ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 8, Issue 11, November 2025




©2025 IJMRSET | Volume 8, Issue 11, November 2025| DOI:10.15680/IJMRSET.2025.0811026

IENEPELYEPARE | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

- Ew,

< =% . e pe s me .
SO International Journal of Multidisciplinary Research in
aOED I -

) 12 L. . . i .

:LW« Science, Engineering and Technology (IJMRSET)

IIMBSE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Quantum Computing: Research
Progressand Challenges

Shivam Sharma', Riya Singh’, Yash Gupta’, Aditya Bhaskar pathak’, Bittu kumar’, Anish Meena®
Nand Kishor Sharma’
Department of Agriculture, Vivekanand Global University, Jaipur, Rajasthan, India’-

Supervisor, Department of Agriculture, Vivekanand Global University, Jaipur, Rajasthan, India’

ABSTRACT: Quantum information processing systems capitalize on the principle of quantum mechanics to achieve
an alternative level of data storage and processing. In classical systems when a bit can embody either a zero or a one,
there are notions of quantum bits or rather qubits which can embody both a superposition of states and several values at
a single instance. Quantum computers are thus equipped with abilities to carry out very complex calculations owing to
the presence of phenomena such as quantum interference and entanglement depicted at a speed which was
unimaginable before, Problems that are much more complex than any ‘classical’ ones, such as Shor's algorithm for
integer factorization and Grover's algorithm for search problems, quantum supplanting achieves. Inventions of such
developments imply the spheres of their employment in a number of areas gun carried from optimization problems to
drug reception and materials engineering as well as coding and decoding of information in quantum communication. A
great deal of effort has to come up with and imposed new concepts in order for the quantum computer to achieve its
prospects. Among them critical pressures are quantum error correction, error rates and qubit coherence remain. Current
developments are mainly aimed at the realization of high topology and moreover practical applications of quantum
architecture which will enable the deployment of what clearly is the game changing ability of quantum computers in
the foreseeable future. 22 Developments within quantum computing will however require a collaborative effort
between physicists, computer scientists as well as engineers working within and outside the disciplinary confines.
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I. INTRODUCTION

The rapidly developing discipline of quantum computing, which blends computational theory with concepts from
quantum physics, has the potential to drastically change how people handle and comprehend data. Quantum bits, or
qubits, differ from classical computers in that they can exist in several states at once due to a phenomena called
superposition. Bits that may represent a 0 or a 1 are used in classical computers. This enables several calculations to be
performed simultaneously by quantum computers. Qubits can 3 also entangle, which implies that one qubit's state can
depend on another qubit's state. This makes it possible for complex interactions that significantly boost processing
power. 3 12 combine computational theory with quantum physics to radically change the way we handle and
comprehend data. The fundamental components of quantum computing are known as quantum bits, or qubits. Quantum
bits, in contrast to classical computers, are capable of being in several states concurrently because of a phenomena
called superposition. In classical computers, bits are utilized to represent either a 0 or a 1. This makes it possible for
quantum computers to do several computations at once. Qubits can also entangle, meaning that the state of one qubit
can rely on the state of another. This greatly increases processing.

The basic objective of quantum computing is to use the concepts of quantum physics to do calculations that are not
feasible for conventional computers. This entails achieving exponential speedups for specific algorithms, such as
factoring large numbers and doing unsorted database searches. Solving exceedingly computationally demanding
problems in material science, drug development, and optimization is the aim of quantum computing. Additionally, it
seeks to enhance cryptographic methods by the application of tactics like quantum key distribution, providing security
grounded on quantum physics. By accurately simulating quantum processes, quantum computing has the potential to
advance research and spark novel insights in fields such as physics and chemistry. To provide consistent processing
even when faced with inherent quantum noise
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II. LITERATURE REVIEW

Quantum computing is one of the new areas of computing that uses quantum physics in order to manipulate
information in ways that deviate from classical computing. Quantum computers use qubits, which are capable of being
entangled and in superposition, which are a reason behind concurrent operations which do enhance performance in
some areas by order of magnitude. Two of the most well known algorithms demonstrating the power of quantum
computing are that for Shor’s factorization of a huge integer and Grover’s search of an unstructured 2 1 1 database.
Such approaches undermine existing cryptographic methods and improve searching capabilities instead. There is
multiple active research on different hardware, such as superconducting qubits these days trapped ions, which all are
promising but suffer from coherence and scalability issues. Among a long list of such challenges, the development of
quantum error correction and the error rates that characterizes the existing systems presents great difficulties to Page 6
of 13 - Integrity Submission.

A well-conducted literature review is essential for developing a robust research proposal or dissertation. It ensures that
the new study contributes to the academic conversation and advances understanding in the field. Furthermore, it helps
researchers avoid duplication of effort and provides a solid foundation for developing hypotheses and research
questions.

In the field of quantum applications, papers attempt to improve the process of creating quantum circuits. These articles
cover every step of constructing the ansatz itself, and we especially point to one that can allow NISQ devices, or
devices that use current technology, to achieve remarkable results by harnessing a finite amount of quantum resources.
Additionally, the essay that challenges the no-cloning rule with quantum tomography is relevant.

Besides, the authors have developed an additional platform called Qsun in which a quantum register is written as a
wavefunction, quantum gates are controlled by the degree of wavefunction amplitude, and measurement outcomes are 1
111111 determined by the probabilities of the wavefunction. Such platform also contains QML approaches like
quantum linear regression or quantum neural networks. As for physical installations, a number of them are quantum
simulators available in all kinds of platforms which allow the experiments to be performed under normal circumstances
in comparison to real quantum devices including being able to mimic the noise made by these devices. Therefore, the
potential for algorithms and software development is not restricted by current hardware limitations. Also, most of the
systems provide conversion and also provide auxiliary functions. When it comes to present technologies, you can
observe devices constructed using superconductors (IBM or Righetti) as well as devices using trapped ion technologies
(Ton Q). A universal structure for quantum devices does not exist. Also, devices are engineered using quantum dots,
NV centers (diamonds), neutral atoms, photons and topological cubits. Absence of Escalate Sales, every organization
determines a number of technologies or only one as each one is turned to actual usage. Each of them has pluses and
minuses; and the existing literature does not seem to have bias towards a more preferred one than the rest. Large
corporations now offer restricted cloud computing access to common users for quantum devices. However, because of
their vastness, implementation complexity, and ongoing development, everyday access to them is still not feasible.

Studies suggest that some businesses may benefit most from quantum computing in the near future, based on the use
cases discussed in the preceding section. Even with a modest estimate, the aggregate potential value of these industries
might approach billions of dollars. With the introduction of quantum computing, the study and development of
molecular structures in the biopharmaceuticals business may see a radical change. The application of quantum
technology might improve the efficiency of drug development and reduce the need for trial and error. Chemicals: New
catalysts may enable the breakdown of carbon for CO2 consumption or the replacement of petrochemicals with more
sustainable feedstock. Catalyst design might be improved with the use of quantum computing, potentially saving
money on existing production methods. Studies suggest that some businesses may benefit most from quantum
computing in the near future, based on the use cases discussed in the preceding section. Even with a modest estimate,
the aggregate potential value of these industries might approach billions of dollars. With the introduction of quantum
computing, the study and development of molecular structures in the biopharmaceuticals business may see a radical
change. The application of quantum technology might improve the efficiency of drug development and reduce the need
for trial and error. Chemicals: New catalysts may enable the breakdown of carbon for CO2 consumption or the
replacement of petrochemicals with more sustainable feedstock. Catalyst design might be improved with the use of
quantum computing, potentially saving money on existing production methods.
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III. DESIGN FLOW\PROCESS

So, quantum computing is pretty much about tapping into the weird and wonderful world of quantum mechanics to
tackle some really tough problems way faster than your usual computers can. Two big concepts to get your head around
are superposition, which allows qubits to be in multiple states at the same time, and entanglement, where qubits are
connected in such a way that if you change one, it instantly affects the other. This tech has amazing potential in areas
like cryptography, drug discovery, optimization, and Al because it can crunch numbers at speeds we've never seen
before. However, difficulties such as qubit stability and error correction must be addressed. Ongoing research is
focused on overcoming these barriers, with the goal of unlocking quantum computing's full capabilities and
revolutionizing numerous industries.

1. Identification of the Issue: Identify the Problem: Describe the specific problem or application area (such as
optimization, cryptography, or simulation). Discover the Advantage of Quantum Assess if there are any significant
benefits that a quantum approach can offer over classical methods.

2. The creation of algorithms 10 Identify Specific Quantum Algorithms: Choose or design suitable quantum algorithms
(e.g., Grover's search algorithm or Shor's factoring algorithm) for the given task. Hybrid algorithms include: Consider
using hybrid techniques that combine quantum and classical processes for better performance.

3. Modeling and Simulation: Quantum Circuit Design: Use quantum gates to represent the algorithm in a model of a
quantum circuit. Simulation: Use conventional simulation tools to confirm and evaluate the performance of the
quantum algorithm on small-scale tasks.

4. Qubit Selection: Choose Qubit Technology: Choose a qubit type according to the targeted needs and application
limits (for example, superconducting qubits, trapped ions, topological qubits). Define a Qubit Architecture: Construct
and integrate the qubits to prepare for the execution of the algorithm.

IV. METHODOLOGY

Quantum computing is revolutionizing our understanding of information processing by leveraging quantum physics
concepts. Since qubits can be in a superposition of states, they can tackle multiple calculations at once. That’s way
different from classical bits, which only handle a 0 or a 1. This unique trait gives quantum computers an amazing
processing power, especially when you throw in quantum entanglement. That’s when qubits get linked together, so the
state of one can instantly impact the state of another. Quantum gates, which control qubits and make use of quantum
interference to efficiently arrive at the right answer, coordinate the computation process in a quantum computer.

So, quantum algorithms are pretty cool because they’re built to use those quirky quantum characteristics, and they
really shine compared to the classic algorithms in some awesome ways. Take Shor's algorithm, for example—it’s a
total game changer for today’s encryption since it can factor huge numbers a lot faster than our best classical methods.
Then there’s Grover's algorithm, which really shows off how revolutionary quantum computing can be for all sorts of
applications by speeding up unstructured search problems by double the pace.

The creation of useful quantum computers still confronts a number of obstacles in spite of these developments. One
major obstacle is still decoherence, which occurs when external interference causes quantum states to lose their
quantum characteristics. Quantum error correction techniques are crucial for maintaining the integrity of quantum
information over time. In order to make quantum computing practical for broad application, researchers are actively
working on creating more stable qubits and enhancing error correcting techniques.

Quantum computing has many different and extensive potential uses. New quantum-resistant algorithms must be
developed since popular encryption techniques could be cracked by quantum computers. Quantum algorithms may be
able to solve complicated operational and logistical issues in supply chain management and transportation, among other
optimization difficulties.

Quantum simulations are a game changer when it comes to speeding up the process of creating new medications. They
can model how molecules interact with a level of precision we've never had before. On top of that, quantum computing
could take machine learning in Al to the next level, making data analysis faster and more accurate. It's like we're on the
verge of a whole new era in computing, one that could tackle problems regular computers just can't handle. Sure, there
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are some big obstacles to jump over, but the ongoing research and development in this field could release amazing new
capabilities that will really shake things up for technology and society.

Quantum computing is super exciting because it could really shake things up in healthcare in a bunch of ways!

1. Genomics Analysis: Quantum computers can analyse genetic data quicker than traditional computers, identifying
disease signs and providing individualized treatment regimens based on individual genetic makeup.

2. Quantum-Safe Encryption: With the increasing amount of sensitive medical data being stored and transmitted,
quantum computing can help develop quantum-resistant encryption methods to ensure data security and privacy.

3. Predictive Health: By analysing large datasets, quantum computing can help predict disease outbreaks and patient
outcomes, enabling proactive healthcare interventions and better resource allocation.

4. Drug Discovery and Development: With quantum computing, we can speed up how we discover new drugs by
simulating how molecules interact way faster than ever before. This means we could end up with better treatments that
are customized just for you.

5. Disease Modeling: Quantum computing can really dive into complex biological systems and how diseases work,
giving us valuable insights into their mechanisms and helping us come up with new treatment options.

6. Medical Imaging: With quantum algorithms, we can boost the clarity and accuracy of medical imaging techniques
like MRI and CT scans. This means better diagnoses and smarter treatment plans.

These applications demonstrate the potential of quantum computing to transform healthcare by making it more
efficient, accurate, and personalized. As research and development in this field continue, we can expect to see even
more innovative solutions to healthcare challenges.

Marketing quantum computing entails explaining its transformative potential and practical applications in order to
create interest and investment. It starts with developing educational content that explains complex topics, using pictures
and movies to make technology more accessible to a wider audience. Showcasing case studies and success stories in
which quantum computing has been successfully implemented in fields such as drug development, financial modelling,
and optimization challenges helps to demonstrate its benefits and real-world effects. Partnerships with business leaders,
academic institutes, and technology companies increase credibility and illustrate the practical applicability of quantum
computing.

Live demonstrations, workshops, and webinars provide hands-on experiences, whereas social media and an online
presence engage and educate a worldwide audience. Targeted advertising efforts target certain audiences, such as tech
enthusiasts and industry professionals, and highlight quantum computing's distinct benefits over traditional computing.
Establishing thought leadership through articles in credible journals and platforms, as well as customer testimonials,
fosters trust and establishes the firm as a leader in its industry. These strategies work together to showcase quantum
computing as a game changing technological advancement capable of solving difficult issues and driving innovation
across a wide range of businesses.

Marketing quantum computing requires properly articulating its transformative potential and practical uses. This can be
accomplished by developing educational content that clarifies complex topics, displaying real-world case studies, and
collaborating with industry experts. Live demonstrations, workshops, and compelling web content serve to demonstrate
the advantages of quantum computing. Targeted advertising and thought leadership in recognized periodicals can help
develop credibility, while customer testimonials foster confidence. These strategies collectively highlight quantum
computing's groundbreaking capabilities and its potential to drive innovation across various industries.

V. CONCLUSION

To wrap it all up, quantum computing is a revolutionary in tech. It has the kind of potential to tackle some pretty
complex problems that our traditional computers just can't handle right now. The whole process of quantum computing,
from figuring out the problem and coming up with algorithms to picking the right qubit tech and handling errors, is
pretty logical. Every step is essential to develop quantum solutions that take advantage of cool qubit features like
superposition and entanglement. As we keep digging into this field, working together across different disciplines will
be key to smashing through the challenges we face and releasing everything this tech can offer. The revolutionary
potential here could shake up a bunch of industries, beef up security, push scientific advancements, and really shape the
future of computing and info processing.
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