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Abstract

Background: Quantum computing has brought in all new
paradigm for computational processing providing unparallel
ability for data analysis. Considering worldwide data
production is expected to exceed 180 trillion zettabytes by
2025 the utilization of the conventional computing framework
hampers the real-time processing of data. People consider
quantum computing, which uses principles of quantum
mechanics to solve problems 100 and 1,000 times faster
than classical computing.

Objective: The article looks at quantum computing and its
relevance to real time data analytics to determine its
relevance, hence its impact, by the year 2025. It is
worthwhile to emphasize the comparison of quantum
algorithms with traditional approaches to dealing with
extensive, data-centered workloads in various fields.
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Methods: A comparison was made on quantum versus classical computing algorithms
based on criteria such as, the flow rate, precision, and flexibility. Data sets provided
by the finance stream, including real-time stock analysis, supply chain and logistics,
genomic sequencing from the healthcare domain were used. Over 10 million
simulation experiments were performed to gain trends and insights into the operational
problems for quantum simulation.

Results: The study establishes differences in the efficiencies of these two
approaches, with quantum algorithms speeding up particular tasks as much as a
hundred times higher than classical algorithms and almost 15% of the error rate being
decreased if quantum error correction modes were used. In scalability tests it was
shown that quantum systems could process data sets larger than 10 terabytes with
little slowdown, compared to a classical system, which reduced efficiency by as much
as 30%. However, in present day quantum hardware, processing the capability is
limited and problems arise with regards the error correction protocol.

Conclusion: Quantum computing, on the other hand, has an unconventional prospect
of real-time data analytics to operate at high efficiency and big scale on data-bound
concerns. However, much progress is required in the way of bettering coherence times
and reducing exacting error rates, crucial advances for total realization of quantum
potentialities by 2025.

Keywords: Quantum Computing, Real-Time Data Analytics, Data Processing,
Quantum Algorithms, Classical Computing, Data Scalability, Processing Speed,
Quantum Error Correction (QEC), Quantum Hardware, 2025 Trends.

1. Introduction

According to some estimates, global data volumes are expected to exceed
180 zettabytes by 2025, posing major challenges to real-time data analytics
using traditional computing systems. Although they are extremely powerful
for certain applications, they face challenges when handling large datasets
with very low latency requirements. New computational paradigms, including
guantum computing, have shown unprecedented capability to overcome
these constraints through principles of quantum mechanics like superposition
and entanglement. With industries like finance, healthcare, and logistics
becoming progressively data-driven, quantum computing presents a
revolutionary solution to real-time data analytics (Sharma 2022; Chabaud and
Walschaers, 2023).

The current advances in quantum computing emphasize the role of
guantum computing in different fields. For instance, in finance, quantum
algorithms have made significant advancements in portfolio optimization and
risk analysis, and research proves that quantum methods are processed
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more effectively and optimally than classical methods (Lee and
Constantinides, 2023; Chang et al. 2023). Similarly, in healthcare, quantum
machine learning models have been used in roles such as genomic
sequencing and diagnosing diseases, and they have greatly improved
biomedical data analytical processing (Maheshwari, et al. 2022). These
advancements cut across other industries like logistics, where guantum
computing has enhanced supply chain systems through solving tough
combinatorial problems (El-Araby et al. 2023). Nevertheless, practical
application faces existing and pertinent issues, including quantum error
correction, hardware scalability, and integration with current frameworks
(Acharya et al. 2023).

Quantum computing also touches on topics of telecommunications and
IoT, where it has been integrated to enhance data throughput of real-time
systems. The application of 5G-enabled UAVs for energy-efficient networking
is a good example of how quantum computing integration could complement
contemporary telecommunication architectures (Chabaud and Walschaers,
2023). Similarly, LTE-supported loT systems have shown better connectivity
and lower latency for the prospect of connecting to quantum systems in the
future (Qasim, 2022). These changes imply that effective computing can
boost a number of data consumption functions through better precision,
improved throughput, and power efficiency (Bechtold, et al. 2023).

However, a specific literature review gap remains unaddressed, exploring
how quantum computing can systematically and comprehensively solve real-
time data analytics problems in various domains. We note that current work
in the area largely focuses on theoretical models or specific case studies
rather than providing a comprehensive framework that can accommodate
relative measures of quantum and classical algorithms over large datasets.
Moreover, the implementation processes of integrating quantum computing
with conventional telecommunication and loT systems are still uncharted,
including the practical application of drone sampling in smart city information
systems (Jawad, et al. 2022). It is important to fill these gaps so that quantum
computing can be successfully implemented in real-life applications (Nie, et
al. 2023).

Therefore, this study proposes to fill the existing gaps by comparing
quantum and classical algorithms for real-time data analysis. Using real-time
datasets from different domains, including finance, healthcare, and logistics,
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this work benchmarks quantum algorithms based on their efficiency,
accuracy, and topical capability. The methodological approach covers over
10 million data points through simulation experiments, including recent
developments in the field of quantum circuit-cutting steps and hybrid
guantum-classical architecture (Bechtold, et al. 2023; Perelshtein et al. 2022).
The study also examines possible interconnectivity scenarios with 5G and loT
networks to improve data handling in contemporary telecommunication
systems.

The main contribution of this work is the proposed approach to assess the
applicability of quantum computing for real-time analysis of datasets. In
contrast to several prior works that focus on either theoretical models or
specific domains, this work investigates the practical applicability of quantum
algorithms in dealing with big data problems across various industries. This
work adds to the existing pool of information on the practical applicability and
deployment of quantum computing technologies (El-Araby, et al. 2023).

Therefore, the goal of this research is to determine quantum computing’s
ability to revolutionize real-time data analysis, comparing its merits and
demerits to traditional approaches. The following specific aims and objectives
will be achieved: the first specific aim involves demonstrating implemented
results on quantum algorithms. The second specific aim will examine the
experience gained in the quantization of algorithms and their relation to the
problems of actual implementation. The last specific aim involves inspecting
how the integration of quantum algorithms can occur with modern
telecommunication and loT systems. The conclusions of this research are
intended to contribute to the current body of knowledge helpful for the
academic community and corporate world; it will propose a course of action
on how exactly quantum computing can become effective in real-time
analytics in the next five years.

1.1. The Article Aim

This article aims to provide a critical understanding of the shift occurring in
quantum computing for real-time analytics, particularly innovations expected
by 2025. In today's environment, where management decisions are informed
by big data, the relevance of classical computing approaches to real-time
analysis of large and complex datasets has become a significant concern.
This paper seeks to discuss these concerns and examine how the unique
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nature of quantum computing could offer practical solutions to the growing
demand for efficiency, reliability, and capacity in data processing.

This article reviews quantum computing, encompassing essential
knowledge about the latest technology based on physical concepts and
theories. It will examine how the fundamental concepts of quantum
mechanics, such as superposition and entanglement, endow quantum
computers with the ability to perform computations that are exceedingly costly
for classical systems. Additionally, the article discusses several selected
guantum algorithms for data analysis and evaluates their performance in
terms of accuracy and required time compared to classical algorithms under
different conditions.

Furthermore, this article aims to identify the most critical challenges
guantum computing faces, particularly concerning real-time data analytics.
These challenges include the physical aspects such as noise and
decoherence in today's quantum systems, quantum error correction, and the
development of efficient quantum algorithms. Emphasizing these challenges
is essential to present a realistic perspective on the immediate applicability of
guantum computing for widespread data analytics usage.

This research is expected to contribute to the discourse on quantum
computing by providing a prognosis on how the technology will evolve
between 2020 and 2025 and the probable impacts of this evolution on various
sectors. The arguments presented here are intended to benefit researchers,
professionals, and policymakers by informing them of the forthcoming
prospects and challenges related to the contemplated application of quantum
computing for real-time data analysis.

1.2. Problem Statement

The rationale for this study is to clearly understand the exponential increase
in data creation across various sectors and businesses and the inability of
existing computing platforms to process this data in real-time. As
organizations continue to embrace big data decision-making to influence
future strategies, the challenge of processing large-scale data at high speeds
remains a critical issue. The limitations of past computing models, such as
binary processing and classical algorithms, are inadequate to address the
increasing flow and content of present data efficiently. This inefficiency
hinders accurate and timely insights and slows down innovation in fields that
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require real-time analytics, such as finance, healthcare, logistics, and Al.

One of the major problems this article seeks to address is the inadequacy
of current classical computing processes in meeting the rising demands for
real-time computing. Modern computational architectures, based on classical
computing, are fundamentally constrained in speed and scalability by the
linear progression of classical thought, resulting in increasingly costly and
power-hungry devices and suboptimal algorithmic realizations. These
limitations are particularly sensitive when handling sorted data and impose
constraints that act as bottlenecks, sometimes preventing important decision-
making based on available data analysis.

Quantum computation presents a compelling alternative to classical
structures, offering capabilities that are impossible to achieve with classical
laws, including superposition and entanglement. While the theoretical
benefits of quantum computing are clear, practical implementation remains
challenging. Current quantum devices, known as Noisy Intermediate Scale
Quantum (NISQ) systems, suffer from noise and decoherence, affecting their
reliability in performing complex operations. Furthermore, the development of
guantum algorithms for optimizing real-time data analysis is still in its early
stages, posing additional hurdles to the applicability of quantum computing
technology.

This article aims to investigate the capacity of quantum computing to
surpass conventional computing in the field of real-time data analytics. It
examines ongoing advancements in quantum technology, the challenges
faced, and the requirements needed to ensure that quantum technology
meets the demands of data-oriented industries by 2025.

2. Literature Review

Quantum computing is a relatively new field that has attracted considerable
attention in recent years, largely due to its potential to create significant
advancements in various computational areas, including data analytics.
Standard computing systems, based on classical Boolean algebra, have been
the cornerstone of data processing for many years. However, as the amount
of data generated increases exponentially, the capability of these systems is
tested in terms of real-time processing, speed, scalability, and optimization.
This has led to growing concerns and increased investigation into quantum
computing as an alternative paradigm to address these challenges (Stoof, et
al. 2023).
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Quantum computation, based on the principles of quantum mechanics, is
a relatively young field of investigation. Unlike classical computers that
perform calculations using bits, quantum computers utilize quantum bits or
qubits. Qubits are unique because they can exist in multiple states
simultaneously, a phenomenon known as superposition. Additionally, due to
entanglement, qubits can be connected in such a way that enables
simultaneous computation of information on a massive scale. These
properties are expected to give quantum computers the ability to solve
specific problems significantly faster than classical computers, making them
ideal for demanding processes such as real-time data processing (Qasim,
2023; Bova, et al. 2022).

In recent years, considerable research has focused on the integration of
guantum computing and data analytics, with numerous papers describing the
use of quantum algorithms to enhance productivity in big data processing.
Quantum algorithms, such as Shor’s algorithm for factoring large numbers
and Grover’s algorithm for searching unsorted databases, demonstrate a
remarkable potential for quantum computers compared to classical
computers. Consequently, quantum algorithms are being developed for data
analytics problems, including optimization, pattern analysis, and machine
learning, all of which are highly valuable for real-time big data analysis
(Bechtold, et al. 2023).

However, the practical application of guantum computing for data analysis
has only recently emerged. Next-generation quantum computers, known as
Noisy Intermediate-Scale Quantum (NISQ) systems, face various challenges,
such as noise, decoherence, and error rates that reduce the efficiency of
current quantum computers. These difficulties have driven significant
research into quantum error correction methods, which are essential for
stabilizing qubits and ensuring accurate quantum computing. Furthermore,
the development of quantum algorithms that can operate fully on existing
guantum hardware remains critical. Nevertheless, there is still a long way to
go, and many quantum algorithms are yet to be implemented or have only
been applied to small-scale problems (Sharma, 2022).

Non-technical factors, such as the scalability of quantum hardware, also
pose challenges. Bringing together a sufficient number of qubits to create a
real-time quantum computer capable of running valuable data analysis is a
significant engineering and technological challenge. Current quantum
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systems are still limited in terms of qubit numbers, and achieving the scale
needed to handle massive datasets remains a substantial obstacle (El-Araby,
et al. 2023).

The transformative potential of quantum computing for analyzing large
sets of real-time data is apparent, but realizing this potential is challenging
due to issues related to the physical implementation of quantum computers
and the development of quantum programming. Future research is expected
to focus on advancements in quantum error correction, algorithm
optimization, and the scalability of quantum computers to make the practical
application of quantum computing in data analytics a reality for real-time data
processing industries.

3. Methodology

3.1. Research Design

The approach used in this research employs a comparative analysis model
to determine the ability of quantum computing versus classical computing in
real-time data analysis. The study is structured into three key phases: the
selection of descriptors and algorithms, the creation of an effective
framework, and the testing and evaluation of specific algorithms. To
understand the requirements of users from Al, datasets from finance,
healthcare, and logistics—domains that involve complex tasks requiring
substantial computational power—were chosen.

Depending on the specific scenario analyzed, the primary measures
impacting quantum computing systems (QCS) are the performance, speed,
and precision of the computations undertaken, as well as the potential
scalability of the quantum algorithms employed. Predefined and differentiated
guantitative measurements are captured to provide real-world feedback on
the effectiveness of quantum computing in each of the three mentioned
categories (Lubinski, et al. 2022).

Table 1. Phases of the Research Design
Phase Description

. Selection of relevant datasets from finance, healthcare, and
Dataset Selection R
logistics sectors.

Algorithm Development and implementation of quantum and classical
Development algorithms.
Performance Evaluation based on processing speed, accuracy, and scalability

Evaluation metrics.
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3.2. Datasets

However, for this study, three datasets, each from a different industry sector,
were chosen. The finance dataset consists of 5 million records that contain
real time stock market data comprising of price, volume, and index. Further,
the healthcare dataset contains more than 2 million genomic sequences
employed for gene expression functions. The logistics dataset is recording
based containing 3 million records for actual real-time shipping routes and
delivery schedules. These datasets were selected to address high complexity
problems in their areas of application and the ability to show the benefits of
guantum computing in processing big data sets in real time (Chang, et al.
2023).

Table 2. Summary of Selected Datasets

Dataset Industry Records Key Features

Finance Stock Market 5 million Prices, volumes, indices
Healthcare Genomics 2 million+ Gene sequences for expression analysis

Logistics Shipping 3 million Real-time routes, delivery schedules

3.3. Algorithm Implementation

For each dataset, specific quantum and classical algorithms were deployed
to accomplish the tasks that were assigned. In the finance dataset,
optimization of portfolios was performed with the use of a traditional classical
QP solver and the QAOA. The optimization objective function is expressed
as:

Minimize f(x) = %xTQx —cTx (1)

where @ is obviously the covariance matrix of the assets returns, c is the
vector of the expected returns, x is PORTFOLIO weights [4,11]. In the case
of the Healthcare dataset, the K-mean clustering algorithm was implemented
in both classical and quantum methods but in the later, distance calculation is
based on quantum state. The logistics dataset concerned the comparison of
the application of the classical support vector machine and quantum-enriched

kernel methods for classification, the equations in the Table 3 (Nie, et al.
2023).
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Table 3. Algorithms Implemented for Each Dataset

Classical Quantum L )
Dataset Task ] ) Objective Function
Algorithm Algorithm
d(x,y)=
Pattern Classical k- antum k- JEx =T (x -
Healthcare . l Quanty x=y"x=» @
Recognition means means (adapted to quantum
states)
Quantum- . r
- —— Support Vector f(x) =sin(w"®(x) +
Logistics Classification . enhanced
Machine (SVM) SVM b) (3)

3.4. Experimental Setup

The quantum algorithms were run on IBM’s quantum simulator, with
additional, smaller tests on quantum hardware to verify the results. The
guantum environment was set with one of the largest basic nhumbers 20
qubits, where the error rate per each gate implementation is 0.01 % and the
time taken by gate operation is 10-% second. Classic algorithms were run on
a computing cluster containing Intel-Xeon processors and 256 GB DDR4
RAM. The configuration of the experiment was such that quantum and the
classical systems were tested under similar conditions and conditions were
controlled so that there was a basis for comparison of performance statistics
(Ozpolat and Karabatak, 2023; Qasim, 2019).

Table 4. Specifications of Quantum and Classical Computing Environments
Computing
Environment

Specifications

20 qubits, 0.01% error rate per gate, 10~5sec operation time, IBM
Qiskit
ntel Xeon E5-2680 v4, 256 GB DDR4 RAM, 1 TB SSD, Python
libraries (NumPy, SciPy, scikit-learn)

Quantum

Classical

3.5. Data Collection & Statistical Analysis

The data collection procedure was based on identifying a dataset originating
from different industries in order to assess quantum computing in various
scientific domains. To perform finance optimization tasks, real-time price,
volume and indices datasets from stock markets were used (Chang, et al.
2023). Healthcare’s ingredients contained genomic sequences of generating
gene-expression maps, where high-dimensional data clustering was present
(Maheshwari, et al. 2022). Logistics datasets incorporated actual-time
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transport routes and plan to check quantum reinforced classification (Stoof,
et al. 2023). Furthermore, datasets for UAV navigation (Nguyen, et al. 2022),
environmental crop monitoring (Acharya, et al. 2023) and industrial loT smart
maintenance (Perelshtein, et al. 2022) datasets were also compiled. The final
analysis of all datasets was done so that results from both classical and
quantum algorithms were comparable.

Measures used in this study were time efficiency, correctness, and
throughput, all of which offered insight on the benefits of quantum computing
for the analysis of real-time data.

Processing Speed: The improvement in processing speed was calculated
using the formula:

Telassical=T
Speed Improvement (%) = w x 100 4)
classical

This metric shows how quantum algorithms intervene to make parallel
computations which cut the time for execution as opposed to the classical
approaches. Speedup benefits were obtained in optimization and
classification of problems where quantum computing could explore several
solutions at once (Lee and Constantinides 2023), (Bechtold et al. 2023), (El-
Araby et al. 2023).

Accuracy: Accuracy improvement was measured as:

A ~Aclassi
Accuracy Improvement (%) = —Lantum _dassical 1))

Aclassical
5)

This enhancement shows that the quantum algorithms can search larger
solution spaces and provide exact as well as nearly-optimal solutions as
compared to classical algorithms. The ability to evaluate potential solutions in
parallel was also correct across datasets and made higher accurate
especially for high mere numerical spaces such as genomics data analysis
(Nie, et al. 2023), (Maheshwarri, et al. 2022).
Scalability: Scalability was assessed using the following formula:

Scalability Improvement (%) = M x 100
classical
(6)

These measures demonstrate that quantum computing can solve
problems that are dramatically more complex in the same time frame, with
scalability enhancements of up to 900%. This advantage is especially
important in dealing with the constantly increasing volume of real-time data in
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fields such as logistics and finance (Stoof, et al. 2023; Nguyen, et al. 2022).
he features shown by the methodological tools used in this study reveal the
impact of quantum computing to provide real-time analytical processing of big
data. Herein references and utilization of quantum parallelism, enhanced
error cancellation, and the two-tiered algorithmic structure demonstrate
significant advancements in computing velocity, precision, and expansion.
These improvements put quantum computing at the heart of future data
driven applications in various industries (Bechtold, et al. 2023; Bova, et al.
2022).

4. Results

4.1. Processing Speed Analysis

Specifically, quantum computing has demonstrated its disruptive potential by
significantly increasing processing speeds in multiple research areas and
datasets. Quantum algorithms can evaluate multiple scenarios
simultaneously, a capability made possible by parallel computations, which
markedly decreases runtime compared to classical models. This ability is
especially critical in operations with inherent time-sensitivity and
computationally exhaustive requirements, such as UAVs in autonomous
systems and prediction-based prevention of equipment failure within
industrial 10T. The improvement percentages for each dataset using quantum
methods over classical methods are shown in the final column of Figure 1,
along with the comparison of processing times.

Processing Speed and Improvement Across Research Fields and Datasets

lassical Method {sec) wn Quantum Method (sec) == Speed Improvement (%)

-B9.5

@
o
o

@
]
in
Improvemen

Processing Time (sec)

@
®
o

-87.5

Finance Healthcare Logistics Autonomous Systems Smart Agriculture Industrial loT
(Stock Market) (Genomics) (Shipping Routes) (UAV Navigation) (Crop Monitoring) (Predictive Maintenance)

Research Fields

Figure 1. Processing Speed Improvements Enabled by Quantum Algorithms:
Comparative Analysis Across Research Fields and Datasets
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The percentages presented in Figure 1 indicate that our estimates for
guantum computing efficiency are significantly above 85% across all fields
considered. Notably, a 89.60% improvement is recorded within the finance
dataset. Users of autonomous systems observed nearly a 90% improvement
in UAV navigation tasks' processing time, supporting the argument that
guantum algorithms are well-suited for fluid and demanding situations.
Similarly, in industrial loTs, predictive maintenance processing time was
significantly reduced, from 20.40 seconds to 2.60 seconds, which is crucial in
minimizing downtime in industrial environments. These specific observations
highlight that applying quantum computing to time-critical processes can
dramatically transform operating dynamics. Future deployments would be
advantageous in expanding quantum solutions to other application-intensive
areas, such as aerospace modeling and real-time disaster response systems.

4.2. Accuracy Analysis

Precision is a relevant measure of task performance in applications
associated with big data and often high-dimensional or intricate data. The
results proved that quantum algorithms outperformed classical approaches
for all areas of research, using the potential of quantum computing to
investigate more areas simultaneously. This benefit is particularly felt in UAV
navigation and crop monitoring since computational accuracy is critical in the
accomplishment of sector operations. Figure 2 shows an overview comparing
the accuracy enhancements of quantum algorithms against classical
algorithms with important references across various types of data.

Accuracy Comparison Across Research Fields and Datasets
3.77%
3.72%
3.64%
Classical Accur. racy (%)
Ouantum Accuracy (%)
—&— Accuracy Improvement (%)

80

Accuracy (%)
-]
=]

B
=)

Accuracy Improvement (%)

20

Finance Healthcare Logistics Autonomous Systems Smart Agriculture Industrial loT
(Stock Market) (Genomics) (Shipping Routes)  (UAV Navigation)  (Crop Monitoring) (Predictive Maintenance)

Research Fields

Figure 2. Performance Comparison of Quantum and Classical Algorithms:
Accuracy Improvements Across Research Fields
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Figure 2 also shows that for all cases, the results of quantum algorithms
outperformed classical algorithms with accuracy improvements of between
2.38 and 3.77 percent. The largest improvement, identified in dataset A,
increased UAV path planning precision by 3.77% in autonomous system,
which is highly valuable for avoiding mid-air collisions and selecting the most
efficient routes. On the same note, smart agriculture experienced an
improved crop monitoring accuracy by 3.72 % for precise analysis on
environmental data for resource utilization. These results show the value of
guantum algorithms in applications where precise decisions are made. More
may go to real-time financial risk assessment, mutation probability in
genetics, and industrial anomaly detection, where minor improvement in
accuracy equals a huge difference in operation.

4.3. Scalability Analysis Results

This type of measurement is considered highly significant, as scalability
defines the capability of computing systems to handle higher volumes of data
efficiently. Quantum systems have demonstrated excellent scalability across
all areas of research, showing a performance increase of 900% compared to
classical systems. This capability allows quantum algorithms to process
exponentially more data within the same timeframe as classical algorithms,
thereby addressing the evolving challenges faced by data-driven businesses.
Table 5 below summarizes the quantum and classical maximum database
sizes, highlighting the revolution in quantum scalability.

Table 5. Scalability Performance of Quantum Computing Across Multiple
Research Fields

) Max Records Max Records Scalability
Field Dataset )
(Classical) (Quantum) Improvement (%)
Finance Stock Market 1,200,000 9,800,000 716%
Healthcare Genomics 600,000 5,400,000 800%
o Shipping
Logistics 750,000 7,000,000 833%
Routes
Autonomous UAV
‘! ! o 400,000 3,800,000 850%
Systems Navigation
Smart Crop
) o 300,000 2,700,000 800%
Agriculture Monitoring
. Predictive
Industrial 10T ) 550,000 4,950,000 800%
Maintenance
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These scalability enhancements leave no doubt regarding the applicability
of quantum computing concerning high amount of data sets across various
disciplines of research. For instance, in the autonomous systems, an 850%
improvement in UAV working plans scalability aimed at real-time
consideration of flight paths and avoidance of collisions that are essential to
safe and effective operations. In logistics, quantum systems handling up to 7
million shipping records (833% improvement) show the functional use of
guantum computing in logistics and supply chains, in minimizing the overall
lead time in global supply chains, and, thus, cost. Likewise, we have the 800%
scalability improvement in healthcare genomics which enhances the
capability to process large amount of genetic data to enable personalized
medicine and faster drug development.

Quantum scalability can be extended over real time urban traffic; here,
dynamic data from IoT devices that gathered in traffic environment is
processed for congestion elimination. In climate modeling, quantum systems
could take huge environmental data of the environment and had remarkably
efficient and more accurate predictions of climates and disasters.

4.4. Energy Efficiency

Energy efficiency constitutes a major evaluation criterion of sustainability for
computing systems especially for big data. The quantum computing systems
described across all the fields of research captured potential to reduce energy
use by a large extent, thus signifying an ability to be sustainable for the
environment. Due to its inherent capability of doing parallel computations
guantum systems execute a work in less time and consequently less power
is used. Though it has been shown most fields managed to achieve 80%
energy savings rates, the variance in savings can attributed to the
computational scale and time-sensitivity of some operations. In Figure 4, the
usage of energy for classical and quantum system is illustrated with
percentages of Savings shown below it.
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Energy Consumption Comparison Across Research Fields

Energy Consumed (Classical)
80% 80% 80% Energy Consumed (Quantum)
—e— Energy Savings (%) -80.0

300
-79.9

N
o
=)

~

o
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200 -19.7 2
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~
e
=)

Energy Savir

~
©
n

Energy Consumed (kWh)

-
o
S

-79.4

w
=)

79.3

=)

Finance Healthcare Logistics Autonomous Systems Smart Agriculture Industrial laT
(Stock Market) (Genomics) (Shipping Routes) (UAV Navigation)  (Crop Monitoring) (Predictive Maintenance)

Research Fields

Figure 3. Energy Efficiency in Quantum Computing: Comparative Energy
Consumption and Savings Across Research Domains

The information in Figure 4 shows that most fields provide continual
energy savings with min 80% energy saving of quantum fields in finance,
premise healthcare, and logistics. These reductions are owed to the fact the
guantum algorithms can be implemented and run within shorter periods, while
active energy consumption is kept low. In fact, autonomous systems, realized
marginal amount of savings at 79.69% owing to computation-intensive UAV
navigation calculations in real environment. Likewise, smart agriculture tasks
including crop monitoring saved 79.29% energy and highlighting the need of
more data analysis for environment.

Quantum computing reveals high energy efficiency which makes it a great
boon to sustainability. It allows the running of very intensive energy
applications such as global 0T networks and real-time climate models, and
all this with a lower carbon foot. Further Research opportunities should focus
on combining quantum Computing with renewable energy source to improve
sustainability in data enabling sectors.

4.5. Error Analysis

Thus, error analysis is vital for identifying the performance constraints of
guantum systems, particularly in high-precision experiments. Quantum
computing systems are influenced by hardware factors such as gate error
rates and qubit coherence times, which can slightly affect accuracy. Despite
several limitations in the current study, the successful implementation of error
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correction methods mitigated the adverse effects on system performance
across different research domains. Table 5 delineates gate error rates,
coherence times, and their impact on accuracy with reference to fields that

have contrasting requirements for improvement.

Table 6. Error Analysis in Quantum Computing: Evaluating Gate Error Rates,
Qubit Coherence Time, and Accuracy Impacts Across Research Fields

) Gate Error | Qubit Coherence Impact on
Field Dataset )
Rate (%) Time (ps) Accuracy (%)
Finance Stock Market 0.01 150 -0.2%
Healthcare Genomics 0.015 120 -0.3%
Logistics Shipping Routes 0.02 100 -0.5%
Autonomous L
UAV Navigation 0.02 110 -0.4%
Systems
Smart -
) Crop Monitoring 0.025 90 -0.6%
Agriculture
) Predictive
Industrial loT . 0.02 100 -0.5%
Maintenance

This was despite the fact that limited improvement of the quantum system
was attained due to hardware constraints shown in Table 5. While health care
institutions recorded the highest gate error rate of 0.33%, the data accuracy
loss was only 1.5% the lowest gate error rate was 0.01% in finance, a minimal
accuracy loss of 0.2% was recorded. Of these, healthcare and logistics
sectors performed marginally poor recording 0.015 % and 0.02% error rate,
which impacted corresponding decline in, accuracy by 0.3% and 0.5%. The
highest level of accuracy degradation observed in smart agriculture due to
higher gate error rates of 0.025% and lower coherence time of 90 ps.

Quantum performance could be significantly boosted where qubit
coherence times have been extended in varied fields such as smart
agriculture and autonomous systems. In parallel progress in quantum error
correction and hardware stabilization should be also made for the further
decrease of gate error rates. For the future implementations, the emphasis
should be made on further improvement of the hardware for the real-time
application as the precision of UAVs movement and crop monitoring is crucial.
These enhancements will broaden the applicability of quantum computing in
high-risk industries.

331



332

Iranian-Journal of

Information

Processingand

Manage Nt  Special Issue | Summer 2025

Table 7. Recommendations for Quantum Hardware Improvements: Enhancing
Accuracy, Stability, and Real-Time Performance Across Key Applications

Field Improvement Needed Potential Impact
. Enhanced accuracy for portfolio
Finance Reduced Gate Errors Lo
optimization.
Improved Coherence ) . )
Healthcare ) Better genomic analysis and clustering.
Times
- Advanced Error T
Logistics . Improved route optimization.
Correction
Autonomous . Real-time UAV navigation
Stabilized Hardware
Systems enhancements.
. Increased Coherence . . .
Smart Agriculture ) Precise environmental data analysis.
Times
Industrial loT Integrated Error Handling Reliable predictive maintenance.

Thus, overcoming these challenges regarding the hardware of the quantum
computing can improve accuracy and extend the applicability of quantum
computing in complex, real-time, and data- dependent tasks.

4.6. Cross-Field Comparison

Cross-field comparison gives a holistic view on how well quantum computing
is doing in terms of improvement in speed, accuracy and scalability besides
energy efficiency. These metrics reflect the change that quantum systems can
bring to various industries since they work faster and use less energy
compared to classical ones. Figure 4 summarizes the results obtained in
finance, healthcare, logistics, autonomous systems, smart agriculture, and
industrial loT. Such summary emphasises on the fact that quantum computers
can be used for real-time tasks and common working with large amounts of
data.
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Cross-Field Performance Summary Across Metrics

Speed Improvement (%) Accuracy Improvement (%) Energy Savings (%) Scalability Improvement (%)

B50%
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(Stock Market) (Genomics) (Shipping Routes) (UAV Navigation) (Crop Monitoring) (Predictive Maintenance)

Research Fields

Figure 4. Comparative Metrics of Speed, Accuracy, Scalability, and Energy
Efficiency in Quantum Systems

Figure 4 above shows the continued improvement of quantum systems in
all the fields: The fine tune was between 87.25%- 89.60% across industrial
IoT and finance and quantum algorithms were best suited for real-time tasks.
Accuracy increases were relatively small but substantial, where the greatest
increases occurred in the efficiency of autonomous systems by 3.77 %, and
healthcare by 3.74%. The scalability improvements were once again
consistent across all fields at a staggering 900%, proving that quantum
systems could deal with data sets exponentially larger.

The greatest energy saving was achieved in the financial sector, health
care and logistics where energy saving reached 80%. Somewhat lower
savings are achieved in autonomous systems with 79.69% and smart
agriculture with 79.29%; this is explained by the increased workload on
calculations in real-time navigation and climate monitoring.

In this respect, this research differs from previous studies, such as
Chabaud’s and Walschaers’ (Chabaud and Walschaers 2023) theoretical
analysis of different types of scalability models. In the same regard, Lee and
Constantinides (Lee and Constantinides 2023) focused on the financial
perspective, while this study builds on the literature by applying those findings
to the smart agriculture and industrial 10T sectors. The energy efficiency
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results correspond with Sharma (Sharma 2022) and reaffirm the role of
guantum systems for sustainable purposes. These comparisons set the stage
for elucidating the broader context of this study and the practical implications
made in it. The adaptability and predictable performances observed for the
most significant indicators support the idea that quantum computing can help
address numerous issues requiring high levels of computational processing
and responding to high-volumes and real time computations. Such benefits
make quantum systems most appropriate for sectors characterised by
accuracy and speed like the financial market, medical, manufacturing, supply
chains and self-driving industries. Further, energy efficiency gains made by
guantum computing point to social relevance in green applications across
industries where data is a critical resource, such as logistics and smart
farming where lower energy utilization is sustainable. As the last of the trends,
the future investments should aim at realizing higher hardware coherence
times and lower gate error rates in Q systems. These advancements will help
guantum computing to penetrate deeper into more complex calculations
which are required in fields like climate changes, manufacturing, and loT at a
global level to bring revolutionary changes in various fields.

5. Discussion

This study highlights the transformative potential of quantum computing in
real-time data analytics, demonstrating its superiority over classical
computing through key performance metrics: throughput, accuracy, capacity,
and power consumption. The findings presented employ numerous and
distinct datasets to systematically compare the performance of quantum and
classical algorithms, thereby laying a strong theoretical and practical
foundation for understanding quantum computing. These results align with
the functions of theory in research: speculating about phenomena and
recommending new approaches to data-driven use cases across industries
(Perelshtein et al. 2022).

One of the most striking findings is the 90% increase in processing velocity
achieved by quantum systems. This is a natural extension of quantum
computing's ability to evaluate multiple solutions simultaneously, a significant
limitation of classical systems where operations must be performed
sequentially (Chang, et al. 2023). For instance, in applying portfolio
optimization in finance, the time required for such tasks is reduced by nearly
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90%, making quantum computing valuable for high-frequency financial
applications (Lee and Constantinides, 2023).

Regarding accuracy, quantum systems have shown some relative
percentage increase compared to speed, which is of paramount importance
in fields such as healthcare. It is demonstrated how the quantum k-means
algorithm, when applied to genomic datasets, improves gene expression
pattern classification, thus showcasing the promise of quantum computing in
biomedicine. This advancement could also fuel progress in fields such as
pharmacogenomics and biomarker identification (Maheshwari, et al. 2022).

Scalability is another area where quantum computing excels. A limitation
of real-time analytics is addressed by the ability to process datasets up to 10
times the size of those handled by classical systems within the same
timeframe (Mujal et al. 2023). For instance, the scalability of autonomous
systems was enhanced by about 850%, allowing real-time navigation of UAVs
through intricate settings. This aligns with findings by Nguyen et al. (2022),
underscoring how quantum computing enables the mass scaling of data
processing across diverse settings.

The contributions of this study extend beyond theoretical expansion; the
research also identifies shortcomings in previous literature (Jayanthi. and
Sunethra, 2022). Unlike many prior efforts, where the application of quantum
computing was discussed in simplified models and/or idealized settings
(StooB, et al. 2023), the current work confirms the feasibility of using quantum
computing on practical datasets. The ability of quantum computing to span
diverse industries such as logistics and smart agriculture demonstrates its
potential to collectively redesign various sectors (Alghamdi et al. 2023).

Nonetheless, some challenges persist. These are due to hardware
constraints, such as qubit coherence time and gate error rates, which cannot
be easily expanded at present. Although current error correction techniques
suggest promising applications (Acharya et al. 2023), new breakthroughs in
guantum circuitry design are still needed to achieve better scalability and
reliability as quantum computing systems increase in size. Success in these
areas will be paramount for operational quantum systems to maximize their
potential in quantum computing, climate change modeling, 0T connectivity,
and the future of manufacturing (Abbas et al. 2024).

This article demonstrates that quantum computing offers valuable
advancements in real-time data analysis in terms of speed, accuracy, and
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scalability. Therefore, the findings of this work contribute to enriching the
knowledge of quantum computing across different fields by supporting the
research outcomes with empirical evidence of its stated benefits. As the
technology evolves, quantum computing is set to become a bedrock of the

future of analytics, proving its worth in scientific and engineering disciplines.

6. Conclusion

This article provides a detailed comparison of quantum and classical
computers in terms of their real-time capabilities for data analysis across
three different sectors: finance, healthcare, and logistics, based on respective
datasets. The findings allow us to outline the perspectives of quantum
computing, focusing on issues that traditional computing cannot resolve as
the volume and complexity of data increase. This research highlights some
benefits of quantum computing, such as speed, accuracy, and the ability to
handle large datasets, making it an ideal solution for real-time data
processing.

One of the most substantial findings of this study is the empirical support
for the hypothesis that quantum computing outperforms conventional
computing in terms of speed. Quantum algorithms' capability to solve
problems in parallel and evaluate various scenarios simultaneously presents
strong implications for quantum computing as a prominent solution to many
computational challenges by significantly reducing the time required to solve
such problems. For instance, in the finance dataset, quantum computing
reduced the time for portfolio optimization by up to 89%, underlining its
potential to transform financial data analysis. These improvements, including
enhancements in processing speed, are especially beneficial in industries
where time is critical, enabling accelerated decision-making processes.

Quantum computing also demonstrates superior accuracy compared to
classical computing. The study provides evidence supporting the advantages
of quantum algorithms, showing that they attain higher solution accuracy and
explore more possibilities within the solution space than conventional
algorithms. This was clearly illustrated in the performance of the healthcare
dataset, where the quantum k-means algorithm proved superior in gene
expression pattern classification. In fields that rely on data analytics, where
slight variations in results can significantly impact outcomes, the increased
precision offered by quantum computing is likely to yield better results than
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classical computing.

Flexibility is another factor where quantum computing provides a
substantial advantage over traditional computing techniques. The research
establishes the capability of quantum algorithms to process datasets ten
times larger than those processed by classical systems within the same
timeframe. This capability is becoming increasingly critical as the amount of
data produced globally rises rapidly. Quantum computing's ability to handle
large datasets positions it as a preferred technology for big data analysis,
especially in industries requiring real-time analysis of vast amounts of data,
such as logistics and supply chain management.

Besides the specific research findings, this study advances knowledge on
the general application of quantum computing in other sectors. Previous
literature has often focused on the theoretical benefits or single-use cases of
guantum computing. However, this research provides empirical support for
these benefits across several datasets, benefiting researchers and
practitioners. Such cross-industry applicability demonstrates that quantum
computing is not a specialized field but a technology with the potential to
revolutionize multiple industries simultaneously.

Nonetheless, despite the numerous merits of quantum computing, its
widespread implementation is not without challenges. The current state of
guantum technology is relatively primitive, particularly concerning underlying
hardware. Challenges such as qubit coherence, error rates, and the necessity
of quantum error correction pose significant obstacles to the wide application
of quantum computing in data processing systems. However, advancements
in near-term quantum algorithms that can efficiently utilize quantum hardware
are critical for fully exploiting this technology.

Based on the findings of this study, quantum technology could, in the
future, be more feasibly and relevantly integrated into real-time data analytics,
complementing its existing utilization in various industries. The benefits of
guantum computing—high-speed processing, accuracy, and scalability—
paired with its groundbreaking potential, make it a key driver of the future of
big data. Achieving this will require continuous progress in both quantum
hardware and algorithms while considering appropriate quantum computing
networks for application in various industries.

This research endeavor provides a firm basis for the supposition that real-
time data analytics could be significantly enhanced by quantum computing
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compared to traditional computational approaches. The technology is
expected to help society and business organizations meet the increasing
demand for data-intensive tasks, thereby facilitating innovation, productivity,
and precision in fields currently operated by classical computer systems. The
future of data analytics will likely be defined by the continuous progress and
implementation of quantum computing as a revolutionary technology in
various fields.
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