure 1 : Qubit

https://mswmanagementj.com/ 2219



MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal
ISSN: 1053-7899
Vol. 36 Issue 1, 2026, Pages: 2219-2223

Superposition and entanglement

The principles of quantum mechanics, quantum computing base on quantum superposition and entanglement. According to superposition,
similarly to waves in classical physics, any two (or more) quantum states can be superposed or added together, and the result will be a valid
quantum state. Consequently, any quantum state may be defined as a superposition of two or more other quantum states. The solutions to
Schrodinger equation have a property called superposition. Also, because the Schrodinger equation is a linear equation, any linear
combination of solutions will be a solution.

The qubit state in quantum computing is a quantum superposition of |0>1 and |1>0. This implies that the likelihood of measuring a qubit as
0 or 1 is not 0.0 or 1.0 and consecutive measurements of qubits in the same states will not produce consistent measurements.

The other element in quantum computing is quantum entanglement. The measurement or measurement of the state of qubits is problematic.
Quantifying a qubit in superposition to ascertain its value will make it acquire a value of either 1 or 0, but not a resultant mixture of the two.
That effectively nullifies the working of the quantum computer. It requires the use of indirect measurements to preserve the integrity of a
quantum computer. An answer is given through entanglement.

classical and quantum computing

The integration of classical and quantum computing is a process that entails the use of the respective computing strengths to address problems.
Processing, management and storage of data, as well as working with volumes of classical data, are all tasks that classical computing is best
suited to undertake. Alternatively speaking, quantum computing is most effectively used in solving some kinds of problems which are hard
or impossible to solve with classical computing, like the simulation of quantum systems, optimization problems, and breaking some
encryption algorithms.

With the integration of the two kinds of computing, one can be able to capitalize on the advantages of the two to tackle intricate issues. As
an example, one can take large volumes of classical data and pre-process it using a classical computer and then send it to a quantum computer
to do the more complicated computations. The quantum computations can then be handled and analyzed by the classical computer. Another
category of algorithm is the hybrid algorithm which uses both the classical and quantum computing to solve problems which can be reduced
into smaller problems where some of them can be solved by using classical computing and some cannot be solved without quantum
computing.

The science of integrating classical and quantum computing is still young, and there are numerous tasks to be met such as the creation of
efficient algorithms, the connection of the classical and quantum hardware, and the scaling of quantum computers to larger scales.
Nonetheless, this combination has the potential to bring significant benefits and, therefore, it is a promising research and development field.
Quantum Machine Learning Applications

Quantum machine learning is another branch of machine learning that leverages the power of quantum computer and machine learning
algorithms to tackle difficult problems. Quantum machine learning has a number of possible applications, which include:

Image and video analysis: Image and video analysis can be applied to quantum machine learning through quantum machine learning
algorithms to analyze objects and track objects, which are better than classical algorithms.

Natural language processing Natural language processing (NLP) tasks like sentiment analysis and language translation can be enhanced with
quantum machine learning algorithms to take advantage of quantum system parallelism and representational ability.

Recommender systems: Quantum machine learning algorithms can be applied to making recommender systems, including systems used to
make personalized shopping recommendations, to consider more variables and more complex relationships among them.

Anomaly detection: The quantum machine learning algorithms may be applied to carry out anomaly detection in large datasets, including
fraud in financial transactions, or faulty manufacturing processes.

Optimization problems: Applications of quantum machine learning include optimization problems, i.e. minimizing the value of a complex
function, by taking advantage of the capability of quantum systems to explore broad solution space simultaneously.

The above are only some of the possible applications of quantum machine learning. Although the field is still in its infancy, it promises a lot
to enhance the validity and efficiency of machine learning algorithms and resolving complex problems in most areas.

Quantum subroutines

Quantum subroutines are small quantum algorithms that can be combined and used as building blocks to solve larger problems.
They are similar in concept to subroutines in classical computing, where complex algorithms are broken down into smaller, reusable units
that can be combined to solve larger problems.

Quantum Fourier Transform

The Quantum Fourier Transform (QFT) is a quantum algorithm that is used to perform a type of transformation called the Fourier
transform. The Fourier transform is a mathematical operation that transforms a signal from the time domain to the frequency domain, which
can be used to extract information about the frequencies present in the signal.

The QFT is a quantum version of the classical Fourier transform, and it has the advantage of being able to perform the
transformation much faster than classical algorithms, especially for large data sets. This makes the QFT a key component in many quantum
algorithms, including those used for quantum cryptography, quantum simulation, and quantum optimization.

The Quantum Fourier Transform (QFT) is defined mathematically as follows:

Given an n-qubit state vector [x), the QFT transforms it into a state vector |y), where:

ly) = 1N2%n * ¥_j=072"n-1) e*(2mij/2"n) |j)

where |j) is the computational basis state and e is the mathematical constant approximately equal to 2.71828.

In other words, the QFT is a linear transformation that maps the computational basis states |j) to the frequency states |y). The
coefficients in the transformation are given by the exponential terms, which encode the relative phase of each frequency component.

The QFT can be implemented using quantum gates and circuits, such as the Hadamard gate, the phase shift gate, and the controlled
rotation gate. The specific implementation of the QFT depends on the number of qubits and the desired accuracy, and there are several
different algorithms for performing the QFT that have been developed over the years.

Quantum Phase Estimation Algorithm

The Quantum Phase Estimation Algorithm (QPE) is a quantum algorithm used to estimate the eigenvalues of a unitary matrix. The
algorithm is defined mathematically as follows:

Given a unitary matrix U and its eigenvector |y) with eigenvalue e*(2ni0), where 0 is the unknown eigenphase, the QPE algorithm estimates
6 using the following steps:

Initialize a quantum state |0) and apply the controlled-U operation, where |0) is used as the control qubit and U is the target unitary matrix:
ly) = (10) ® [0})) -> CU |y) = (|0) ® U"0 |0))

Apply the inverse quantum Fourier transform (IQFT) to the second register:
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ly) = (10) ® 1/\2%n * ¥ _j=0~(2"n-1) e"(2ij/2"n) U%j |0))
Measure the second register to obtain an estimate of 6. The result of the measurement will be a binary number m, which can be used to
estimate 0 as follows:
0_estimate = m/2"n

The QPE algorithm can be repeated multiple times to obtain a more accurate estimate of 0, and the accuracy of the algorithm can
be improved by increasing the number of qubits in the second register. Overall, the QPE algorithm is a useful tool for estimating the
eigenvalues of a unitary matrix, and it has many potential applications in fields such as quantum simulation, quantum optimization, and
quantum cryptography.
Quantum Annealing
Quantum annealing is a constrained form of computation mechanism, although it has been advancing, in the type of Moore law progress, in
the last two years. This kind of system has at least some form of use. The concept is to project issues into this functionality and then apply
the quantum processor in order to address the relevant issue. The system can be imagined as a hills and valleys landscape to see this. The
minimum point is linked with the solution. The same way that water will be found in the lowest valleys, the solution will also be annotated
by the annealer. The D Wave 2x system has also been demonstrated to be able to solve optimization problems that are up to 108 times faster
than simulated annealing as well as quantum monte carlo. The usefulness of the system is now demonstrated by more recent works.

Quantum Machine Learning(QML)
When the general hardware is introduced, it is valuable to step out and have a look at how these systems can be utilized in the machine
learning sense. Since quantum computing is fundamentally not the same as classic type of computing, so can quantum machine learning be
applied in radically different ways. As an illustration, since quantum annealers are naturally the minimizers of the energy states, optimization
problems can be represented in such systems. The quantum HHL algorithm - a quantum system solving equation technique that takes
advantage of the fundamental quantum effect can be used in numerous machine learning applications. The search algorithm of Grover exploits
the quantum effect of amplitude amplification in marking solutions of an unsorted database. This can have one implication that is, clustering
potentially can occur in a much faster way. In summary, quantum computing offers developers of machine learning methods with tools that
were not available before. This enables the possible quicker processing of the information and the creation of new types of algorithms. In
this regard, it is worth noting that one should not only know the existing systems available but also recent developments.
QML Algorithms
Here is a list of some of the most commonly used quantum machine learning (QML) algorithms:

e Quantum Principal Component Analysis (PCA)

e Quantum Support Vector Machines (SVM)
Quantum K-Means Clustering
Quantum Linear Regression
Quantum Neural Networks
Quantum Decision Trees
Quantum Random Forest

e Quantum Naive Bayes Classifier

e Quantum Convolutional Neural Networks

e Quantum Autoencoders

These algorithms are based on classical machine learning algorithms and they use quantum circuits and quantum gates to process and
analyze data in a quantum computing environment. They offer potential advantages over classical machine learning algorithms, such as
exponential speedup for certain types of problems, better handling of high-dimensional data, and improved robustness against adversarial
attacks.
Quantum Support Vector Machines (QSVM)

QSVM is a quantum machine learning (QML) algorithm that performs binary classification on data, similar to classical Support
Vector Machines (SVM). It is a type of supervised learning algorithm that is used to classify data into two categories based on their features.

Quantum Support Vector Machines (SVM) is a quantum machine learning (QML) algorithm that performs binary classification on
data, similar to classical Support Vector Machines (SVM). It is a type of supervised learning algorithm that is used to classify data into two
categories baln a classical SVM, the optimization problem that finds the hyperplane is solved using numerical methods. In a quantum SVM,
the optimization problem is solved using quantum algorithms, such as Grover's search algorithm or amplitude amplification. The goal is to
speed up the optimization process and find the solution faster than classical SVM algorithms.

Quantum SVM algorithms have shown promise in simulation, but there is still much work to be done before they can be applied
to real-world problems. The field of quantum machine learning is still in its early stages, and there are many challenges to be addressed, such
as the development of quantum algorithms that can handle large datasets, quantum error correction, and the development of quantum
hardware that can run these algorithms in a scalable manner.

Table 1. Comparison among the QSVM algorithms

Algorithm Approach State Kernel Speed-up Complexity Performance
Preparation function
scheme
Improved simulation and QRAM Nonlinear Exponential Poly-logarithmic Accuracy
QSVM matrix-inversion 0.9514
based
QSVM HHL algorithm Linear Linear Exponential - Accuracy
based mapping 99:5% (OCR)
98% (Iris)
HVQ-SVM Hybrid variables QPCA and Nonlinear Exponential Poly- logarithmic N.1.
based QSVT
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Quantum K-Means Clustering

In quantum K-Means, quantum algorithms are used to perform the optimization, allowing for potentially faster convergence and
improved accuracy. The use of quantum computers also opens up the possibility of using quantum-inspired techniques, such as quantum
annealing, to solve the K-Means optimization problem.While quantum K-Means is still an area of active research, there have been some
promising results, with quantum algorithms showing the potential to outperform classical algorithms in terms of speed and accuracy.
However, it's important to note that quantum computing is still in its early stages and more research is needed to fully realize the potential of
quantum K-Means and other quantum machine learning algorithms.
Quantum Neural Networks

Quantum Neural Networks (QNNs) are a type of neural network that uses quantum mechanics to perform computations. They are
based on the same principles as classical neural networks, but use quantum bits (qubits) instead of classical bits to store and process
information.
QNNs have several advantages over classical neural networks:
Parallelism: In a quantum computer, many computations can be performed simultaneously, which allows for much faster processing of
information.
Expressiveness: QNNs have the ability to perform complex computations using a limited number of qubits, which makes them well-suited
for solving problems in areas such as cryptography and quantum simulation.
Robustness: Quantum mechanics allows for robust computation, which makes QNNs more resilient to errors and noise.

Table 2. Summarized Comparison among the different QNNs

Algorithm Approach Applicatio Training Performance  Implementation
nArea Scheme

Quantum HSGS based Pattern Recognition Perceptron update - Qiskit python library

Perceptron rule

QNN Multi-layer Lie Detection Levenberg- 84%1t095% MATLAB
activation Marquardt Detection rate
functionbased Algorithm based

QCNN Variational Privacy - 95.12% PennyLane
Quantum Circuit Preservation, Accuracy

Speech Recognition

Quantum Machine Learning Tools

TensorFlow Quantum: This is a library developed by Google for implementing quantum algorithms using TensorFlow. It provides a high-
level API for developing quantum circuits and running quantum computations on quantum hardware or simulators.

Cirg: This is an open-source library for creating, editing, and invoking quantum circuits. It is designed for use with quantum hardware and
simulators, and can be integrated with other machine learning libraries such as TensorFlow.

PennyLane: This is a library for quantum machine learning that provides a unified interface for quantum hardware and software simulators.
It includes features such as automatic differentiation and device-agnostic quantum functions.

QuTlIP: This is a quantum toolbox in Python that provides a variety of tools for quantum mechanics and quantum computing, including
functions for quantum machine learning and quantum control.

Qiskit: This is an open-source framework for quantum computing that provides tools for quantum algorithm development, quantum circuit
design, and quantum hardware integration.

Strawberry Fields: This is a full-stack library for quantum photonics, including a set of tools for quantum machine learning. It provides
features such as variational quantum algorithms and quantum neural networks.

These are just a few examples of the tools and libraries available for developing QML algorithms and applications. The field of QML is still
in its early stages of development, and new tools and libraries are being developed all the time.

Quantum Machine Learning applications in real world

Quantum Machine Learning (QML) is an interdisciplinary field that combines quantum physics and machine learning. It aims to
leverage the unique properties of quantum systems, such as superposition and entanglement, to solve problems in machine learning and
artificial intelligence. Currently, QML is still in the early stages of development and there are few real-world applications of it. However,
some potential use cases for QML include:
Optimization problems: Quantum computers can perform certain types of optimization problems much faster than classical computers, which
makes them ideal for solving complex optimization problems in machine learning.
Quantum feature extraction: QML can be used to extract features from quantum data that can be used to train machine learning models.
Quantum neural networks: Quantum neural networks have the potential to perform better than classical neural networks for certain types of
problems, such as quantum control and quantum simulation.
Quantum unsupervised learning: Unsupervised learning algorithms can be applied to quantum systems to discover new quantum states and
quantum phases.
Quantum natural language processing: QML has the potential to significantly improve the performance of natural language processing
algorithms, especially for tasks such as sentiment analysis and text classification.
While these applications are still largely theoretical, there is significant interest and research in the field of QML, and it is expected to play
an important role in the future of machine learning and artificial intelligence.
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Conclusion

A revolutionary benefit in the field of machine learning is promised by quantum machine learning. The enormous quantity of data

being produced and technical advancements in recent years may make it challenging for the probabilistic and optimization-based classical
machine learning algorithms to offer solutions to issues in the real world. Future ML issues are better served by QML based on entanglement
and superposition in quantum computing. On present hardware, QML implementation is still not feasible for computationally intensive
applications employing massive datasets. This might not be a problem in the future because to developments in fault-tolerant quantum
systems and quantum technology. The path to effective quantum machine learning has already been established, and the implementations of
QSVMs, Quantum classifiers, and QNNs covered in this work provide a preview of how future QML algorithms can assist in resolving
optimization and decision-making issues.
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