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Abstract:

Quantum computing is a field that combines computer science, physics, defense, finance, chemistry,
drug discovery, cryptography, and mathematics to use the principles of quantum mechanics to solve
complex problems more quickly than traditional computers can. This field covers both the development
of quantum hardware and software applications. Quantum computers can tackle certain problems
much faster than regular computers because they use quantum effects like superposition and quantum
interference. These effects allow them to process many possibilities at once.

Some areas where quantum computers could offer significant speed improvements include machine
learning, optimization tasks, and simulating physical systems. In the future, they may be used in areas
like optimizing financial portfolios or simulating chemical reactions, solving problems that even the
most advanced supercomputers struggle with today. This paper explores the potential impact of
guantum computing on databases, highlighting its advantages in terms of speed, security, and problem-
solving capabilities.
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1. Introduction:

Quantum computing is a new way of doing calculations that uses the principles of quantum mechanics. It can
solve very difficult problems much faster than regular computers. Quantum technology has the potential to
greatly improve worldwide progress, even before quantum machines are fully developed. Quantum
technology for communication, computation, and sensors can revolutionize many industries, and many
countries are investing in this promising field. This includes research investments from both government and
private companies. This article discusses recent progress in quantum computing and the possible opportunities
that quantum technology will bring in the next few decades. We present a vision and scientific innovation for
embracing the quantum age and exploring the pioneering applications of quantum computing. We also
highlight software tools and platforms for quantum programming to unlock the power of computing and
revolutionize the world. Finally, we discuss the groundbreaking impacts of quantum computing on next-
generation research and the benefits of unleashing its revolutionary capabilities.

Quantum computing leverages the principles of quantum mechanics and is poised to disrupt various
industries. One area with immense potential for transformation is database management. Traditional
databases, while powerful, face limitations in handling complex data structures and performing
computationally intensive tasks. Quantum computing offers the promise of exponentially faster processing
capabilities, enabling databases to tackle previously intractable problems. This paper explores the potential
impact of quantum computing on databases, examining how quantum algorithms can enhance tasks such as
search, optimization, and machine learning. We will also discuss the challenges and opportunities associated

IJIRMPS2103231462 Website: www.ijirmps.org Email: editor@ijirmps.org 1



https://www.ijirmps.org/

Volume 9 Issue 3 @ May-June 2021 IJIRMPS | ISSN: 2349-7300

with the integration of quantum computing into database systems.

2. Research Mechanics:

Quantum bits, or qubits, are made up of quantum particles. Quantum computers use these qubits to do
calculations. Qubits are like bits in traditional computers. In a traditional computer, the processor does all its
work by changing bits. In a quantum computer, the quantum processor does all its work by changing qubits.
Quantum computers are different from traditional computers in a few key ways. Traditional computers use
bits, which are like on/off switches. They can only be 0 or 1. Quantum computers use qubits, which can be
any number between 0 and 1.

Another key difference is that qubits can be in multiple states at once, a property called superposition. This
means that a qubit can be both 0 and 1 at the same time. Quantum computers can also use entanglement,
where two qubits can be connected in a way that the state of one qubit affects the state of the other, no matter
how far apart they are.

These differences make quantum computers potentially much more powerful than traditional computers,
especially for certain types of problems. However, there are also challenges in building quantum computers.
One of the biggest challenges is decoherence, which is when qubits lose their quantum properties and become
like regular bits. This is why building large-scale quantum computers is difficult.

Quantum computers work using a special set of rules called quantum principles. To fully understand these
rules, we need to learn some new words, like superposition, entanglement, and decoherence.

Simultaneous existence: Superposition is a quantum principle that says that quantum states can be added
together like waves. This means that a quantum state can be represented as a combination of other quantum
states. This superposition of qubits gives quantum computers the ability to do many calculations at the same
time.

Quantum connection: Quantum entanglement happens when two things are connected so closely that
knowing about one tells you about the other, even if they are far apart. Quantum processors can learn about
one particle by measuring another. For example, they can know that if one qubit is spinning up, the other will
always be spinning down, and the other way around. Quantum entanglement helps quantum computers solve
hard problems faster.

When a quantum state is measured, it becomes a zero or a one. In this state, the qubit is like a regular bit.
Entanglement is the ability of qubits to be connected to other qubits.

Quantum noise: Decoherence is when a qubit loses its quantum state. Things in the environment, like
radiation, can make the quantum state of qubits collapse. Building a quantum computer is hard because
engineers have to design special things to stop decoherence, like building special structures that protect the
qubits from outside forces.
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Diagram: Classic bit vs Qubit

3. Algorithms and Literature Review:
There are two problems with quantum computers: figuring out how to program them and figuring out how to
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build them. Programming a quantum computer is hard because of the laws of measurement in quantum
mechanics. When we measure a quantum system, we don't get all possible results, but only one. This makes
it hard to design algorithms that use the power of a quantum computer. They are also hard to write because
they are more complex and less intuitive than algorithms for a traditional computer.

The first algorithm for a quantum computer was shown by Peter Shor in 1994. This algorithm could be used
to find the factors of a number. This algorithm uses the fact that quantum computers are good at finding the
period of a periodic function. This is related to the problem of factoring a number. Compared to traditional
computers, a quantum computer could factor a 400-digit number in about a year, while a traditional computer
would take the lifetime of the universe. This is bad news for current encryption schemes, but quantum
information science also provides new encryption schemes to solve this problem.

Since Shor's algorithm, many new algorithms have been developed. These algorithms are faster than
traditional algorithms for different problems, including search problems, simulated annealing, and quantum
Monte Carlo algorithms. However, developing such algorithms is still a growing field.

Shor’s Algorithm: Steps

Step 1: use the classical greatest common divisor (gcd) on N and
m

N is the number you are trying to factor
m is a random positive integer less than N

Step 2: find the period P of:
m mod N, m"2 mod N, m"3 mod N

Step 3: if the period P is odd, go to Step 1
Step 4: m¥/2 4+ 1 # 0mod N
Step 5: ged (mP/2 —1,N)

Diagram: Shor’s Algorithm

4. Challenges and Improvements:

The challenges to building a quantum computer are enormous and can be separated into physics and
engineering challenges. The physics challenges are mainly- the coherence time of the output bit in
the superposition state and qubits in the entangled state and defining ways to increase the exactness of the
qubit and to compensate for the errors that occur during the quantum operations. The engineering challenge
can be summarized by the word ‘scalability’. Several articles emphasize that due to the above-mentioned
physical challenges, we will need a very large number of qubits to perform any meaningful quantum operation.
For instance, to apply the famous factorization algorithm developed by Shor, it is expected that for the
factorization of a 2000-bit number in sufficiently less time we require around 5 billion physical qubits. But
we know that on today’s date, we can create and control a maximum of 10 physical qubits, it immediately
becomes clear that several breakthroughs are needed to achieve the goal of building a quantum computer. This
is further illustrated by the speed at which qubit technology needs to evolve to reach the goal of billions of
qubits 30 years from now. A quantum computer looks like this, taking n input qubits, the register V, and
producing n output qubits, the register W: © 2016, IRJET | Impact Factor value: 4.45 | The engineering
challenges are thus focused on the scalability by preservation of exponential computing power of qubits which
means qubits are needed to be corrected and controlled. Sometimes we need to manipulate the qubit. The
quantum state of the qubit is very fragile because a qubit is entangled. Any small interaction with the
environment causes a superposition state to decohere leading to phase shift error. In addition, the superposition
state gets destroyed while measuring the quantum state. This destructive reading as well as the duration and
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breaking of the superposition state i.e. decoherence time are the vulnerabilities of quantum computing. This
qubit behavior disturbs the correct operation which is a main challenge for any quantum computer.

5. Case Studies Quantum Computing for Database Management:

Quantum computing can revolutionize industries. We give some examples of use cases below as per AWS:
ML

Machine learning (ML) is the process of analyzing vast quantities of data to help computers make better
predictions and decisions. Research in quantum computing studies the physical limits of information
processing and is breaking new ground in fundamental physics. This research has led to advances in many
fields of science and industry, such as chemistry, optimization, and molecular simulation. It is also a growing
area of interest for financial services to predict market movements and for manufacturing to improve
operations.

Optimization

Quantum computing can improve research and development, supply-chain optimization, and production. For
example, you could apply quantum computing to decrease manufacturing process—related costs and shorten
cycle times by optimizing elements such as path planning in complex processes. Another application is the
quantum optimization of loan portfolios so that lenders can free up capital, lower interest rates, and improve
their offerings.

Simulation

The computational effort required to simulate systems accurately scales exponentially with the complexity of
drug molecules and materials. Even using approximation methods, current supercomputers cannot achieve
the level of accuracy that these simulations demand. Quantum computation has the potential to solve some of
the most challenging computational problems faced in chemistry, allowing the scientific community to do
chemical simulations that are intractable today. For example, Pasqal built their QUBEC computational
software to run chemistry simulations. QUBEC automates the heavy lifting necessary to run quantum
computational tasks from automatic provisioning of the computing infrastructure to running pre- and post-
processing classical calculations and performing error mitigation tasks.

Amazon Braket Build Test Run Analyze
Get started with Build your quantum Test your algorithms on a Run your algorithms on your Analyze results after your
Quantum computing algorithms on managed local simdator or a choice of choice of different quantum algorithm has completed
Jupyter notebooks or in your fulty managed, compute omb C
own development high-performance simulators and ¢
environment resources for hybrid algorithms

Although large quantum computers are still being developed and only smaller quantum processing units are
available, researchers and businesses are exploring many possible uses for quantum technology.

Data Security: Quantum technologies are much more advanced than traditional computers. These machines
are very popular now because they can break encryption methods. There are still ways to develop quantum-
resistant cryptography techniques to keep data safe in the age of quantum technology, even though some of
these technologies are already being used. Quantum technology can provide very strong encryption, which
could greatly improve data security. For example, quantum key distribution.
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Al Enhancement: Quantum computing can improve Al processing by using features of qubits like
superposition and entanglement. Working together, quantum computing and Al could make possible advances
in fields like encryption, finance modeling, materials research, and health by taking on difficult tasks that
traditional machines can't handle. Research on quantum technology and Al integration is still new, but we
expect that collaborations between quantum computing and connectivity companies will speed up this
development. Quantum technology's better ability to find data correlations could improve Al. Researchers
hope that quantum technology will affect Al by allowing machines to analyze and process huge amounts of
data much faster than computers.

Transportation: Quantum computing and other new technologies could change many industries, including
transportation. Even though electric cars are becoming more popular, transporting products is still expensive
and produces a lot of carbon emissions. For example, developing better, lighter, and less harmful batteries
could completely change how we produce and use transportation power. Quantum technology could create an
environmentally friendly, connected transportation system. To make this happen, data needs to flow smoothly.
Even though traffic modeling is complex, Volkswagen experts are using and testing quantum algorithms to
manage traffic congestion in city centers in China, Spain, and Portugal.

Prediction Accuracy: Modern advanced predictions need to be improved for things like flood forecasts,
urban modeling, subterranean flow modeling, and other complex tasks. If commercialized quantum
technologies become possible, future global computers could work with much better time and location
resolution. It is important to study numerical climate predictions made by quantum technology. Quantum
technology can improve quantitative climate prediction, as traditional computers have limitations that make
it hard to make accurate predictions. This can improve efficiency in complex modeling operations. The Met
Office of the UK believes quantum machines could enable much more advanced modeling than current
methods for future prediction.

Designing Cutting-Edge Medicines: Quantum computers will speed up drug research, changing it. Scientists
are using quantum algorithms to model chemical structures, predict drug interactions, and improve drug
designs. ProteinQure, a biotech company, is exploring using quantum computers for protein modeling in drug
development. Quantum technology could lead to better treatments for cancer and cardiovascular disease, two
of the major causes of death worldwide.
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Diagram: Software Tools and Platforms for Quantum Programming

6. The Long Game for Database Management:

There is an insignificant compared to projected technological improvements, such as quantum-scale problem
solutions. Quantum computing is on the rise for the following reasons:

Complex Problems: Recent technology has created some problems for modern computers. While traditional
computers can do many things at once, they take a long time to solve complex problems like chemical
structures, supply chains, financial modeling, and risk assessment. Quantum computing qubits and quantum
Al might be able to solve these problems quickly.

Business cases: Cloud-based quantum computing services are making it easier for startups to experiment with
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quantum algorithms without needing their quantum hardware. This is a big deal because it allows many
different startups to explore quantum applications in their industries. Quantum research could greatly improve
high-tech industries like agriculture, telecommunications, and smart transportation.

Difficulties: Traditional computing is limited in capacity to solve the complex and nonlinear problems
However, quantum technology allows precise and efficient non-linear operations. It can help understand and
make easy challenging problems such as climate modeling, transportation optimization, and other mission-
critical challenges.

7. Conclusion:

Quantum computation promises the ability to compute solutions to problems that, for all practical purposes,
are insoluble by classical computers. However, the quantum promise is still a long way from achieving
practical realization. Some properties of quantum mechanics that enable quantum computers' superior
performance also make the design of quantum algorithms and the construction of functional hardware
extremely difficult. We need to imply some solutions to improve the quality of qubit technology by increasing
the coherence time of qubits and the speed of quantum operations. We also need to correct the state of the
qubit for quantum error correction.
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