e-ISSN: 2319-8753 | p-ISSN: 2347-6710

International Journal of Innovative Research in
SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL J[IIIRNAI.
OF INNOVATIVE RESEARBH

IN SCIENCE | ENGINEERING | TECHNOLOGY

Volume 13, Issue 11, November 2024

i ‘;I;%“RE“
.\ SERIAL Impact Factor: 8.524

NUMBER
INDIA

O 9940572 462 (O 6381907 438 % jirset@agmail.com . WWW.ijirset.com



I

'3:\“5; International Journal of Innovative Research of
»] Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.524

lwww.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 11, November 2024
|DOI: 10.15680/IJIRSET.2024.1311111|

A Study on Quantum Computing

Mr V.Arun Karthik, Harshadh Vimalan, Siddhaarth, Jeyaprasad Ravichandran
Assistant Professor, Department of Software Systems, Sri Krishna Arts and Science College, Coimbatore,
Tamil Nadu, India
U.G. Student, Department of Software Systems, Sri Krishna Arts and Science College, Coimbatore, Tamil Nadu, India
U.G. Student, Department of Software Systems, Sri Krishna Arts and Science College, Coimbatore, Tamil Nadu, India
U.G. Student, Department of Software Systems, Sri Krishna Arts and Science College, Coimbatore, Tamil Nadu, India

ABSTRACT: This paper is a comprehensive account of the most recent breakthroughs in quantum computing. With
detailed summaries of the underlying principles of quantum mechanics and quantum information theory, the work
plunges deeply into recent and still pioneeringly ongoing breakthroughs in quantum hardware and algorithms.
Particular emphasis is focused on the fast-shifting landscape of quantum processors, talking about challenges addressed
and innovative designs. The paper continues to look through some of the most famous developments of quantum
software: new quantum algorithms applicable to optimization, cryptography or machine learning. The paper also
studies the current state of quantum error correction and efforts toward decoherence reduction in quantum systems. It
further reviews the most important experiments and demonstrations, indicating recent progress toward practical
quantum supremacy and quantum advantage. It uses such use cases as optimization problems or simulating quantum
chemistry to show what quantum computing can impact in each industry.
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L. INTRODUCTION

Quantum computation appears to be a new approach to computation by using quantum principles governing the
subatomic particle world. Where the classical computer is traditional and works in binary bits: either 0 or 1, quantum
computers apply the phenomenon of superposition into quantum bits, or qubits, which exist at many states at the same
time. Given that quantum computers can exist in many states, they process extremely huge volumes of data in
parallelism that cannot be easily solved within a feasible time by traditional computers. Besides quantum entanglement-
the phenomenon where qubits get interconnected such that one's state influences the other-quantum computers do not
allow further powerful computational capabilities especially in optimization, cryptography, and in simulations.

Applications of quantum computing-from aspects of cryptography and artificial intelligence to drug discovery and
material science-comprise enormous promise for changing broad areas of expertise. While still in their infancy,
containing many significant challenges-in particular, maintaining qubit coherence and minimizing errors-current
quantum computers are already achieving orders-of-magnitude increases in speed relative to the best supercomputers
available today. In that regard, while companies like IBM and Google are striving for much larger quantum systems,
the startups like Rigetti and IonQ are also in the same game. If quantum technology continues to mature, it shall prove
an adjunct tool to classical computing in those domains where the present techniques have failed to make their mark
further to illuminate new possibilities of innovation and problem-solving that seemed impossible hitherto.

II. LITERATURE SURVEY

Quantum computing dates back at least to the 1980s, when physicist Richard Feynman and computer scientist David
Deutsch laid the theoretical foundations. In 1994, Peter Shor showed how to factor large numbers much faster on a
quantum computer than any known algorithm on a classical computer, showing a possible quantum superiority for that
problem. Shortly around the same time, Lov Grover designed an algorithm for quantum search which promised
quadratic speedup. These advances led to genuine interest in practice, for now physical applications of quantum
computing were now being outlined. In 2001, the world's first working quantum computer was constructed by IBM and
Stanford University as a 7-qubit device.
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In the last few years, firms such as IBM, Google, and others had significant breakthroughs. Even though Google's claim
of quantum supremacy in 2019 is controversial, it was, certainly a milestone at least. Quantum computing represents an
ongoing stream of research and development whose ultimate aim would be to finally overcome the technical difficulties
that will unlock its full scope in solving complex problems.

Extremely promising for the revolutionization of many areas, quantum supremacy suffering from technical and
practical obstacles. All the advantages such as exponential speedup and novel applications will overbalance the
disadvantages, but without overcoming these challenges quantum computing cannot be utilized in its full potential.
Thus, continuing research and developments pave the roads for a future in quantum computing.

III. METHODOLOGY

In quantum computing, the inherent principles of quantum allow information to be processed in ways different from
traditional, or classical, computation. Quantum bits, more commonly known as qubits, form the basis of quantum
computing. Because of this phenomenon called superposition, a qubit can exist in more than one state at once. This
allows quantum computers to solve many problems simultaneously, running thousands of calculations all at once and
increasing exponentially the power of calculation for those very specific problems. Another very important concept is
entanglement in which the qubits become linked in a way that the state of one qubit can suddenly influence the state of
another, without regard to distance. This interconnectivity enables the solution of problems much more quickly than
ever possible with a classical computer.

The operations that constitute the process of quantum computing include quantum gate operations, measurement, and
error correction. Quantum gates apply manipulations to qubits using a variety of different transformations, analogous to
classical logic gates but with the added wrinkle of acting on superpositions. Measurement projects the state of the qubit
down to one of the eigenvalues, which then may be interpreted classically for the purpose of providing a result. Due to
the sensitivity of qubit states to decoherence, some form of error correction is necessary to prevent mistakes due to
decoherence in any computer. By the inclusion of these components, quantum computers aim to solve problems in
those areas, such as cryptography, optimization, and drug discovery that cannot be solved by classical methods.

IV.EXPERIMENTAL RESULTS

Quantum Computing is very effective and powerful and can serve many purposes at a same time. The listed
experiments below are new ideas and recently developed experiments that may come into use after complete
development of quantum computers.

Material Science:

Superconducting materials: Develop high temperature and efficient super conductors that would be the next big
revolution in energy transmission and energy efficiency.

Batteries: Design batter-y-technology to prolong life and make it charge quicker.

Novel materials: Discover new materials having specific properties to design a new material that can take on certain
roles or performances.

Finance and Risk Management:

Fraud detection: Financial data can be analyzed at very high speed for identification and fraud prevention

Portfolio optimization: Optimization of investment portfolios to attract maximum returns by reducing risks

High-speed trading: Obtain advanced algorithms for high-speed trading to take even more accurate financial decisions
in the least amount of time

Superconductors: Design high temperature and efficient superconductors to make energy transmission etc., highly

energy efficient
Batteries: Design an optimized battery that lasts long and charges quickly
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V. CONCLUSION

Perhaps, though, the most exciting technology frontiers are quantum computing-by a country mile, set to revolutionize
cryptography, artificial intelligence, drug discovery, climate modelling, and virtually everything else. Classical
computers use binary bits and linear processing. Quantum computation, though, uses the richness of quantum
mechanics: superposition and entanglement for creating parallelism and solving problems exponentially faster.
Quantum computing is still in its infancy; it has the power to make super strong computations which could untangle
even the most complex problems that are very hard to be solved even by the present classical computers.

The greatest advantage of quantum computing is performing an enormous amount of information in parallel. This
means that with classical computers, only one calculation can be done per unit of data whereas qubits or quantum bits
through superposition can exist in many states at the same time. All of which means that quantum computers have the
capability to solve problems which can, on theoretical or practical grounds, be considered to consist of vast datasets or
of any kind of extremely complex calculations. For example, quantum computers ought to be able to simulate the
behavior of molecules in the search for new medicines, optimize logistics and supply chains, or solve the notoriously
difficult mathematical problem of factoring large numbers-on which much contemporary cryptography relies.
Applications like that would put quantum computers into the shadow of the world's most powerful classical
supercomputers.

However, with regard to quantum computation, there is much yet to be overcome in many practical ways. The greatest
challenge is keeping the qubits in these sensitive quantum states for some adequate time to allow for realistic
computations. Quantum systems are extremely sensitive to their environment, and that causes loss of the quantum state
through decoherence. These lead to the major engineering and materials science challenges-those for stable qubits, low
error rates, and scalable architectures for quantum computers. These challenges put quantum computing in a rather
nascent state, and practical, general-purpose quantum computers are probably still years or even decades away.

The other major challenge would be quantum error correction. Qubits are noisy, error-prone, and prone to measurement
or manipulation noise. For an applicable quantum computer, an area of error-correcting codes is being explored where
these errors may be diagnosed and corrected by the use of additional qubits that add complexity and resource usage.
Although error correction has witnessed so many developments lately, the biggest challenge yet to be accomplished is
ensuring reliability on large-scale quantum computations.

Beyond putting much greater barriers before a great deal more fields such as, for example, cybersecurity, quantum
computing is technically speaking. Indeed, once it reaches that level, quantum computers will surely break most
encryption algorithms that have been used to secure digital communications hitherto. For example, algorithms like
Shor's algorithm factor large numbers much more efficiently than classical computers, and hence undermine most
existing cryptographic techniques. This has been coupled with global efforts to design quantum-resistant cryptography
algorithms that will resist attacks from quantum computers. Meanwhile, QKD and other quantum cryptology tools
could provide ultra-secure communication methods based on quantum theory for the secure transfer of information.

All these issues notwithstanding, quantum computing has nonetheless progressed steadily, with several successes
already achieved. It has had top technology companies, research institutions, and start-ups design quantum processor
prototypes, test various quantum algorithms, and drive advanced development of quantum software. The integration of
hybrid systems into classical and quantum computing holds promise for a bright near future. Quantum computers are
applied to specific tasks that require a speedup over the best-known classical algorithms, while classical systems solve
less computationally intensive problems. This hybrid approach is therefore likely to have more practical applications
short-term and will fit in better with an already existing technological infrastructure.

Within the foreseeable future, the realm of applications of quantum computers could be at least as broad as was
originally imagined for general computers. For instance, via simulation of molecular interaction to unprecedented detail,
quantum computers could revolutionize the design of pharmaceutical drugs. Probably the most interesting application
from quantum algorithms is the faster training of machine learning models to support analysis and pattern recognition
on much larger data sets than today. The third potential area of application of quantum computing might be
optimization problems in logistics, finance, or manufacturing involving large numbers of variables. Here, the purpose is
to find a solution that obeys a certain set of constraints, and this computation is expensive. That is, not only will the
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promise of quantum computing be long term in changing how we think about the fundaments of physics - that is,
allowing us to simulate quantum systems and phenomena for which we do not have a clue at present-but progress in the
coming years on quantum hardware, algorithms, and software certainly will make this technology applicable in many
other industries and able to take the innovation factor and provide new opportunities for research and development. It
will be long before large-scale quantum computers come anywhere close to having the broad, useful applications-the
original aim for which they were invented-but the progress made so far is reassuring. Probably of even greater
importance as a stepping stone are hybrid models that use quantum computers to supplement rather than replace
classical machines. Quantum computing will unlock the solutions thought impossible up to now and open up
breakthroughs with far-reaching implications for science, technology, and society in its wake once the technology
matures. And as for what this might lead to down the road, let's just say that we have only scratched the surface of what
this new age brings.
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