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Abstract: Classical computing is a traditional computing system currently used in digital devices like
laptops, smartphones, servers and personal computers and works on binary bits concept where information
represents in the form of 2 states, either 0 or 1. Classical computing follows deterministic and sequential
computing approach leads to efficiently perform normal and daily computational task. On the another hand,
guantum computing is an advance and emerging computing paradigm based on the principle of quantum
mechanics, in this qubits(quantum bits) are used in place of classical bits and the main thing is qubit exist
in both 0 and 1 states simultaneously, also known as superposition. Through quantum computing
entanglement and parallel processing, it performs complex calculation comparatively faster than classical
system. In this study, comparison between classical and quantum computing is based on multiple
parameters like basic unit (bit vs qubit), processing method, speed, determinism, operating condition and
application areas. After analyzing, it shows that quantum computing has a lot of potentials for things like
cryptography, Al, optimization drug discovery. On the contrary, classical computing is more useful and
dependable for everyday computing and general-purpose computing. Study concludes that quantum
computing never replaces classical computing instead works as hybrid computing system and supports

technical advancement in multiple industries.

Keywords: Classical Computing, Quantum Computing, Qubit, Superposition, Quantum Algorithms,
Computational Performance

1.0 Introduction

Evaluation in computing technology take place with respect to time in earlier time it starts with mechanical
calculator performs simple mathematical calculations, after that, electronic computer come were developed
and with time it become fast, efficient and more accurate. Today’s modern digital system is one of the examples
of that. Classical computing is a traditional paradigm used almost in every device like laptops, smartphones,
servers and personal computers. It is based on binary digits and follows the deterministic processing. Classical
computing normalizes the data storage, communication, automation, and general-purpose computing and
establish the foundation of modern technology.

With the advancement in technology, the complexity level of computational problem also raises high. Many
limitations and problem come into an image in the domains like Cryptography, molecular simulation, artificial
intelligence and optimization [5]. Also, it is difficult to overcome that problem because of sequential
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processing aur binary state restrictions [3]. Quantum computing is introduced to overcome this limitation.
Quantum computing is based on quantum mechanics and use qubits to represent multiple state at a time.
Superposition and entanglement like concepts make quantum system capable to efficiently process the
complex calculations.

Objective of quantum computing is not to replace the classical computing instead, provide better performance
in that area where traditional system is limited. This technology used in cryptography, drug delivery, climate
modelling, optimization and advanced Al application [4] [11] [15].

The main objective of this paper to compare classical and quantum computing. Discussion includes,
fundamental concepts, processing methods, computational performance, application areas and future hybrid
computing architecture. Paper scope is limited to conceptual aur analytical comparison and include deep
hardware implementation or algorithm coding is not included here [6][7] [10] [14].

2.0 Literature Review

Recently, many researchers are investigating various facets of classical computing versus quantum computing
due to rising computational demands and the advancement of quantum technologies. To be more specific,
several dimensions of the quantum computing spectrum are being widely investigated. Studies help to make
comparisons regarding different type of computational models, processing capabilities, areas of applications,
hardware problems and future. The research provides us with various ideas on quantum computing. However,
it must be highlighted that a comparative overview of quantum vs classical computing.

According to a more recent paper “Quantum Computing: Vision and Challenges”, by Gill et al (2024-2025),
we are in an exciting era of quantum computing revolution, which will change the way we compute
information. The paper presents both foundational and application type aspects which are likely to keep
guantum computing on the map. It highlights the fundamental computational ideas of superposition and
entanglement that can enhance the computational power of classical devices. The study discusses the different
uses of Quantum computers like cryptography, logistics, communication, and much more [15].

McArdle et al. (2020) quantum computational chemistry contribution provides greater influence on the
chemistry simulation using quantum algorithms. According to the authors, quantum computing can help us
solve some molecular and biochemical problems that are still computationally very challenging for classical
computers. This research shows an approach for finding quantum algorithms in chemical applications. The
paper has turned out to be one of the most cited in the above domain. It indicates the huge potential of quantum
technologies in scientific research.

Herman et al. (2023) discusses the involvement of quantum computing in the financial systems. The authors
examine quantum computation theory in finance in light of past and possible future developments versus
classical methods. The authors investigate the usefulness of QE on financial data classification.

Many more comparative and industry-focus articles enhance our understanding of this relationship. A
TechTarget article explains the difference between bits and qubits, classical physics versus quantum
mechanics, for example. (2025) There is an article by Quantropi (2021) that addresses a number of security
issues and raises concerns regarding how systems can influence encryption and cybersecurity. According to
an article on Forbes (by Bernard Marr, 2025), classical computing continues to dominate most computing tasks
we encounter in life, but quantum computing is better suited for more specialized tasks [9].

After analysis of the relevant literature, it is concluded that researchers have compared many dimensions of
computational systems. Some of the features covered in previous studies bits vs qubit, faster/faster, processor
Vs processors, classical quantum algorithms (application area), quantum cryptography, the future of classical
hardware in can quantum computations, hybrid future of classical/quantum computing. The studies in the
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research area of extrapolation have discussed the issues of exponential scaling, parallel computation and
practical implementation problem [14].

Many research gaps still exist, despite the above extensive developments. Most studies or models usually
perform analysis, taking selected features into account but lacking an in-depth analysis based, comprehensive
multi-dimensional comparison, thus, it is highly essential to evaluate multi-dimensional influential factors. A
limited range of studies examines the analysis of operating conditions is including speed, security, etc.
Mathematical Formulation is however not used by most of the study. The integration of visual representation
and a systematic evaluation of critical challenges has not been used across computing paradigms.

The study detailed goes into great detail about the analysis of classical and quantum computation. The paper
also studies the algorithms used in quantum computing. Yet, it does not compare classical and quantum
computing on comparative basis. Furthermore, the comparison conducted in Ref. 19 only includes numerical
algorithms. Also, the authors of Ref. 19 only compare traditional and quantum computing based on
performance. This study thus damages the total comparative study of classical and quantum computing. To
conquer such limitations [6][7] [10].

Table 1. Literature Review Summary Table

Author Year Focus Limitation

Gill et al. 2024 Hardware, crypto, scalability Limited classical
McArdle et al. 2020 Quantum chemistry Domain-specific only
Herman et al. 2023 Finance applications No fundamental details
TechTarget 2025 Basic bit vs qubit analysis Shallow performance
Quantropi 2021 Security threats, encryption Limited applications
Forbes (Marr) 2025 Daily vs specialized No mathematical

2.1 Fundamental of Classical and Quantum Computing

Computing technology has become one of the most important foundations of modern society. Every
aspect of society today utilizes computing technologies, from the most basic forms of communication
to artificial intelligence. Computing technology has undergone massive development over time,
allowing computers to perform billions of operations in a short period. Two of the most important
developments in computing technology are classical computing and quantum computing. Classical
computing is the traditional form of computing that is still used all around the world today. In contrast,
quantum computing is a newer form of computing that is utilized to solve complex problems.

Classical computing refers to the conventional model of computing that is used in modern electronic
devices. These devices can range from laptops and smartphones to data centers and the servers that
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power the internet. Classical computing uses binary bits to represent information, limiting each bit of
data to existing in one of two states: 0 or 1[3].

The working principle of classical computing is based on a deterministic approach. With this
approach, the same input and instructions will always yield the same output. The operations in the
computer are performed in a specific, sequential order by the computer’s processors and memory.
The architecture of classical computers is constructed to allow for reliability and stability during its
use.

The information in a classical computer can be represented mathematically using binary states.
Equation 1: Binary Representation of Classical Bit:
be{0,1}
0 — OFF/ False/ Low Voltage
1 — ON/ True/ High Voltage

above equation shows it occupies only one state at a time. Not like Quantum system where no
simultaneous state even exists. Diagram to show the simplified architecture of classical computing
is given below:

INPUT

Y

CPU (PROCESSING)

ouTPUT

Figure 1: Classical Computing Processing Model

As illustrated in Figure 1, classical systems receive input, process the instructions through the CPU,
and either temporarily or permanently store the data within the system’s memory, then output the
data. These classical system models are used to support the majority of applications that exist in
today’s systems [2].

Despite the successes of classical computing, complexity in performing certain tasks places
limitations upon computing power. Tasks like simulating molecules, performing optimization,
performing cryptographic operations, performing climate simulations, and even performing machine
learning tasks all require immense computational power to efficiently perform. Search for optimum
solution of any problem has most of the time emphasis on minimization.
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Quantum computing is a completely new way of computing that was developed to address these
limitations. Quantum computing is based on principles of quantum mechanics and introduces a
completely different method of representing and processing information. It uses qubits (quantum bits)
over bits.

As compare to classical bit, qubit may exist in several state at a particular time.

Equation 2: Quantum Superposition:

Where:

e |y) = quantum state

e o = probability amplitude of state 0

e [ =probability amplitude of state 1
The above expression indicates the dueling capability of a Qubit for a mixture of both states until a
measurement is done.

Table 2: Fundamental Comparison of Classical and Quantum Computing:

Basis Classical Computing Quantum Computing

Basic Unit Bit Qubit

States Oorl Multiple states

Physics Classical Physics Quantum Mechanics
Processing Sequential Parallel

Output Deterministic Probabilistic

Speed Moderate Very high for specific tasks
Temperature Normal conditions Controlled environments
Applications General computing Complex optimization
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In Table 2, Quantum sciences are sciences that require quantum mechanics to explain the behavior of
a specific material / system. These include quantum information, quantum optics and quantum
chemistry.

Classical computing will remain dominant in business-related fields such as database systems,
software development, business operations and the like. Advanced scientific simulations, artificial
intelligence, financial optimization, cryptography, climate modelling, quantum chemistry and
logistics are all areas scientists see as important for quantum computing.

Despite these quick advances, quantum computing is not yet in a stage to replace classical
infrastructure. Quantum hardware suffers from a multitude of problems such as feed-down and
sensitivity to the environment. It is much more scalable and reliable, considerably cheaper and far
easier to maintain in classical form.

Detailed Comparison

Table 3.1 Main Comparison Table

Parameter Classical Computing Quantum Computing

Qubit (0, 1, or both

Data Unit .
simultaneously)

Bit (0 or 1 only)

Physics Basis

Processing Method

State Representation

Speed

Storage

Energy Consumption [8]

Reliability

https://doi.org/10.70454/JRICST.2026.030305

Classical physics

Sequential (one calculation
at a time)

Single state (0 or 1)

Limited for complex
problems

Binary (0s and 15s)

Higher for large data

Stable (no random errors)

Vol. 03, No. 03, 2026

Quantum mechanics

Parallel (2~ states
simultaneously)

Superposition (0 + 1
simultaneously)

Exponentially fast for specific
problems

Quantum states

Potentially optimized

Error-sensitive (decoherence
problem)
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Parameter

Security

Scalability[8]

Operating Temperature

Determinism

Hardware

Software

Cost

Algorithms

Computational
Complexity

Best Applications

Error Correction

https://doi.org/10.70454/JRICST.2026.030305

Classical Computing

Traditional encryption
(breakable)

Mature (decades developed)

Room temperature (~20—
25°C)

Deterministic (same input —

same output)

CPU, RAM, HDD/SSD,
transistors

Python, C++, Java,
traditional algorithms

Affordable (mass
production)

Classical algorithms
(Sorting, searching)

Polynomial for simple tasks,
exponential for complex

Daily tasks (browsing,
documents, videos, games)

Easy and well-established

Vol. 03, No. 03, 2026

Quantum Computing

Quantum cryptography
(unbreakable) [12]

Developing (50-100 qubits
current)

Extreme cold (-273°C / absolute
zero)

Probabilistic (results based on
probabilities)

Quantum processor, cryogenic
system, control electronics

Qiskit, Cirg, Q#, quantum
algorithms [1]

Extremely expensive (millions
of dollars)

Quantum algorithms (Shor's,
Grover's) [13]

Exponential parallelism reduces
complexity

Complex problems
(cryptography, drug discovery,
Al, optimization) [15]

Difficult and challenging
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Parameter Classical Computing Quantum Computing
Environment . Vacuum + vibration-free +
: Normal room conditions
Requirements extreme cold
Everywhere (phones, Limited (experimental, research

C t Availabilit
urrent Avartabiiity laptops, servers) labs)

Emerging (NISQ era - Noisy

Technology Maturity Mature (stable, proven) Intermediate-Scale Quantum)

Table 3.2 Additional Comparison Points

Table 3.2.1. Hardware Comparison

Aspect Classical Quantum

Processor CPU (Central | Quantum Processor
Processing Unit) (QPU)

Memory RAM (Random | Quantum  Memory
Access Memory) (qubits)
Storage HDD/SSD  (Hard | Quantum State
Disk/Solid State) Storage
Components Transistors, circuits | Qubits,
superconductors,
lasers
Size Compact Large (room-sized

(laptop/phone size) | cryogenic system)

Table 3.2.2. Software Comparison

Aspect Classical Quantum

Languages Python, C++, | Qiskit
Java, (Python),
JavaScript Cirq, Q#[1]

Programming | Deterministic | Probabilistic
Model
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Libraries NumPy, Qiskit,
Pandas, Pennylane,
TensorFlow Cirq[1]
Debugging Easy, standard | Difficult,
tools specialized
tools

Table 3.2.3. Cost Comparison

Aspect Classical Quantum
Hardware $300-$3000 | $10  million—
Cost (laptop/phon | $150 million
€)
Maintenance | Low Extremely high
Cost
Cooling Normal Extreme
Cost (room (cryogenic
temperature) | system)
Accessibilit | Everyone can | Research  labs
y access only
Table 3.2.4. Algorithms Comparison
Aspect Classical Quantum
Algorithm Deterministic | Probabilistic
Type
Examples Sorting, Shor's, Grover's,
searching, QAOA [13]
regression
Complexity | O(n), O(n?), | O(\n), O(log n)
O(log n) for some
problems
Speed Standard Exponential for
Advantage specific
problems

Table 3.2.5. Complexity Comparison
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Problem Classical Quantum
Type Complexity Complexity
Factorization | O(e") - o(nd) -

exponential polynomial
(Shor's) [13]

Search O(n) - linear | O(\n) - square
root (Grover's)

Simulation | O(e") - O(n) -
exponential polynomial

Optimization | O(n?)-O(e”) | O(n)-O(log n)

3.0 Real World Use Case

Classical computing has had the benefit of decades of optimization and is inexpensive and stable.
Almost 100 percent of all things computers do today — whether surfing the web; cloud computing;
mobile apps; gaming; databases; Microsoft Office; email; Netflix — is done via classical computing.
Explaining the real-world difference between classical and quantum computing, and where each
technology performs best, the statement notes three tasks classical systems are best suited for. First,
they are exceptionally adept at routine tasks that require reliable, structured processing [5]. Quantum
computing focuses on solving complicated problems using the quantum principles of superposition,
in which something appears in all possible states at the same time, until you measure it, and of
processing that happens in parallel . As a result, guantum systems are expected to significantly reduce
the computation time required for certain, specialized problems. They’ve already demonstrated
potential in solving a variety of challenges, from quantum chemistry, drug discovery and
cryptography to optimization problems and weather prediction to streamlining logistics, modeling
financial data and enhancing artificial intelligence .

Many organizations have already tested both technologies in real life. Companies providing search
engines, cloud platforms, operating systems and digital services continue to be driven by legacy
infrastructure. Moreover, quantum research is a boon for simulation and optimization. Although it's
still a work in progress, quantum computing is advanced. In addition, the prices are not affordable
due to the fact that they still undergo upgrading. Over the years, many people felt that quantum
computing will dominate classical computing entirely. But the truth is the opposite. A comprehensive
analysis that outlines the differences between quantum and classical computing is provided below.
This will show clearly how both computing can work together.

4.0 Conclusion

A comparison has been made between classical computing and quantum computing and is done so in
terms of basic units, physics, processing, speed, operating conditions and applications of both the
computing types. Classical computers use bits to encode information, quantum computers on the other
hand use qubits. Classical physics is employed by classical computing but quantum computing uses
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quantum mechanics. While quantum computing employs parallel processing, classical computing
utilizes sequential processing. Classical computers are slower yet quantum computers are quicker.
Classical computing Temperature is normal quantum computing temperature is near absolute zero
temperature. If you possess N qubits, you are able to process 2N values in parallel owing to their
superposition, the research says. Consequently, quantum computing operates much faster than classic
computing, which only employs N values. A few applications of quantum computing include
cryptography, drug discovery, Al, optimization, and scientific simulation . Computers are great for
browsing the web, using apps on your mobile, playing games and word processing.

Future Scope

Future computing is likely to collocate hybrid computing whence classical and quantum computers
work over the same system and not replace each other. In the near future, quantum computers will
solve complex problems and classical computers will handle day-to-day [14].

This development is being worked on by companies. Users will be able to access a quantum computer
over the cloud thanks to this without purchasing the hardware themselves.

Quantum technologies are forecast to be used by many different industries for solving optimization
problems, such as financial organizations, pharmaceuticals, logistics, and energy, including
developing better drugs, planning more efficient routes, and optimizing batteries[15].

And as quantum hardware improves in coming years, with higher computational power, lower costs
and more qubits, these technologies should see wider adoption. Future technologies will also include
quantum internet, quantum cryptography and faster training of Al. Most secure computational
systems would be aided by these technologies.

References

[1] Mariia Mykhailova, Quantum Programming in Depth: Solving problems with Q# and Qiskit , Manning,
2025.

[2] Edoardo Charbon, "CMOS Enabling Quantum Computing,” in 75th Anniversary of the Transistor , IEEE,
2023, pp.379-385, doi: 10.1002/9781394202478.ch32.

[3] G. Koppolu, Y. K. Vamshi, S. Bharatula and B. N. K. Reddy, "Enhancing Combinational Circuit Design
through Leveraging the CSWAP Gate in Quantum Computing for Improved Performance and
Accuracy," 2024 |IEEE International Conference on Electronics, Computing and Communication
Technologies (CONECCT), Bangalore, India, 2024, pp. 1-6, doi:
10.1109/CONECCT62155.2024.10677262

[4] Jodo P. Hespanha, Noncooperative Game Theory: An Introduction for Engineers and Computer
Scientists , Princeton University Press, 2017.

[5] D. Cvetkovic, M. Mijatovic, M. Mijatovic and B. Medic, "Web service model for distance learning using
cloud computing technologies," 2017 40th International Convention on Information and Communication
Technology, Electronics and Microelectronics (MIPRO), Opatija, Croatia, 2017, pp. 865-869, doi:
10.23919/MIPR0O.2017.7973543.

https://doi.org/10.70454/JRICST.2026.030305 Vol. 03, No. 03, 2026 Page | 55



https://doi.org/10.70454/JRICST.2026.030305

Received: 2026-04-30

Accepted: 2026.07-10 Journal of Recent Innovations in

Published Online: 2026-07-20 Computer Science and Technology ey
DOI: 10.70454/JRICST.2026.030305  E-ISSN: 3050-7030, P-ISSN: 3050-7022

[6] S.S. Tripathy, N. Koul and H. Patel, "Comparative Study between Quantum and Classical Methods: Few
Observations from Portfolio Optimization Problem," 2022 International Conference on Trends in
Quantum Computing and Emerging Business Technologies (TQCEBT), Pune, India, 2022, pp. 1-5, doi:
10.1109/TQCEBT54229.2022.10041475.

[7] A. Senthil Selvi, S. Narendrakumar, G. V. M. R. Samanvay, C. T. Akshay Vinayak, S. Arun Vembu and
S. Senthil Pandi, "From Classical to Quantum: Evaluating Machine Learning Enhancements," 2024 2nd
International Conference on Advances in Computation, Communication and Information Technology
(ICAICCIT), Faridabad, India, 2024, pp. 778-784, doi: 10.1109/ICAICCIT64383.2024.109123009.

[8] S.Jayaraman, R. Premkumar, H. Raguraman, L. M. M. Visuwasam and G. A. R. A, "A Quantum-Assisted
Framework for Energy-Efficient Cloud Task Scheduling Using the Quantum Approximate Optimization
Algorithm and Variational Quantum Eigensolver,” 2025 International Conference on Computing
Technologies & Data Communication (ICCTDC), HASSAN, India, 2025, pp. 1-6, doi:
10.1109/ICCTDC64446.2025.11158748.

[9] A. Rezaei, "From Chaos to Security: Quantum Image Encryption in the Age of Cyber Threats," 2025 7th
International Conference on Pattern Recognition and Image Analysis (IPRIA), Lahijan, Iran, Islamic
Republic of, 2025, pp. 1-5, doi: 10.1109/IPRIA68579.2025.11263580.

[10] M. Belkhir, H. Benkaouha and E. Benkhelifa, "Quantum Vs Classical Computing: a Comparative
Analysis," 2022 Seventh International Conference on Fog and Mobile Edge Computing (FMEC), Paris,
France, 2022, pp. 1-8, doi: 10.1109/FMEC57183.2022.10062753.

[11] E. Charbon, "Tutorial: Basics of Quantum Computing," 2018 IEEE International Solid-State Circuits
Conference - (ISSCC), San  Francisco, CA, USA, 2018, pp. 1-100, doi:
10.1109/ISSCC19945.2018.11005794.

[12] M. T. Alam Tonoy, M. Baveja, P. Chanda, M. Y. Bin Taleb Abrar, D. Majumder and A. Paul,
"Quantum Unbreakable Blockchain-Enhanced Security & Cryptography," 2025 2nd Global Al Summit -
International Conference on Artificial Intelligence and Emerging Technology (Al Summit), Noida, India,
2025, pp. 539-543, doi: 10.1109/AlISummit66170.2025.11411027.

[13] V. Thamilarasi, P. K. Naik, I. Sharma, V. Porkodi, M. Sivaram and M. Lawanyashri, "Quantum
Computing - Navigating the Frontier with Shor's Algorithm and Quantum Cryptography,” 2024
International Conference on Trends in Quantum Computing and Emerging Business Technologies, Pune,
India, 2024, pp. 1-5, doi: 10.1109/TQCEBT59414.2024.10545283.

[14] P. G. Athira and M. P. Deepika, "Evaluating Classical, Hybrid, and NISQ-Era Quantum Regression
Models for Atmospheric Pollutant Concentration Prediction,” 2026 2nd International Conference on
Advances in Intelligent Computing and Applications (AICAPS), Kochi, India, 2026, pp. 1-7, doi:
10.1109/AICAPS68631.2026.11452990.

[15] S. K. Kandula, N. Katam, P. R. Kangari, A. Hijmal, R. Gurrala and M. Mahmoud, "Quantum
Computing Potentials for Drug Discovery,” 2023 International Conference on Computational Science
and Computational Intelligence (CSCI), Las Vegas, NV, USA, 2023, pp. 1467-1473, doi:
10.1109/CSCI162032.2023.00240.

https://doi.org/10.70454/JRICST.2026.030305 Vol. 03, No. 03, 2026 Page | 56



https://doi.org/10.70454/JRICST.2026.030305

