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Abstract

Quantum computing is one of the emerging technologies. Different communities and

research organizations are working to bring quantum computing applications into reality.
Artificial Intelligence is another emerging area and getting stable with time. This paper, the main
objective is to find out the impact of quantum computing research growth for Al applications.

Thus, the method used in this study uses computational methods. so that this research can be

concluded regarding the growing impact of quantum computing research for a given Al
application. This paper also presents the impact and possibilities of quantum computing in the
field of artificial intelligence.
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1. Introduction

Honeywell, among others, has started investing in this technology. In many ways,
guantum computing is like classical computing, storing data in the form of bits, i.e. 0 or 1. [1]
However, quantum computing encodes information in the quantum bit or qubit, making it
possible to store multiple states of data simultaneously. This is where the role of quantum
mechanics concepts such as superposition and entanglement comes. Quantum computing
works differently from traditional computing because it follows the same physical rule that an
atom follows to manipulate information [2]. It is reported that quantum computing can help
artificial intelligence in many ways, such as processing huge complex datasets and evolving
algorithms to allow better learning, reasoning, and understanding. Several possibilities are there
for machine learning algorithms and natural language processing in quantum computing. For
example, recently, a natural language processing algorithm has been executed on quantum
computing, which results in a “meaning aware” algorithm [3]. The meaning of meaning
awareness is that now the computer can understand the individual words and the whole
sentence. This awareness can be expanded to entire phrases that result in real-time speech
without requiring guesswork, which is state of the art today. With the help of quantum computing,
itis also possible to run machine learning and deep learning algorithms faster than their classical
computers. Quantum computers using quantum physics can have computer results more
accurately than their counterparts [4].

This paper discusses the impact and possibilities of integrating quantum computing with
artificial intelligence in detail. How can we reduce the error further with their integration is the
focus of this paper? [5]

2. Research Question

e RQ1 : How will quantum computing improve and transform machine learning and
artificial intelligence capabilities?
Answering this question will provide deep insight to researchers and scientists about
what aspect of quantum computing can help improve the performance of Al
applications.[6]

e RQ2 : What are the possibilities of quantum computing that can be analyzed and
explored for the overall growth of Al applications
Answering this question will give a new perspective to the research community about
unexplored areas of quantum computing that will help efficiently solve Al problems.[7]

3. Al transformation with Quantum Computing
Quantum computing and Al will be merged to get an optimized solution that can

generate world-class results. There are various possibilities with Quantum Al. Many research
articles are popping out to show the significance of this combination [8]
There are the following possibilities with Quantum Al. Different libraries are on the way to
support this innovation for developers. [9]

1. Al Learning process enhancement with Quantum algorithms.

2. Al neural search enhancement with Quantum algorithms.

3. Quantum computing and game theory touch Al for dealing with stochastic scenarios
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Picture 1. Quantum Computing and Al [10]

# A hybrid quantum-classical model.

model = tf._keras.Sequential(|
# Quantum circuit data comes in inside of tensors.
tf.keras.Input(shape=(), dtype=tf.dtypes.string),

# Parametrized Quantum Circuit (PQC) provides output
# data from the input circuits run on a quantum computer.
tfq.layers.PQC(my_circuit, [cirq.Z(q1), cirqg.X(qg@)]),

# Output data from quantum computer passed through model.
tf.keras.layers.Dense(50)

Picture 2. TensorFlow Quantum Library [11]

In the coming time, designing quantum-based Al learning algorithms will allow us to
solve typical problems more quickly and help to speed up areas like Al training, pattern
recognition, and fraud analysis[12]. Qiskit is an open-source quantum computing framework
developed by the IBM Quantum community[13]. The purpose is to test Al and quantum
computing for each other. Researchers can decode machine learning situations into inputs for
QiskAqua algorithms and execute them on real quantum machines[14].
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Picture 3. Quantum Classifier [15]

4. Optimization
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It is a well-known fact that classical or traditional computing methods are not able to
solve complex machine learning problems efficiently. To address this issue, quantum
computing has come into the picture[16]. According to reports, the performance of machine
learning algorithms dealing with a dataset of high dimensional vector space suffers in
performance using classical computers[17]. Quantum computing gives two very important
techniques, quantum parallelization, and quantum associative memories, which are said to
speed up the performance or reduce the computation time and can be used to solve complex
machine learning tasks both for optimization and learning[18]. It is worth noting that quantum
computers are good at dealing with tensor and dot matrices in a higher dimension. This
feature turns out to be very useful in reducing the time of machine learning algorithms[19]. In
one of the reports, it is found that quantum computers can factor integers in polynomial time,
which is normally not possible by classical computers[20]. In machine learning, there are
several problems that can not be solved in the given time frame and are intractable[21].
Heuristics techniques are used to solve such intractable problems with given available
resources[22]. This is where quantum computing can be used to speed up the computation
time[23].

Optimization

Simulation

Picture 4. Quantum Computing.

5. Simulation

Quantum simulators are software programs that run on classical computers and make
it possible to run and test quantum programs in an environment that predicts how qubits react
to different operations[24]. There are a variety of problems, ranging from the simulation of
materials or chemistry processes to optimization, for which very efficient quantum algorithms
have been developed so that they can be solved by quantum computers way faster than by
any other classical one[25]. They have a wide range of applications, including drug, material
design, industrial process, and data processing, among others. There are a few problems
where quantum computing can provide significant speed, in other words, as a function of
qubits, while in some other problems, it can yield modest results[26].

6. Conclusion

Artificial Intelligence and Quantum Computing are both appliances of science and
engineering[27]. The use of computational capabilities of Quantum computing in the
processing of large and complex datasets of Artificial intelligence is popular as Quantum
Artificial Intelligence. When technology giants succeed in building quantum computers, it
will tremendously change the computational power, time, and speed [28].

On the other hand, there are several challenges in implementing quantum computing
in Al applications — Mapping of a qubit, Maintaining qubit quality, Scalability, Noise
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distortion, Skilled developer and Substantial ecosystem, open-source modeling, and
training framework, etc [29]. For Al researchers, optimization and sampling are especially
important because they enable machine learning models to be trained faster and with
greater accuracy and also develop a quantum algorithm for learning and decision problems
that perform better than classical Al algorithms. So quantum computing and Al need to meet
various milestones to increase potential in quantum computing Al.

In this paper, a brief discussion on the impact of quantum computing research growth for
Al applications is given. This paper also presents the impacts and possibilities of quantum
computing in the field of artificial intelligence [30].
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