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ABSTRACT

Quantum computing and artificial intelligence are two advanced and emerging

Article info: areas of science and technology, each of which has the potential to bring about
Submitted: 2025-02-06 massive changes in various industries. Combining these two technologies could
Revised: 2025-02-21 lead to significant innovations. Quantum computing uses the principles of
Accepted: 2025-03-12 quantum physics to perform computational operations, which helps to achieve
ID: JEIRES-2502-1159 faster solutions to complex problems. Artificial intelligence uses its algorithms

to build and improve intelligent systems capable of designing, thinking, and
making decisions. Combining these two technologies will lead to greater power
in solving complex problems and improving the efficiency of artificial
intelligence systems. Although quantum computing has great potential, it is still
in the early stages of development and faces many technical challenges. These
include the stability of qubits, quantum errors, and the need for extremely cold
environments for quantum systems to operate. As research in both fields’
advances, the interaction of quantum computing and artificial intelligence is
expected to lead to significant results and create a huge transformation in
various industries, including medicine, finance, logistics, and information
technology. In quantum artificial intelligence, quantum computing power is
used to optimize this problem. For example, a quantum algorithm known as a
“quantum search algorithm” can process the search space in parallel and quickly
converge to an optimal solution. Suppose we have a quantum network that can
put qubits into different states at the same time. This property allows us to
explore all possible paths in parallel. Then, using quantum algorithms such as
Grover’s Algorithm, we can reach the optimal path faster than classical
algorithms.
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Introduction

uantum computing is one of the
advanced and modern areas of
computer science that is developed
based on the laws of quantum physics.
This type of computing uses concepts
such as "superposition” and "entanglement" [1].
Unlike classical computers that work on binary
bits (0 and 1), in quantum computing, the
processing unit is called a "qubit". Qubits can be
in different states of 0 and 1 simultaneously,
which increases the processing power and
storage of information exponentially [2].
Quantum computing has the potential to
overcome some of the major limitations of
classical computing. These limitations include
complex and large problems such as
optimization, molecular simulation and solving
mathematical problems. Quantum computers
are able to solve problems that classical
computers may need thousands of years to
solve. The question here is what impact can the
use of quantum computing have in artificial
intelligence and areas such as expert systems?

The impact of quantum computing on artificial
intelligence

Artificial intelligence (AI) is one of the
fascinating and innovative phenomena of the
21st century, which has been used in various
fields, from voice and image recognition to
automated and robotic systems, but in many
cases [3], Al and machine learning algorithms
require very high computing power. This is
where quantum computing can play a vital role.
One of the influential areas of quantum
computing in artificial intelligence s
accelerating the process of training neural
networks and machine learning algorithms [4].
Training these networks currently requires
huge computing resources. The use of quantum
computers can greatly reduce training time and
provide scientists and Al researchers with the
ability to solve more complex problems in
various fields, such as medical diagnosis
systems. Quantum computing can also help Al
algorithms optimize and make better decisions.
Many Al models require solving optimization
problems that involve searching for optimal
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solutions among a set of states. Quantum
algorithms such as Grover's algorithm can
significantly speed up the state search [5].

Advantages of combining quantum and artificial
intelligence

Combining quantum computing and artificial
intelligence has several advantages that could
drastically change the future of computing and
technology. Some of the most important
advantages of this combination are:

Increased computing speed

One of the biggest advantages of quantum
computers is their ability to solve complex
problems in a shorter time than classical
computers. In the field of artificial intelligence,
this means faster and more efficient training of
complex models [6].

Increased accuracy and optimization

Quantum algorithms have the ability to find
more optimal solutions to complex problems.
This is especially critical in fields such as big
data analysis, route optimization, and solving
decision-making problems. Using quantum
computing, more accurate and effective results
can be obtained from artificial intelligence [7].

Increased simulation capability

Quantum computing is very effective for
simulating complex systems such as biological,
physical, and chemical models. In combination
with artificial intelligence, this capability allows
scientists to create more accurate models of the
real world and make better predictions [8].

Solving impossible problems

Some problems, such as simulating complex
molecules or optimizing large systems, cannot
be solved in terms of time and resources with
classical computing, but using quantum
computing, solving these problems becomes
possible and artificial intelligence can perform
better in this field [9].
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Figure 1: The future of combining quantum and artificial intelligence.

The future of combining quantum and artificial
intelligence

The future of combining quantum computing
and artificial intelligence promises great
changes in many industries and fields (Figure
1). Predictions show that in the coming
decades, the combination of these two
technologies can cause huge changes in various
fields [10].

Advances in medicine and biology

One of the fields that will benefit from the
combination of quantum and artificial
intelligence is medicine. Quantum computers
can perform complex simulations of molecules
and biological processes, and artificial
intelligence can analyze this data to suggest
more accurate treatments for complex diseases
such as cancer [11].

Economic and financial developments

In the financial sector, quantum computing
can help optimize economic models and predict
market fluctuations. By combining this
information, artificial intelligence can make
smarter financial decisions and help companies
reduce risks and increase profitability [12].

Big data analysis

Big data is one of the great challenges of
today's world. By combining the processing
power of quantum computing and artificial
intelligence algorithms, this data can be
analyzed and processed more quickly and
accurately. This will help companies and
organizations to use data more effectively [13].

Robotics and automated systems

Combining Al and quantum computing can
make great advances in robotics and automated
systems. Future robots can make better
decisions and operate more efficiently using
quantum Al, which will be transformative in the
manufacturing and service industries [14].

Difference between quantum computers and
supercomputers (a comparison of two computing
powers)

Quantum computers and supercomputers are
two types of computing powers that are used to
solve complex problems. However, these two
technologies are very different [15].
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Quantum computers

Quantum computers use the laws of quantum
mechanics to perform calculations.

These computers use qubits instead of
classical bits. These qubits can be in multiple
states, which allows very complex calculations
to be performed simultaneously.

Supercomputers

Supercomputers, which usually use classical
bits, are used to solve very complex and time-
consuming problems due to their high
computational power. These computers can
perform millions or even billions of calculations
per second, but they cannot reach the
computational power of quantum computers
[16-18].

Main differences
Structurally

Quantum computers and supercomputers are
very different. While supercomputers are built
using current silicon technology, quantum
computers require special environments, such
as very low temperatures, to operate.

In terms of computational power

Quantum computers are capable of
performing calculations that are impossible for
supercomputers. This is due to quantum
properties such as entanglement and
interference that enable qubits to perform
simultaneous calculations. Although quantum
computers and supercomputers are both
powerful, these two technologies are very
different. Quantum computers are able to
perform calculations that are impossible for
supercomputers, while supercomputers are
used to solve complex problems with their high
computational power [17].

Why is quantum computing important?
With the ability to perform simultaneous

calculations, quantum computers can solve
complex problems in a very short time. This
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feature makes them very useful for applications
such as decoding, molecular modeling, and
complex optimization problems [19,20].

Quantum mechanics (a look at the heart of
modern physics)

Quantum mechanics is a constructive
foundation for modern  physics and
technologies such as quantum computers. This
field of science offers a new and unusual
perspective on the natural world that can seem
confusing and confusing to people who are first
introduced to it. Quantum mechanics is a theory
that describes the laws governing small
particles such as electrons and photons. In
quantum mechanics, particles can be in
different states at the same time and their
states can change instantaneously. Quantum
mechanics is the basis for modern technologies
such as quantum computers, MRI scanners and
lasers. It can also give us a better understanding
of the natural world and how small particles
work [21].

Challenges of quantum mechanics

Despite the power and importance of quantum
mechanics, there are many challenges in
understanding and interpreting it. These
challenges include issues such as the Cologne
interpretation, the uncertainty principle and
the measurement problem in quantum
mechanics. Quantum mechanics is one of the
most important branches of modern physics,
having a profound impact on modern
technologies. By better understanding this
theory, we can have a better understanding of
the world we live in and create new and
powerful technologies (Figure 2) [22,23].

Qubit, the heart of quantum computing

Qubit or quantum bit is the basic unit of
information in quantum computing. This new
concept of information, which allows us to use
the strange laws of quantum mechanics, has the
ability to significantly increase the speed and
power of calculations. Compared to the classical
bit, which can only be 0 or 1, qubit can be in a
mixed state of 0 and 1.
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Figure 2: The relationship between optimization and metaheuristic algorithms.

This property, known as "overlap”, allows
multiple calculations to be performed
simultaneously. With the ability to perform
simultaneous calculations, qubits can solve
complex problems in a very short time. This
feature makes them very useful for applications
such as decoding, molecular modeling, and
complex optimization problems. Despite the
high power of qubits, there are many challenges
in using them. These challenges include
quantum fluctuations, problems with
maintaining qubits, and technical problems
with building and maintaining quantum
computers. Qubits form the heart of quantum
computing and with their power can
revolutionize computing. Despite the current
challenges, advances in technology and
overcoming these challenges can lead to the
creation of powerful and fast computing
systems [24].

Quantum Al separation based on concept
Quantum Annealing Algorithms

These algorithms are wused to solve
optimization problems and improve the
performance of complex systems. One of the
most famous examples is the D-Wave Quantum
Computers, which are wused to solve
optimization problems.

Quantum circuit algorithms

These algorithms are built on quantum
operations such as measurements and quantum
gates. Famous algorithms include Shor's
algorithm for solving prime factorization
problems and Grover's algorithm for fast
database searches [25].

Quantum neural networks

These networks are built on the concepts of
traditional neural networks, but use quantum
properties to perform operations such as
measurements and quantum transformations.
This gives them more power in processing
complex data.

Quantum machine learning

This field seeks to use quantum concepts to
improve the performance of traditional
machine learning algorithms. This includes
algorithms such as quantum computing for the
quantum many-body problem and other
complex computational techniques [26].
Quantum artificial intelligence combines the
pervasive capabilities of quantum computers
with the power of quantum artificial
intelligence algorithms to solve complex
problems and challenges in various sciences.
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This combination may, in the future, improve
the performance and efficiency of many
artificial intelligence programs whose classical
algorithms are currently classified as inefficient
in terms of hardware.

Optimization methods in machine learning

Judea Pearl is one of the computer scientists
who has a statistical perspective and approach
to "Artificial Intelligence" and "Bayesian
Networks". He says about “Deep Learning”: The
most reduced form of “Machine Learning” can
be considered curve fitting. In some ways, it can
be said that having such an approach is correct.
Machine learning models are usually built on
the principles of “Convergence” and, in fact,
“Fitting” data into the model. However, this
approach leads to  “Artificial General
Intelligence (AGI)” which is still a topic of
debate. At present, “Deep Neural Networks” are
considered the best solutions for machine
learning problems and use “Optimization
methods” to achieve the goal. Basic
optimization methods are usually divided into
three categories: “First-order”, “High-order”
and “Derivative-free optimization methods”.
Typically, existing optimization methods fall
into the first-order optimization -category.
Among these methods, we can mention
“Gradient Descent” and its variants [27].

Discussion

Given the different strengths of quantum
computers and artificial intelligence, the
combination of the two can bring amazing
results. Quantum computers can perform
complex calculations at high speed, while
artificial intelligence can use this data to learn
and improve its performance. As a result, this
combination can increase the speed and
accuracy in solving complex problems such as
optimization, modeling, and prediction. In the
data age, quantum computers and artificial
intelligence have become a powerful
combination that is capable of analyzing and
processing data with high speed and accuracy
[28]. With continuous advances in these fields,
we can expect this combination of powerful
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technologies to shape the future of data
processing and decision-making.

Optimization steps with quantum artificial
intelligence

Converting the problem to quantum form

The traveling salesman problem is converted
into a problem that can be solved by a quantum
computer, which involves defining the states of
the qubits in such a way that each state
represents a possible path.

Running the quantum algorithm

The quantum algorithm is run on the quantum
computer. In this step, the algorithm
simultaneously examines all possible paths and
is guided towards the optimal solution using
the properties of quantum interference [29].

Measuring and extracting the result

After running the algorithm, the state of the

qubits is measured and the result is obtained,
which indicates the optimal or near-optimal
path. The goal of using quantum artificial
intelligence is to combine the computational
power of quantum computing with artificial
intelligence algorithms in order to solve more
complex problems, faster and with higher
accuracy [30].

Key goals of using quantum Al
Accelerate computational processes

Quantum computing can perform complex
mathematical operations used in Al algorithms
much faster than classical computers. This can
significantly reduce the time required to train
machine learning models.

Improve optimization

Many Al problems require finding optimal
solutions. Quantum algorithms can explore the
search space in parallel and get closer to
optimal solutions [31].
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Increasing the accuracy of models

Complex Al models that require processing

and analyzing big data can benefit from
quantum computing power to increase their
accuracy. For example, in natural language
processing (NLP) and pattern recognition,
quantum models can provide more accurate
results (Figure 3).

Big data processing

Quantum Al can help analyze large and
complex data. This capability can be used in
fields such as data mining, medical data
analysis, and financial forecasts [32].

Solving  problems unsolvable in classical

computing

There are some problems that cannot be
solved by classical computers due to their
computational complexity, or they require a
very long time. Quantum Al can help solve these
problems and provide innovative solutions.

Innovation in new fields

Quantum Al can be used in new scientific and
industrial fields and help discover innovative
solutions in various fields such as the design of
new materials, molecular simulation and
optimization of communication networks.

Increased security

In the field of -cybersecurity, quantum
algorithms can help identify complex threats

and attacks and create smarter and
resilient security systems [33].

more

Can Al work with a quantum brain?

The idea of a “quantum brain” essentially
refers to a system that uses the principles of
quantum computing to process information and
make decisions. Currently, this idea is mostly in
the theoretical and research stage, but let’s see
how Al can work with a quantum brain and
what advantages it can have. A quantum brain
is a computing system that uses qubits and the
principles of quantum mechanics to process
information. These systems can take advantage
of phenomena such as superposition and
entanglement, which allow them to process
information in parallel and much more
efficiently than classical systems [34].

Interaction between Al and quantum brain
Massively parallel processing

The quantum brain can process a large
number of scenarios and probabilities in
parallel, which can be very useful in optimizing
machine learning algorithms and searching for
the best models [35].

Improving learning algorithms

Deep learning algorithms that require complex
matrix calculations can use quantum processing
power to reduce training time and increase the
accuracy of models.
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Solving more complex problems

Complex and nonlinear optimization problems
that exist in artificial intelligence, such as
multilayer neural networks, can be solved
faster and more accurately by quantum brains
[36].

Big data analysis

In fields such as bioinformatics and genetic
data analysis, quantum brains can analyze large
and complex data more efficiently and help
discover new and important patterns.

Challenges and limitations of
intelligence and quantum brains

artificial

Emerging technologies

Quantum brains are still in the early stages of
development and require more research to
become a practical and usable technology.

Stability and errors

Quantum systems face problems such as
quantum errors and the need for very cold
environments due to their high sensitivity to
the environment.

Implementing algorithms

Implementing Al algorithms in quantum
systems require rewriting and adapting them to
the principles of quantum computing, which is a
challenging task [37].

The idea of combining Al with a quantum
brain is an exciting and promising field of
research that could lead to significant advances
in science and technology. Although still in its
infancy, with the advancement of quantum
technologies, it can be expected that this
combination will help improve the performance
and efficiency of Al systems and solve more
complex problems.

Quantum chips (the core of evolution in
advanced computing)

Quantum chips, which form the core of
quantum computers, have a completely
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different structure than the semiconductors of
classical computers. While classical computers
store and process information in the form of
zeros and ones. Qubits, as the basic unit in
quantum  computing, are capable of
representing states of zero, one, or a
combination of both. This capability makes
quantum computers a unique tool for solving
complex problems. In general, a variety of
technologies are used to create qubits, each
with its own characteristics and challenges, and
the choice depends on the specific applications
and needs of the users:

Superconductors

This technology is one of the most prominent
methods for fabricating qubits due to its
extraordinary stability and high operating
precision. The need for such conditions limits
the widespread commercial application of this
method [38].

Photonics

Photons are an attractive option for creating
quantum systems due to their ability to
transmit information at the speed of light and
their resistance to some noise. However,
creating and maintaining quantum correlation
between photons and their precise control on a
large scale pose challenges that require the
development of advanced tools and precision
engineering.

Semiconductors

This technology has great potential for
industrial use due to its high flexibility and the
possibility of mass production. Semiconductors
can be used on a large scale to build cost-
effective quantum processors, but high
sensitivity to environmental noise and
instability under changing conditions have
created significant challenges for this
technology. Concerning the aforementioned
patterns, the main challenge common to all
these technologies is to create high-quality and
stable qubits. Qubits are extremely sensitive to
environmental noise, temperature changes, and
even the smallest physical disturbances. This
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sensitivity limits the accuracy of quantum
computation and highlights the need for
advanced methods for correcting errors. One
effective approach to solving this problem is the
use of quantum error correction techniques,
which use further qubits to detect and correct
errors. Such techniques allow researchers to
create stable and reliable quantum systems
despite physical limitations, which have the
ability to solve complex and challenging
problems [39].

Error correction and logical qubits (key to
stability in quantum computing)

Error correction is one of the most
fundamental challenges in the development of
quantum technology and plays a vital role in
realizing the potential capabilities of this
technology. In this regard, the concept of logical
qubits, which are made by combining multiple
physical qubits, has been proposed as one of the
key solutions to increase the accuracy and
stability of quantum computing. With their
special design, these qubits are able to
minimize environmental errors and possible
noise and improve the stability of calculations.
Some leading technology companies, including
IBM, Google, and CSIRO, have made significant
achievements in the development of logical
qubits in recent years [40]. These companies
have not only succeeded in creating examples
of these qubits, but have also made extensive
efforts to integrate them into more efficient
quantum processors. Despite these advances,
combining a large number of logical qubits on a
quantum chip remains a major challenge [41].
Problems related to the correlation between
qubits, stability under different operating
conditions, and high production costs are
obstacles that require more in-depth research
and more creative solutions in this field.
Improving this technology will not only help
increase the ability to process complex
problems in quantum computers, but will also
pave the way for this technology to enter
practical applications in areas such as
cybersecurity, molecular simulation, and
artificial intelligence. The future of quantum
technology depends heavily on advances in
logical qubits and effective error correction
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methods, and global collaboration between
researchers, companies, and governments is of
great importance to overcome these challenges.
Therefore, experts predict that global
interactions focused on this subject area will
increase in 2025.

Potential applications of quantum technology

Quantum computers have the potential to
bring about fundamental changes in scientific,
industrial and even social fields due to their
unparalleled processing power. As mentioned
earlier, this technology, using its advanced
computational capabilities, enables the solution
of complex problems that have been impossible
or very time-consuming for classical computers
so far. Some of the most important applications
of this technology are examined in more detail
below:

Medicine and pharmacy

One of the great hopes of quantum computers
is to facilitate the discovery and development of
new drugs. Using precise molecular simulation,
these systems can analyze the behavior of drug
molecules at the atomic level and help discover
new compounds for the treatment of complex
diseases such as cancer and neurological
diseases. In addition, large-scale analysis of
genetic data can lead to the personalization of
treatments and reduction of drug side effects
[42].

Artificial intelligence
Quantum computers are capable of processing

huge amounts of data at incredible speeds. This
capability will improve the accuracy of machine

learning  algorithms and enable the
development of more complex Al models.
Applications of this advancement include

improving the security of automated systems,
increasing the efficiency of self-driving cars,
and optimizing industrial processes.

Cybersecurity

Quantum technology could revolutionize
information security. The development of
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quantum-resistant cryptographic protocols will
allow organizations and governments to protect
their sensitive data from emerging threats. On
the other hand, this technology will also help to
identify intrusion patterns more quickly and
counter cyberattacks [43].

Materials engineering

Designing and simulating new materials is
another area that will benefit from the
development of quantum computers. By
accurately simulating molecular structures, it is
possible to create materials with unique
properties such as better conductivity, higher
strength and greater efficiency in specific areas.
These materials can have wide applications in
the automotive, electronics and energy
industries.

Taxation and financial analysis

In the world of business transactions, the
ability to analyze thousands of variables
simultaneously can lead to improved accuracy
of financial forecasts and decisions. From
optimizing investment portfolios to identifying
complex patterns in financial data, quantum
computers can revolutionize this industry.
These applications represent only a small part
of the enormous potential of quantum
technology. The development of this technology
will not only expand the boundaries of science,
but will also have profound effects on the global
economy and everyday life of people [44].

Risks of quantum technology development

The concept of "Quantum Day" (Q-Day)
symbolizes a critical point at which a powerful
quantum computer will be able to break
existing cryptographic systems, jeopardizing
the security of critical infrastructure and digital
communications. Current conventional
cryptography, which is based on complex
mathematical problems, is designed to rely on
the limited computational power of classical
computers and seems impossible to break in
practice, but in 1994, the prominent
mathematician Peter Shore introduced an
algorithm that proved that quantum computers
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would be able to factor very large numbers
much faster than classical computers [45].
Although quantum computer technology has
not yet reached a point where this threat can be
realized, continuous advances in this field have
increased the likelihood of such a scenario in
the near future. One important aspect of the
threat of quantum computing is the high
expectation that malicious actors will acquire
the technology to decrypt encrypted content.
This strategy means that various entities can
store data that is currently indecipherable, so
that they can decrypt it in the future with the
acquisition of powerful quantum computers.
This is especially important in the fields of
national security, privacy, and the protection of
sensitive data. Therefore, the scientific
community and governments have launched
extensive efforts to develop quantum-resistant
cryptography (PQC) to combat these threats.
Leading institutions such as the US National
Institute of Standards and Technology (NIST)
are also developing standards for quantum-
resistant cryptography in response to these
challenges. These standards are recognized as a
fundamental transformation in the field of
cybersecurity and are expected to be widely
used in cyber supply chains by 2033. According
to a wide range of experts, despite these
advances in the development of quantum
technology, the development of quantum-
resistant cryptography is only part of the
solution. Information security is always
exposed to new challenges due to the dynamic
nature of technology. No type of cryptographic
system can guarantee absolute and permanent
security. Because new technologies may offer
unforeseen capabilities. Therefore, continuous
research and development, monitoring of
scientific advances, and extensive cooperation
between governments, universities, and
industries are essential to ensure digital
security as technology evolves [46].

Quantum technology outlook in 2025 and beyond

The year 2025 is expected to be a turning
point in the advancement of quantum
technology. According to many experts, this
year the world could witness the beginning of a
vast transformation in the development and

79
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application of this technology in various fields.
Therefore, the predicted trends in this field are
as follows:

Increasing the number of logical qubits

Developing quantum chips that are capable of
solving real and practical problems is one of the
main goals of governments and companies
around the world. This progress will not only
help improve hardware performance, but also
enable more complex and accurate calculations
(Figure 4).

Advances in quantum algorithms

Along with hardware advancements, it is
essential to develop software and quantum
algorithms that make the most optimal use of
the processing power of quantum computers.
These algorithms can be used in areas such as
molecular simulation, complex data analysis,
and modern cryptography [47].

International collaborations

Increasing collaboration between
governments, universities, and technology
companies is of great importance for
exchanging knowledge and accelerating

progress in this area. These collaborations can
include joint research projects, exchange of
expert personnel, and international
investments.

Investment in infrastructure

The establishment of advanced laboratories
and specialized research centers for the
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development and testing of quantum
technologies is of great importance. These
investments should be made not only in the
field of hardware, but also in related areas such
as cooling systems and precise control
equipment [48].

Software research and simulation

One of the most important areas of research in
the coming years is the development of
advanced simulations to test quantum
algorithms before reaching the appropriate
hardware. These simulations can help optimize
the development process and reduce costs.

In general, the progress of quantum
technology in 2025 and over 2025 depends
heavily on the coordination of scientific,
industrial and government efforts. According to
the experts, this coordination can pave the way
for the widespread and effective exploitation of
this revolutionary technology.

Key technologies in building quantum computers

Building quantum computers requires
advanced technologies that include special
materials, equipment and engineering

techniques. Key technologies include quantum
operation technology and qubit monitoring.
These allow researchers to create controlled
environments in which qubits can operate.
Improvements in low-temperature techniques
and control over very small particles could also
help increase the stability and efficiency of
quantum computers.

Quantum Technology Global Market Report
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Figure 4: Quantum technology outlook in 2025 and over 2025.
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Researchers are working on developing new
ways to optimize the design and construction of
these computers, and it is expected that we will
see significant changes in the coming years
[49].

How qubits work in quantum computers

Qubits are the fundamental units of
information in quantum computers. They can
be in different states at the same time, including
0, 1, and a combination of the two. This
property allows qubits to perform calculations
more quickly and efficiently. In fact, when
multiple qubits are connected together, the
processing power of the computer increases
[50]. This entanglement allows the qubits to
change in one of them to quickly affect the
other qubits. This property contributes to the
computational richness of quantum computers
and their high capabilities in solving complex
and large problems [51].

Is a quantum computer a threat to block chain?

The most powerful quantum computer with
its extraordinary capabilities could bring about
a major revolution in various fields, including
cybersecurity. Using qubits to perform
calculations, these computers can solve
complex cryptographic operations used to
protect data on the block chain in a very short
time. This unparalleled speed and computing
power exposes block chains to security risks.
Because complex codes that were previously
considered secure may be easily broken.
Therefore, the development of the most
powerful quantum computer is not only
considered a major technological achievement,
but also requires a rethinking of existing
security methods. The most important
applications of quantum systems, beyond their
impact on block chain, are emerging in fields as
diverse as pharmaceuticals, chemicals, financial
computing, and artificial intelligence. Using the
unparalleled computational capabilities of
quantum computers, it is possible to perform
accurate and complex simulations of molecular
processes, which increases the potential for
discovering new drugs and treating previously
incurable diseases [52].

2025, Volume 6, Issue 1

Will block chain be immune to the threats of
quantum computers?

The limitations of building a quantum
computer are among the greatest challenges
scientists and engineers currently face. These
limitations include technical hurdles such as the
need for extremely high precision in controlling
qubits, maintaining the quantum state without
disruption, and managing quantum errors. In
addition, large investments and technological
complexity are also part of these challenges.
However, recent advances in quantum
technologies show that researchers are
overcoming some of these limitations, but there
is still a long way to go before a practical and
usable quantum computer is available for
general use [53].

The threats posed by quantum computers are
particularly significant in areas such as
cybersecurity and cryptography. With the
unprecedented computing power offered by
quantum computers, many of the current
cryptography used to protect sensitive data
could become vulnerable. This could pose a
major threat to information security, financial
transactions, and diplomatic communications.
However, the development of post-quantum
cryptographic  algorithms and quantum-
resistant cryptography are strategies that can
help protect data in the age of quantum
computers. The good news is that the
technology community is always evolving and
new solutions are being developed to address
the challenges and threats posed by quantum
computers. Experts working on post-quantum
cryptographic algorithms have shown that they
can provide security systems that are resistant
to the high computing power of quantum
computers. These advances mean that in the
future, block chain-based systems and other
information technologies can be upgraded to
take advantage of these new types of security
algorithms. Therefore, despite the present
threats, the ongoing advances in security
technology ensure that block chain and other
systems will be able to protect themselves
against future challenges [54].
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Quantum cloud computing

As quantum computing hardware becomes
more sophisticated, the idea of quantum cloud
computing has gained traction. Companies are
exploring ways to access quantum computing
resources through the cloud, allowing
researchers and businesses to harness quantum
power without the need for significant
infrastructure investments. This
democratization of quantum computing could
accelerate research and development in a
variety of fields [55].

Quantum supremacy and its impact

Achieving quantum supremacy means a
paradigm shift in computational capabilities.
This has direct implications for programming
because algorithms that were once considered
impractical or infeasible on classical computers
may become feasible and efficient on quantum
hardware. Developers and programmers will
need to adapt to the unique characteristics of
quantum  systems. Reimagine  classical
algorithms and explore new avenues for
computational solutions [56-61].

Optimization challenges and opportunities

The potential of quantum computing to solve
complex optimization problems faster than
classical algorithms has implications for various
industries. Programming for optimization tasks
in finance, logistics, and manufacturing will
undergo a transformation. Developers need to
know how to formulate problems in a way that
takes advantage of quantum advantage for
optimization and opens up new opportunities
for efficiency and resource utilization.

Quantum computing can perform complex
mathematical operations used in Al algorithms
much faster than classical computers. This can
significantly reduce the time required to train
machine learning models.

Improved optimization: Many Al problems
require finding optimal solutions. Quantum
algorithms can explore the search space in
parallel and get closer to optimal solutions. This
is especially wuseful in complex and
combinatorial optimization problems such as
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the traveling salesman problem, resource
allocation, and financial portfolio optimization.
Complex Al models that require processing
and analyzing big data can benefit from
quantum computing power to increase their
accuracy. For example, in natural language
processing (NLP) and pattern recognition,
quantum models can provide more accurate
results. Big Data Processing Quantum Al can
help analyze large and complex data. This
capability can be used in data mining, medical
data analysis, and financial forecasting.

Solving  problems unsolvable in classical

computing

There are some problems that cannot be
solved by classical computers due to their
computational complexity or require a very
long time. Quantum Al can help solve these
problems and provide innovative solutions.

Innovation in new fields

Quantum Al can be used in new scientific and
industrial fields and help discover innovative
solutions in various fields such as the design of
new materials, molecular simulation, and the
optimization of communication networks.

Increased security

In cybersecurity, quantum algorithms can help
identify complex threats and attacks and create
smarter and more resilient security systems.

Conclusion

The combination of quantum computing and
artificial intelligence is known as “quantum
artificial intelligence” (Quantum AI). This
combination can help improve the performance
and efficiency of artificial intelligence
algorithms. Here are some of the benefits of this
interaction:

Accelerate machine learning

Machine learning algorithms can use the high
processing power of quantum computing to
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analyze data faster and improve the accuracy of
models.

Improve optimization

Many problems in artificial intelligence
require optimization. Quantum computing can
help find faster and more efficient solutions to
these problems.

More complex models

Quantum computing allows for the processing
of more complex artificial intelligence models
that are not possible in classical computing.

Big data analytics

Quantum computing can analyze large and
complex data more efficiently, which allows
artificial intelligence to extract more accurate
patterns from the data.

Although quantum computing has great
potential, it is still in the early stages of
development and faces many technical
challenges. These include the stability of qubits,
quantum errors, and the need for extremely
cold environments for quantum systems to
operate. As research in both areas advances, the
interaction of quantum computing and artificial
intelligence is expected to lead to significant
results and create a huge transformation in
various industries, including medicine, finance,
logistics, and information technology
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