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Preface

Quantum computer, as the name suggests, principally works on several
quantum physical features. These could be used as an immense alternative
to today’s apposite computers since they possess faster processing capability
(even exponentially) than classical computers. The term “quantum comput-
ing” is fundamentally a synergistic combination of thoughts from quantum
physics, classical information theory, and computer science.

Quantum information processing entails the processing of information
represented using qubits, which is the basic element of a quantum computer.
Information processing in the quantum domain is centered on qubit encod-
ing of the classical information, using the inherent properties of superposi-
tion and coherence followed by some quantum measurement operations to
arrive at the classical outcome. In addition, the property of entanglement of
the qubits helps in long-haul communication at an enhanced data transfer
rate. This increased data transfer rate forms the basis for implementing dis-
tributed quantum networks in the near future. In addition, faster quantum
communication is imminent due to rapid research on quantum informa-
tion processing, the possible realization of quantum networks, and quantum
internet services. Novel algorithms on quantum key distributions have been
proposed to pave the way for a secured and robust communication system,
thanks to the progress in research on single photon sources and detectors.
Sequential single photon communication leads to quantum cryptography,
which not only helps prevent eavesdropping but also forms the backbone
for building quantum teleportation networks. Although entangled photon
generation at the chip level still remains a challenging proposition, semicon-
ductor-based quantum dot detectors and novel optical fibers can become
effective for the practical implementation of encryption algorithms.

In addition to device-level research, scientists have invested their efforts
to induce intelligence in quantum information processing in order to make
the systems robust, fail-safe, and efficient. Utilization of the basic features
of quantum computing in different machine learning algorithms has been
explored over the decades, thereby evolving quantum-inspired/quantum
computational intelligent algorithms. Starting from evolving quantum neu-
ral networks to emulating quantum fuzzy principles to evolving quantum

XV
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metaheuristics, these have been the trends of research in recent years. The
advent of these quantum algorithms has opened up a new era in the field of
intelligent information processing, where the principles of quantum mechan-
ics are conjoined successfully to enhance the real-time performance of the
existing quantum information processing algorithms.

This volume aims to bring together recent advances and trends in the
methodological approaches, theoretical studies, and mathematical and
applied techniques related to intelligent quantum information processing
and their applications to engineering problems. The scope of the book, in
essence, is confined to but not bounded to introducing different novel hybrid
quantum computational algorithms for addressing the limitations of the con-
ventional information processing algorithms, including quantum machine
learning, quantum key distribution, quantum information processing, quan-
tum encryption algorithms, quantum networks, and quantum knowledge
discovery in databases, to name a few. It is also aimed to emphasize the
effectiveness of the proposed approaches over the state-of-the-art existing
approaches by means of illustrative examples and real-life case studies.

This volume contains ten well-versed chapters, addressing different facets
of intelligent quantum information processing.

The exponential rise in the demand for secured information processing
requires an alternative approach from the conventional classical world,
and the present scientific community believes that one of the most distinc-
tive physical resources of the quantum world is quantum entanglement.
It is a unique correlation between the components of quantum multipar-
tite systems, which has never been observed in the classical macroscopic
world. It is a tool that not only explains the effectiveness and fruitfulness
of quantum information processing compared to its classical counterpart
but also becomes significant from the security point of view when quantum
communication is considered. Chapter 1 discusses the importance of quan-
tum entanglement as regards to processing of information for secured data
transmission. The most trusted and investigated resource to date is quantum
entanglement, for the purpose of secured data communication. Similar to
energy, quantum entanglement is a physical resource connected to the odd
nonclassical connections that can occur between distant quantum systems.
Using a pair of entangled quantum systems, it is feasible to carry out com-
puting operations that are impractical for conventional systems. Quantum
information theory is a broad study of the information processing capabili-
ties of quantum systems.

At the most microscopic level, all physical systems are governed by the
laws of quantum mechanics. Quantum information processing is the study
of how information is gathered, transformed, and transmitted at the quan-
tum level—in atoms, ions, photons, elementary particles, and microscopic
solid-state systems, which obey fundamental quantum mechanical laws.
Chapter 2 highlights the essential tenets of quantum information processing
for the next-generation communication system design. Quantum computers,
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quantum communication channels, and quantum sensors are devices that
can attain the ultimate limits of information processing. The laws of quan-
tum mechanics give rise to counterintuitive effects. Quantum information
processors use “quantum weirdness” to perform tasks that classical infor-
mation processors cannot. Quantum computers are conceived to process
information stored on atomic, optical, and solid-state systems. They aim
to use counterintuitive effects including quantum superposition and entan-
glement to perform tasks such as quantum simulation, quantum search,
and factoring/code-breaking to solve problems that are hard or impossi-
ble on conventional classical computers. Quantum communication sys-
tems transmit information encoded in individual photons: they exploit the
fact that quantum measurement is inevitably stochastic and destructive to
enact quantum-encrypted communication whose security is guaranteed by
the laws of physics. Quantum sensors and measurement devices operate at
the greatest possible sensitivity and precision allowed by physical law: from
magnetometers to quantum clocks to advanced gravitational interferom-
eters (e.g., LIGO), quantum metrology supplies the techniques required to
push measurement to its ultimate limits.

Extracting and automatically classifying information elements (UIE) such
as tables, figures, and equations from (scientific) documents is a challenge in
the area of information retrieval. Convolutional neural networks (CNNs) are
widely used models in image classification due to their good performance in
pattern detection. However, CNNs present some problems in learning large
tasks because they depend on having a considerable amount of data for opti-
mal performance. On the contrary, Quantum Convolutional Neural Net-
works (QCNNSs) have been increasingly used because they provide efficient
solutions using the concept of quantum computing to improve the perfor-
mance of a learning model. In Chapter 3, a Hybrid Quantum Convolutional
Quantum Neural Network (HQCNN) is analyzed and compared with dif-
ferent state-of-the-art CNNs in the problem of classifying tables extracted
from scientific documents. Given the limited access to specialized hardware,
in this work, the simulations were carried out using the PennyLine platform
and the Multiscale Entanglement Renormalization Ansatz (MERA) model.
Results obtained in this work show that HQCNN results in superior perfor-
mance than a traditional convolutional network compared to the literature.

Quantum computing, a branch of quantum physics, is seen as a promis-
ing solution to many of the world’s problems. This dynamic research field
has gained momentum over the past two decades, driven by the interaction
between light and matter. Electromagnetic (EM) waves resonantly interact-
ing with charged particles result in electrodynamics, as described by Max-
well’s equations. Maxwell’s equations are known for their form-invariance
under arbitrary spatial coordinate transformations, enabling effects result-
ing from a coordinate transformation to be assimilated by the material prop-
erties that the EM waves pass through. Transformation optics (TO) applies
a coordinate transformation-based approach to create a non-homogeneous
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and an anisotropic transformation medium, paving the way for unique elec-
tromagnetic and optical devices previously thought impossible. TO con-
cepts can also be applied to the regions containing electromagnetic sources,
known as source transformations. Chapter 4 delves into the theoretical
and mathematical foundations of TO to help readers better understand the
concepts behind it. Using this knowledge, this chapter discusses a phased
array antenna with new pinwheel-shaped elements that incorporate struc-
tural and mechanical constraints using source transformations. Numerical
simulations are used to demonstrate the radiation properties of the array,
which has the potential to be integrated into conformal arrays for wireless
communications, radars, and sensing. This chapter also discusses the future
direction of TO-based device design, including the potential use of deep
learning (DL), a subfield of machine learning (ML), and artificial intelligence
(AI), to predict material properties and to determine design parameters for
the desired performance.

The authors present an improved method for quantum machine learn-
ing, using a modified Levenberg-Marquardt (LM) method, in Chapter 5.
The LM method is a powerful hybrid gradient-based reinforcement learning
technique, ideally suited to quantum machine learning, as it only requires
knowledge of the final measured output of the quantum computation, not
intermediate quantum states, which are generally not accessible without col-
lapsing the quantum state. With this method, the authors have been able to
achieve true online training in a quantum system to do a quantum calcula-
tion, which has never been done before. The authors demonstrate this using
a fundamentally non-classical calculation: estimating the entanglement of an
unknown quantum state. Machine learning is applied to learn this algorithm
and is demonstrated in simulation and hardware. Results are exhibited for
two-, three-, four-, five-, six-, seven-, and eight-qubit systems, in Matlab
simulations, and, more importantly, these run on the IBM Qiskit hardware
interface as well. With this approach, the quantum system, in a sense, designs
its own algorithm. Moreover, the approach enables scaleup, is potentially
more efficient, and provides robustness to both noise and decoherence.

When an optimization problem needs to be solved, it is possible to use
some classical methodology, such as the gradient-guided or exhaustive
search technique. However, to be able to use any of them, it is necessary to
have an extra knowledge of the problem. Evolutionary algorithms have been
tested and applied to a wide variety of problems of this type, being a very
good search strategy having the characteristic of not requiring extra infor-
mation from the problems like those previously mentioned. One type of evo-
lutionary computation is Genetic Algorithms (GAs), which are based on the
mechanics of natural selection proposed by Charles Darwin. In a GA, a pop-
ulation of possible solutions is generated, and later, this is evolved through
genetic operators (crossover, mutation, and selection) to generate a new one
with better individuals (new possible solutions) that are close to the sought
solution. Since 1996, a modification to GAs was presented by Narayanan
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and Moore, employing quantum mechanisms where the Schrodinger equa-
tion is essential to bring an initial state to a final state, the Quantum Genetic
Algorithms (QGAs). Here, the concept of qubit arises, which aims to store
the minimum unit of information of the quantum states, being 10) and [1).
The advantage of this is that now it is also possible to have a state super-
position of the two previous states ly) = «l0) + BI1), increasing the space
of solutions. Similar to GAs, in QGAs, there are quantum crossover and
quantum mutation (Q-gates), genetic operators that help to evolve the initial
population toward the optimal value sought. In Chapter 6, a QGA is used to
fit a curve on an image, the Major Temporal Arcade (MTA) vein in fundus
images, which has been segmented previously. The aim is to determine the
coefficients and the degree of the polynomials that, in linear superposition,
fit the curve as best as possible, finally having a functional expression that
can be manipulated in order to extract as much information as possible and
help in the diagnosis and treatment of diseases related to the retina.

Quantum computing, which is the most famed topic in this era, a com-
bination of quantum mechanics from the 1900s and computing point of
view, takes a huge place in the quantum realm. Starting from the founda-
tion of abacus from 2700 BC to 2300 BC, we humans always try to com-
pute in different ways; the most modern ways of doing it come with the
binary system. Bit is the smallest unit of a binary system and can be in two
states: either 0 or 1. On the contrary, quantum computing deals with the
“quantum bit” or “qubit”; possible outcomes from the qubits are neither
0 nor 1. It will always be a combination of 0 and 1, which is based on the
superposition principle from quantum physics. In Chapter 7, the details
of quantum logic gates are discussed from a circuit design perspective,
which will be achievable for future realization of quantum computers. The
architecture and the corresponding formation of basic quantum circuits
are discussed, along with methods of quantum computing. How the tech-
nique differs from conventional approaches is also highlighted. The work
may be directed toward future hardware realization of quantum informa-
tion processing.

Quantum computing is a rapidly evolving industrial technology that
employs quantum mechanics laws to address issues that traditional archaic
computers find impossible to solve. It is a computation method that uses
phenomena such as superposition, interference, and entanglement. It is one
of the most effective theories of the twentieth century, contributing to the
progressive growth of scientific investigations. In this modern-day world,
there have been certain advancements in quantum computers that have
encouraged researchers to opt for a number of algorithms. There are certain
drawbacks in the architecture, mainly the presence of certain physical con-
straints that restrict the logical qubits from getting mapped and converted
to physical qubits. Chapter 8 puts forward the modern-day trends in the
field of quantum computing and focuses on the various restrictions faced in
building a device following the principles of quantum computing.
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Chapter 9 deals with fundamental concepts and corresponding algorithms
related to quantum microwave propagation and its application in various
sensing and communication networks. Propagation in both unbounded and
bounded media is briefly mentioned with a detailed elaboration on qubits.
The role of qubits as resonators is analyzed along with their physical rep-
resentation. A few adopted algorithms are mentioned, which are nowadays
essentially used for realizing quantum logic gates for sequential circuits.
Both spin qubits and superconducting qubits are discussed at the end of this
chapter to emphasize their future potential application areas.

Finally, Chapter 10 concludes the findings of the volume and future
research directions.

This volume is meant for undergraduates and postgraduates of informa-
tion science, computer science, electronics, and communication engineering
for some part of their curriculum. The volume would also benefit aspiring
and senior researchers to carry out further exploration of the application
areas pertaining to this upcoming technology. The volume is also intended
to benefit the faculty of relevant disciplines in premier institutes.
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