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Abstract

The contemporary world is fast-paced, and so is the need to adjust appropriately to the issues
arising from technological advancements. Several entities are automating various functions to
improve efficiency and ultimately improve productivity. Gone are the days when man used steam
engines to transport products to multiple destinations. Presently, even the most luxurious diesel
engines are being ousted from the market as Al is rapidly taking its toll. However, even the most
powerful Al humans can create based on classical computers in the foreseeable future may also
easily slip down to the servant's place with tech evolution for powerful quantum Al coming out.
From ancient machines meant to make work easier, there have been tremendous advancements in
the era of technology. The end goal may be to design machines with the ability to think like human
beings and do tasks intuitively, but it also may unexpectedly come to a being that is beyond human
cognition before humans figure out what they are actually doing. Bernard Marr (2020), when asked
about the dangers of artificial intelligence (Al), said that the greatest danger of Al is that people
conclude too early that they understand it. The lack of knowledge about Al's dangers, effects, and
benefits has made many believe it is good and 'the future of mankind.' In contrast, others, like Elon
Musk, conclude it is terrible just merely based on presumptions or as a result of influence from
fictional movies such as The Terminator and Metropolis, which depict Al systems as having evil
intentions toward human beings. While some of this fictional content can be true to some extent,
it is still dangerous to conclude the effects of something without any prior knowledge of the subject

matter, just as Bernard Marr had claimed.

This thesis holds both theoretical and practical significance: questions of how to prevent loss of
control and how to address associated risks are theoretical in nature, whereas governing Al
constitutes a practical challenge. The critical issue humanity confronts is how to control Al and
prevent its unintended consequences. This thesis systematically explores this crucial problem by
adopting a historical-philosophical approach, combining conceptual analysis, comparative
evaluations of existing Al governance frameworks, and critical examinations of ethical

implications through various philosophical lenses.

The thesis, therefore, outlines the structure of Al through understanding quantum computing and
how this led to the development of AI, which should be able to help academics, stakeholders, and

even the public, who may not even heard about that before, to have a basic understanding of Al
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and quantum Al to see the danger and the potential of it since the governing of Al has been based
solely on its design and how it operates, and understanding Al at its core will help humanity better

govern them with everyone involved.

This thesis aims to show that if the machine (Al) is left untamed, its actions cannot be guaranteed
and thus may have adverse effects on humanity shortly; also, the long-term threat index will be
increased exponentially if the basement of governance for Al based on classical computers is
vulnerable, the governance of quantum Al will be even worse since the classical Al are still in
humanity's cognition, but the power of quantum is far beyond the limit of human's cognition not
even mention their combinations, vice versa; with the suitable governance framework to reveal its
potential under public trust, international cooperation, humanity may be able to finally break the
chain which trouble's humanity since its dawn. In this light, Al has to be governed to avoid these
harmful effects and further the governance of quantum Al with their combination for the best of
humanity. This thesis, therefore, will first outline the history of Al, its emergence, and its creation.
Secondly, the thesis will outline how Al has been used in the past and its implications. Finally, the
thesis will present how to govern Al and quantum Al their combinations, which are still rapidly

developing, and why they are essential.

Keywords: Artificial Intelligence; Al.; Machine Learning; Big data; Quantum Computing;
Quantum Al
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Chapter One: Introduction

1.1 Introduction

This chapter aims to give us an insight into Al, its development, and some of the main ideas that
led to the invention of the Al systems we know today. The development of Al will highlight ancient
concepts familiar to modern-day Al and how these ideas have grown with technological
advancements. The chapter elaborates on what Al has meant to people since its earlier
development. There has been a constant debate on the importance of Al, with some arguing that
Al poses a greater risk to humans than benefits; this thesis will seek to clarify whether the motion
is true or not. As we had earlier mentioned, fictional movies depicting Al taking over the world
have existed for a century; it is living like Schrodinger's cat with obsolete and forefront at the same
time, which is exactly the nature of the superposition state in quantum theory. So, this chapter will
concern historical machines that showed simulations of intelligence and also cover how ancient
philosophers contributed to modern Al and how their perspectives differed on the idea of having
machines that could think like human beings; this will thus provide a framework for developing a

more manageable and governable form of Al. As (Urchin et al., 2020, p. 4) put it, “Al has varied

benefits but can be catastrophic if left unmanaged in the foreseeable future. *

1.2 What is AI?

The term Al was coined by John McCarthy (1956), a Stanford professor (Jorgen, 2019, p. 7) who
completed his PhD in 1951 in Mathematics and valued Math education - Mathematics is not only
the foundation of Al but also maybe everything under the current limit of humanity's cognition to
have for the quantum theory which we will mention later in the thesis. With the deep ground of

Mathematics, McCarthy defined Al as “the science and engineering of making intelligent systems.”

Since then, the term has developed various interpretations and definitions based on works from
different scholars and other notable figures, especially for modern Al. Before the term Al was
coined at the Dartmouth conference by McCarthy, previous terms that resemble modern Al

definitions were "automata" and "electronic machines" (Parker, 2022, p. 6).

According to the Oxford Dictionary (2022), Al is defined as machines incorporated to mimic

human-like intelligence and perform tasks. Such intelligence is built using complex algorithms
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and mathematical functions alike, which may carry out a variety of activities that generally require
human intellect by integrating these algorithms and mathematical functions, such as speech
recognition, object recognition in pictures, and complicated decision-making (LeCun, Bengio, &
Hinton, 2015, p. 348). An algorithm is a collection of guidelines or instructions provided to an Al
system in order to assist it in learning, decision-making, and problem-solving (Russell & Norvig,
2016, p. 115). After processing data, algorithms utilize it to identify trends, forecast future events,
and get better over time. To recognize a cat in a picture, for instance, a machine learning system
may examine thousands of photos. On the other hand, according to Goodfellow, Bengio, and
Courville (2016, p. 153), mathematical functions are particular formulae that algorithms employ
to compute and analyze data. Because they let computers evaluate large volumes of data quickly
and precisely, these features are essential to the development of Al For a real-world case, in order
to improve a neural network's performance on tasks like language translation or speech recognition,

functions can be used to modify the network's parameters.

Automatons, on the other hand, refer to apparatus, a machine, or simply a computer designed to
emulate tasks performed by humans daily (Parker, 2022, p. 8). In the field of Al, automatons were
machines built in the earlier centuries by some great generalists in human history like Leonardo
da Vinci and Al-Jaziri. Mechanical knights and other elaborate machines that imitated human
movement and behavior were among Leonardo da Vinci's creations. The innovative engineer Al-
Jazari invented complex mechanical gadgets, such as programmable humanoid robots, that could
carry out certain jobs. These early innovations in creating machines that mimicked human behavior
laid the foundation for modern Al systems by providing a baseline from which all other machines
that emulated human intelligence could be developed. We will discuss these further in detail in the

following section when we sort out the key moments in the Al timeline.

Charles Babbage developed the first machine that could be considered a thinking machine in the
1830s. His Analytical Engine, which was the first mechanical computer design to imitate parts of
human cognitive processes by performing any calculation or algorithm, was groundbreaking. A
"thinking machine" is a device designed to imitate aspects of human cognitive processes,
particularly through autonomous decision-making and the ability to alter its operations based on
prior outcomes, as exemplified by Babbage's Analytical Engine. It does this by carrying out a

series of operations based on preprogrammed instructions. The Analytical Engine laid the
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groundwork for contemporary computing with its features, which included a store (similar to
memory) for data storage and a mill (similar to a CPU) for processing computations. Babbage, a
British mathematician, gave us a glimpse of the future of AI when he envisioned the Analytical
Engine (SciTech, 2021, p. 4). The Analytical Engine was a machine that could perform multiple
tasks by simply re-evaluating its inputs and, consequently, its outputs and, in a way, act as if it was
thinking on its own accord. More specifically, it could carry out a broad range of jobs by altering
its inputs and commands based on the outcomes of earlier calculations and making decisions using
branching and conditional loops as control flow techniques. Constantly modifying its operations
enabled the computer to behave as though it was 'thinking' for itself. For example, similar to how
current computers carry out conditional statements in programming, the Engine may change its
next course of action if a certain condition is satisfied during calculation. A basic idea in Al,
autonomous decision-making, was proved by this ability to reevaluate inputs and generate distinct

outputs based on those conditional logic.

1.3 Development of Al

The concept of Al, understood as the science and engineering of making intelligent systems, can
be traced back to the myths of ancient Greece, when the first king of Crete, Minos, was gifted an
unusual bronze robot called Talos by Hephaestus, the Greek God of invention and blacksmithing
(Dennehy, 2020, p. 3). The automaton was created to act as a guardian of the island of Crete. It
was presented as a gift to Minos based on the Bibliotheca of Pseudo-Apollo Dorus, which was
written in the early centuries. The automaton could throw boulders at the ships of invaders and
would complete three circuits around the island's perimeter daily (Dennehy, 2020, p. 10). The
framers—those who shaped the foundational ideas and structures of AI— used principles of
postwar traditions, systems engineering, philosophy, and mathematical logic. They had the idea of
proving beyond doubt that the brain's physical operations could be used to support cognitive

faculties in machines and computer systems (Kline, 2015, p. 7).

Later, just as we mentioned above in the definition of Al, the realistic humanoid automatons and
other self-operating machines were built in the Middle Ages by craftsmen such as Leonardo da
Vinci (1500) and Ismail al-Jaziri (1206) of the Turkish Artuqid dynasty. Ismail al-Jaziri designed
a boat that carried four mechanical musicians powered by water flow (Jeremy, 2022, p. 5); this is

believed to be the first programmable humanoid robot to have ever been designed. A
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programmable machine is one that can be set to perform a sequence of operations automatically
based on predefined instructions. Al-Jazari's boat satisfied this definition because mechanical
musicians could be programmed to play different rhythms and melodies by adjusting pegs on a
rotating drum, similar to how modern programming involves setting instructions for a machine to
follow. A humanoid robot is typically a robot that resembles the human body in shape or design
and is often intended to perform functions that mimic human actions (Jeremy, 2022, p. 8).
Leonardo da Vinci designed a knight automaton that could wave its arm and move its mouth (Sonal,
2019, p. 9). Leonardo da Vinci aimed to impress his patron, Ludovico Sforza, the ruler of Milan.
In 1495, Ludovico Sforza had a pageant at his court and asked Leonardo da Vinci to oversee all
the celebration arrangements (Sonal, 2019, p. 5). It is believed that in order to entertain and impress
the guests, da Vinci created the knight automaton as part of this pageant, which showcased his
mechanical ingenuity. Ismail Al Jaziri also created his machine as a form of entertainment (Jeremy,
2022). The concept of utilizing Al to serve other human desires was just beginning to be grasped,
and these early machines demonstrated that such applications could be highly effective and

impressive.

Al assumed that human thought processes could be mechanized. Thus, philosophers like Aristotle,
who worked on the logical principles of human reasoning, and later on, mathematicians and
computer scientists like Alan Turing helped formulate mathematical perspectives on the concept
of AL Aristotle helped develop structured methods of formal deduction, which is a form of proof
calculus in which logical reasoning is expressed by inference rules closely related to the natural
way of reasoning (Alice Gao, 2019, p. 6). In the fourth century, Aristotle introduced the concept
that all rational thought could be systematized, similar to algebra or geometry (David, 2020, p. 7).
He referred to this concept as syllogistic logic, whereby a conclusion is drawn from two or more
propositions. Syllogism is the logical argument of statements that are derived from deductive
reasoning to conclude (Byju, 2020, p. 4). The Aristotelian concept was later backed by brilliant
philosophers and mathematicians such as Thomas Hobbes, Gottfried Leibniz, and Rene Descartes
(1600), who all made the same conclusion that rational thought could be systematized like algebra
and geometry. This symmetry in logic and reasoning laid the groundwork for Al by showing that
human thought processes could be broken down into clear, logical steps that a machine could be
programmed to follow. Building on these foundations, Ramon Llull (1232-1315) developed
several machines devoted to producing knowledge by logical means (Gil, 2022, p.5). Llull
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machines could combine fundamental and undeniable truths by simple logical operations produced
by the machine by mechanical means in such a way as to produce possible knowledge that could
guide decision-making (Gil, 2022, p. 6). His work further illustrated the potential of mechanizing
human thought processes, directly influencing the development of early computational devices and

the ongoing evolution of Al

Llull invented a new method for knowledge acquisition theoretically and later mechanized it in his
machines. Llull’s Ars Combinatorial was based on divine intuition and the generation of truths by
logical algebraic language; this approach combined basic ideas in a variety of ways using logical
algebraic language, leading to new discoveries and understandings. Llull's machines produced
many combinations of concepts by rearranging and combining symbols and phrases on revolving
disks, allowing for the logical and structured investigation of information. He incorporated this
logic in the design of his thinking machines with the aim of creating a machine that displays human
thinking capabilities such as logical reasoning, problem-solving, and the synthesis of new ideas
from existing knowledge. He further refined his methods by using paper-based mechanical devices,
such as rotating wheels and sliding charts, to explore and generate new knowledge from
combinations of concepts systematically. On the one hand, Llull's combinatorial art machine also
divided historical religions beliefs into fundamental elements, which he then represented by letters.
This method aimed to create a consistent and unified understanding of the world (Tom, 2022, p.
5). The combinatorial process was formulated to prove the existence of God and creation through

statements as questions and answers (Tom, 2022, p. 3).

Llull’s unusual use of letters and diagrams in his machines sets it apart from other systems
developed at the time. The use of letters and diagrams gave his system an algebraic and algorithmic
design (Tom, 2022, p. 5). LIull wanted to create a universal language using a combination of letters
and diagrams in a logical combination of terms. The machine created by Llull was made up of
paper discs on which attributes of God were listed. The foundation of his approach was the idea
that there are only a finite number of unquestionable truths in all areas of knowledge for all humans.
Humanity would, therefore, obtain the ultimate truth by integrating these fundamental truths
through his system. His device was intended to dispel false beliefs about religion and assisted in
the attainment of absolute rational certainty. These discs could be rotated to create combinations

of attributes that would guide answers to theological questions.
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This technology provides a key insight into modern thought. An example of this is Gottfried
Leibniz, who was inspired by Llull in his design of the concepts presented in his book Dissertatio
de arte combinatoria (1666). Leibniz frequently references Llull's combinatorial method as a
foundation for his own work on symbolic logic and universal calculus, which can be found in his
writings. Under the influence of Llull's work, Leibniz proposed an alphabet of human thought.
According to him, all human thoughts are simply combinations of smaller concepts, just as words
are combinations of letters. However, Leibniz disagreed with the assumption that these essential
notions could be represented by alphabets since alphabetic representations were too limited to
adequately capture and handle the richness and diversity of human thinking. In this relation, he
created a method that is more adaptable and all-encompassing by using numerals to represent these
basic notions when making complex concepts. Leibniz was convinced that all questions could be
reduced to mathematical problems and, hence, solve the problems better (Gill, 2022, p. 3); this is
an essential concept that allows a computational view of knowledge that truly inspires modern
viewpoints. Leibniz helped publicize Llull’s influence by inspiring people such as Gottlob Frege
in the field of formal logic. Gottlob Frege (1869) intended to create an elementary language that
would unify the previous languages that had already been established by Leibniz. Leibniz's work
was an important step in the creation of computing languages and Al development, all of which

are credited to the works of Ramon Llull.

However, the influence Llull's work had on Leibniz and Al development is not just what is
mentioned above, the most notable being that it also provided a basis through which Leibniz
constructed binary language as a universal language for computing. Llull used logic and
mechanical methods involving symbolic notation and combinatorial diagrams to relate all forms
of knowledge. This concept was applied by Leibniz, who, instead of using diagrams and symbols
like Llull, chose to use numerals that were simpler. By combing Llull's work with the inspiration
from Thomas Hobbes stated in his book (Leviathan, 1588, p121) that "when a man reasons, he
does nothing else but conceive a total from additional parcels or conceive a remainder from the
subtraction of one sum from another," Leibniz created the binary system, a numerical
representation that became the foundation for contemporary digital computers, distinct from the
concept of syllogisms in logic. The concept is that if you add two words together, you make an
affirmation, two or more affirmations make a syllogism, and many syllogisms make a

demonstration. The binary system, which consists of just two symbols (0 and 1), is the fundamental
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language of computers and is necessary for effective data processing and storing. This is an
important development for Al since it makes information manipulation and representation accurate
and effective. Al's foundational computational models and algorithms may be developed thanks
to the capacity to encode complicated information into binary form. Thus, a pivotal moment in the
development of computational theory and technology that had an immediate bearing on the

advancement of Al was the switch from Llull's combinatorial logic to Leibniz's binary system.

The contribution of Leibniz on symbolic logic and mechanical calculation made a line of
demarcation in the development of Al; before his work, humans were still in a state of exploring
the underlying logic, like exploring in a primitive forest, but he was like the first person to locate
with the North Star, pointing the way for upcoming traveler/researcher. After Leibniz, the history
knot of Al development is very close to the process of building the framework of a house on the
foundation he established, and the introduction of Boolean algebra by George Boole added one of
the final puzzles that was missing from Leibniz’s work. Boole’s work in the mid-19th century
showed how logical statements could be expressed mathematically using binary values (0 and 1),
which laid the foundation for binary arithmetic, was a significant advancement with its nature of
the on/off logic gate system, represents characters in the form of ones and zeros, thus simplifying

the design of computers and related technologies (Daniel, 2021, p. 9).

However, a few decades before Boole’s contribution, Charles Babbage had already designed the
Analytical Engine in the early 19th century and created the first mechanical computers, also a
puzzle that was missing from Leibniz’s work. Although it was never built due to high cost, its
detailed design provided the blueprint for what could have been the first mechanical computer.
The Analytical Engine was envisioned to calculate mathematical charts or tables with high
accuracy and in less time than manual methods (SciTech, 2021, p. 4). The machine was designed
to perform these tasks autonomously by changing its inputs, demonstrating early concepts of
programmability and automation. Despite not being constructed, Babbage's design included
components such as the mill (analogous to a modern CPU) and the store (analogous to memory),
which laid the foundation for future developments in computing. Ada Lovelace (1830), who
worked with Babbage at the time, was the first person to recognize the potential of a computer to
create art and display self-awareness. She also argued computers could learn, evolve, and achieve

humanlike intelligence in the future (Eva, 2021, p. 6).
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In the 20th century, with all the contributions from the predecessors, the formalization of the
principles of computation by Alan Turing and Alonzo Church put the final puzzles to make
Leibniz’s work fulfill its historical destiny. At that time, the background of studying mathematical
logic provided the essential breakthrough that made Al seem plausible. The possibilities and limits
of what could be accomplished with formal systems and algorithms were both proved by
mathematical logic. The Church-Turing thesis, which asserts that a Turing machine is capable of
performing every function that an algorithm can calculate, is an illustration of this; their thesis
suggests that by manipulating symbols, such as 0 and 1, in accordance with a set of principles, a
mechanical apparatus could imitate any imaginable process of mathematical deduction (Turing,
1936; Church, 1936). The Church-Turing thesis is vital because it proves that every algorithmic

process may be replicated by a computer in theory, paving the way for Al creation.

Al is the culmination of human multidisciplinary achievements. Through thousands of years of
underlying logical construction in philosophy, the continuous development of mathematics and
technology, and the exploration of the cyclical relay between historical figures, it ultimately
emerged at this stage of human civilization. From the whole timeline for the development of Al,
we can say that every theoretical or mechanical contribution, whether theoretical or mechanical,
has added a piece to the jigsaw of creating intelligent systems. Building on the ideas and
discoveries of earlier thinkers, from the Talos mythology to the philosophical underpinnings
established by Aristotle and subsequently codified by Gottfried Leibniz, Ramon Llull, and others,
has been the path toward the development of Al. By the 19th century, as the fields of logic and
mathematics advanced, George Boole laid the foundation for binary arithmetic, and around the
same period, Charles Babbage created the blueprint of the first mechanical computers with the
actual structure in detail. The advances made in symbolic logic and the development of mechanical
computers by early computer pioneers finally made computational theories from Alan Turing and

Alonzo Church possible.

1.4 Theory of Structuralism & Functionalism (Bridging the Gap between Mind and
Machine)

Theories from cognitive science and philosophy greatly influenced early attempts at Al In

particular, Structuralism and Functionalism provide foundational perspectives for understanding

how machines can model mental processes. It is necessary to reference them before moving
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forward. On the one hand, Structuralism emphasizes the importance of underlying structures—
such as logical relationships and symbolic representations—which align closely with how early
Al researchers conceptualized intelligent behavior. On the other hand, Functionalism focuses on
the roles or functions that mental states perform, which provides a philosophical justification for

treating machines as capable of "thought" if they perform appropriate cognitive functions.

In the following sections, we shall explore these two theories in detail. We will see the bridge they
built for the conceptual gap between the human mind and artificial systems and how they

influenced pivotal figures such as Alan Turing and John Searle.

Structuralism

As Al developed, it became evident that further understanding of the nature of the mind itself was
necessary in addition to technological developments in order to comprehend and replicate human
intelligence. Various theoretical stances, like structuralism and functionalism, emerged as a result,
offering fresh insights into the conception and advancement of Al. Between 1943 and 1956, the
fields of Al developed in close connection with more general philosophical trends, most notably
structuralism, which stressed the understanding of systems through their underlying structures
rather than their functions or processes. This means that in the context of Al, the formal, abstract
structures like logic and symbolic representations that support intelligent behavior should be the
main focus. McCulloch and Pitts' 1943 study established the foundation for future neural networks,
which suggested that brain activity could be described as formal logic (McCulloch & Pitts, 1943,
p. 118). This approach might be considered as an attempt to apply logical positivism to the brain,
modeling neurons as binary units inside a formal system. It was fundamentally structuralist,
concentrating on the underlying logical structures rather than the biological specifics of neurons.
A few years later, in 1948, Norbert Wiener released his work on cybernetics, which saw machines
and living things as control and communication systems governed by feedback loops (Wiener,
1948, p. 19). By highlighting the significance of underlying information processing mechanisms
in comprehending intelligent behavior, this viewpoint was consistent with structuralism. Six years
later, the development of symbolic Al, exemplified by the Logic Theorist program developed by
Allen Newell and Herbert Simon in 1956, further exemplified the structuralist approach (Newell
& Simon, 1956, p. 70). Symbolic Al sought to represent knowledge and reasoning through formal,

symbolic structures.
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Although structuralism concentrated on the underlying structures of cognition, with developments
in the technical aspects of mind design and advances in our understanding of the nature of the mind
itself, comprehending the operations and workings of the mind was just as crucial. This brings us
to functionalism, which provided a new paradigm for bridging the gap between mind and machine

and arose in opposition to structuralism.

Functionalism

Functionalism emerged as a response to structuralism, another school of thought in psychology.
While the latter focused on the structure of the mind, functionalism shifted the paradigm to
understanding the mind in terms of its functions; this meant analyzing how mental states arise from
the interactions between different cognitive processes and how these processes serve to guide our

behavior and interactions with the environment.

Interestingly, this approach to the mind resonated with the pioneering ideas of Ada Lovelace
(1830), who was often considered the first computer programmer. Lovelace, in her notes on
Charles Babbage's Analytical Engine, not only grasped the machine's potential for complex
calculations but also envisioned its ability to learn, evolve, and have the potential to eventually

attain intelligence like that of humans (Eva, 2021, p. 6).

The theory of functionalism developed in 1967 suggested that systems with appropriate functional
organization could, in principle, exhibit mental states and consciousness (Putnam, 1967, p. 3). The
theory suggests that mental states and processes can be structurally duplicated in the functionality
of the electronic hardware of a suitably programmed Al system (Nino, 2019, p. 4). According to
the theory, structural duplication can be achieved if a functional isomorphism is established
between an Al system and the human mind. Suppose the Al system can duplicate and not only
simulate the processes of the human brain. In that case, the Al system will be able to think and be
self-conscious, according to the functionalism theory. The identity thesis theory was introduced to
try and explain how the mind works and prove whether functionalism was correct. The identity
theory suggests that the human mind was to be identified with the brain and that mental states were
essentially brain states (Nino, 2021, p. 3). This meant that in the same way a machine could run
processes, then the brain is also a computer, with the mental states of the computer being its

physical states. The functionalism theory argues that just as with the brain-body relationship in
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humans, complex software programs can also display the same inherent capabilities of displaying
human-level consciousness and ability to think (Putnam, 1967, p. 6). In the early 1950s, Alan
Turing's works on Al aimed to prove that human consciousness could be modeled into Al through
proper hardware composition. Therefore, to understand the theory of functionalism further, we

will have to highlight the independent contributions of Turing and work on Al

1.5 Turing’s work on Al

The concept of Al gained significant momentum with the groundbreaking work of Alan Turing.
In his seminal paper "Computing Machinery and Intelligence," Turing proposed the now-famous
"Imitation Game" as a benchmark for a machine's ability to exhibit intelligent behavior
indistinguishable from a human. This test (see section 1.5.1), while not a definitive measure of true
intelligence, provided a crucial framework for evaluating and advancing Al capabilities, bridging
the gap between the theoretical and practical aspects of creating intelligent machines. Turing talked
about the architecture of the digital computer, that is, the idea of providing the model of the human
mind, even calling it "a human computer," he directly made the association between human
consciousness, the human mind, and the way computers have been modeled. Turing proposes that
a machine can show similar intelligence to humans, a proposition that has sparked debates among
various scholars (Turing, 1950). This proposition has led to the development of the philosophy of
Al, which is a branch that explores Al and its implications for knowledge and understanding of

intelligence, ethics, consciousness, epistemology, and free will.

Alan Turing is immensely acknowledged for cracking the code used in Nazi war communications.
In his publication (Turing, 1950, p. 1), he asked: "Can machines think?". His contributions earned
him recognition as the father of Al. At the age of 39 (Year 1951), he became a fellow of the Royal
Society for his achievements in computing and related mathematical theories. In 1952, he moved
to Manchester University, where he worked as a doctoral supervisor and consultant to a computer
company; the same year, he wrote a chess program, but the computer's computing power was too
low to run the program. He, therefore, imitated the program by playing chess manually with his
colleagues, spending half an hour on paper for each move, and in the end, it was his program that
was lost. Later, the Los Alamos National Laboratory in New Mexico, USA, wrote the world's first

working chess program based on his program.
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Turing's main concern revolved around the idea of whether Al or a machine can display general
intelligence. The 1956 Dartmouth conference developed the proposal that every aspect of
learning or any other feature of intelligence can be precisely described to a machine to make it
understand and simulate it. This theory supports the works of Turing, which included the Turing
test, designed to determine whether machines could behave intelligently. Turing infamous child
machine proposal, however, sought to accomplish the desirable characteristics of intelligence by
letting the machine grow and change over time rather than needing a perfect design-time
description of its behavior in every possible task. Instead of programming a machine with a vast

array of behaviors, learn like a human child through experience.
1.5.1 Turing test

With the help of straightforward, conversational inquiry and through a simple question about
conversation, Turing suggested a solution to the problem of defining intelligence, now known as
the Turing Test (Turing, 1950, p. 3). In this test, Turing suggested that if a machine can answer
any question by using the same words as a normal person would use, then the machine can be
described as being intelligent. Modern versions of the Turing test have been designed using chat
rooms whereby a natural person interacts with an Al system, and a program is made to run
through the chat room. If the program is unable to differentiate the real person from the Al system,

then it proves that the machine is intelligent and has passed the Turing test.

The limitation of the Turing test, as pointed out by Stuart J. Russell and Peter Nerving, is that his
test only seeks to prove the humanness of Al systems rather than their intelligence (Jake, 2022,
p. 3). In their writings, they state that aeronautical engineers do not define their goal of making
planes that fly like pigeons simply to fool those pigeons but rather to perform the task allocated
without any complications (Jake, 2022, p. 5).

For a machine to be defined as intelligent, it has to be able to maximize the expected value of a
performance measure based on experience and knowledge (Russell & Norvig, 2003, p. 36).
Making errors such as typing mistakes does not mean the machine is intelligent but rather has

human characteristics.

Al can be misleading for anybody with little or no knowledge of the topic since it alludes to the
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goal of designing a machine with independent thought. However, Al involves generating
algorithms and programs that let computer systems adhere to countless instructions while
executing their mandates. All these feats have been achieved in recent years with the
advancements in data processing power and the massive exploration and investment of big data.

The result is that computers can outperform humans in various disciplines.
1.5.2 Turing Universal Computers and the Halting Problem

In his 1936 paper, Alan Turing introduced the concept of a universal machine. He demonstrated
that a computer, with minimal operations and sufficient resources, could be Turing complete,
meaning it could simulate the actions of any other Turing machine. This universality hinges on

the ability to manipulate symbols based on a set of rules.

Turing claimed that when a computer can perform a certain bare minimum set of operations when
provided enough resources, it is universal because it can do anything that any other computer can
do (Turing, 1950, p. 2). Turing’s reference to the computer was to any machine capable of
processing instructions, which in his time referred to such a machine can perform similar
operations as it receives instructions in strings of ones and zeros and thus can process the
instructions similarly, provided the resources are similar rather than modern-day technologies like
mobile phones. Computers work by transforming binary code into valid instructions. The
resources refer to whatever the computer needs to transform the binary code into executable
instructions. Before 1936, all computers were designed for specific fixed functions; however,
through his work in formal logic, Turing devised a machine that could be reprogrammable to
perform any algorithm. The logical computing machinery, which was a theoretical argument,

provided the basis for modern-day computing.

Modern-day computers are ideally universal Turing computers because they are abstract
mathematical models that describe any computational logic that can be executed. The use of binary,
which had earlier been developed, has facilitated modern-day computers to input any type of data
in the form of strings of ones and zeros that every type of computer can process and thus provide

the same results.
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However, in 1936, Turing also solved the halting problem, devised by Alonzo Church, as a
fundamental limitation even for universal machines and a fundamental concept in computer
science (Turing, 1936, p. 2). It addresses the question of whether a given algorithm can determine,
for any arbitrary input and program, whether that program will eventually halt (terminate) or run
indefinitely. Formally, the halting problem can be stated as follows: given a description of a
computer program and its input, determine whether the program will eventually halt when run with
that input. Turing proved that a general algorithm could not solve the halting problem for all

possible inputs and programs.

Turing's proof is based on a clever contradiction. He built a program that, when given its
description as input, behaves in a way that defies the oracle's prediction based on the assumption
that such an algorithm—known as a halting oracle—exists. As a result of this contradiction, the
halting oracle cannot exist, as it would be illogical. The halting problem is important because of
its implications for the limitations of computation. It sets a basic limit to the computation
capabilities of computers and what computers can and cannot compute. It demonstrates,
specifically, that some issues are algorithmically undecidable, which means that no algorithm can

solve them for all possible inputs.

The halting problem has profound consequences for various areas of computer science, including
program verification, compiler optimization, and the theory of computation. Importantly, its
relevance has grown alongside the development of autonomous and superintelligent Al systems.
Scholars such as Elliott Thornley (2024) argue that the halting problem is conceptually related to
the modern "shutdown problem": the challenge of ensuring that advanced Al systems can be safely
interrupted or disabled. As Min et al. (2024) highlight in their work on frontier Al risks, self-
replicating and uninterruptible systems represent significant challenges to safe Al deployment. It
underscores the importance of understanding the limitations of computation and the boundaries of

what is computationally feasible.

1.5.3 Structural design of the Turing machine

The Turing machine is a mathematical model that is designed to represent an infinite tape divided
into cells on which input is given. The tape consists of a head, which acts as the input tape. The

state part stores the current state of the Turing machine. After reading an input symbol, it is
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replaced with another symbol, its internal state is changed, and it moves from one cell to the right
or left. The input string is accepted or otherwise rejected if the Turing machine reaches the final

state.

Read /write head
(moves in both directions)

h

—9 Finite control

The diagram shows the basic design of the Turing machine. The tape is used to simulate unlimited
sheets of paper for computation. The tape head is used as the input or output device. It reads and
writes onto a tape cell by moving either to the right or left. Input refers to the finite number of
symbols initially on the tape, whereas output refers to a finite number of symbols finally on the
tape. This symbol represents states that simulate the thinking of a natural human mind. The

computation process involves state transitions based on rules and input symbols.

The Turing machine is a five-tuple machine comprising of T = (Q,Y.,, 5,8, H) whereby Q is a
finite non-empty set which represents a set of states. The Q tuple is simply a register containing
values that determine the actual behavior of the Turing machine. ), is a finite set with at least two
elements and * € ), on the tape alphabet. The ), tuple represents an alphabet from which
symbols are drawn for use on the infinite tape on both directions. The tape is divided into equal
cells in which these symbols are input to represent data. However, the tape may contain finitely
many characters from * € ), which should also be consecutive. s € Q is the initial state, which
represents the point at which data starts getting input into the Turing machine. The read-and-write
head of the Turing machine is also the initial state. This head always points to a particular cell and
connects the tape Y. to the register Q. H S Q is nonempty set that represents the halting state.
H = {qacc, qrej} : 1s @ subset of Q and represents the state at which the Turing machine has finished
its operations. For example, when the machine is ready to accept input or has finished writing the

output, it goes into a state H, where it halts, prompting the user for more commands.
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6:(Q\H) X Y - Q X (¥ U{«&,=}) is the transition state. Once data is inputted into the Turing
machine through cells, the read and write head executes some operation, which is determined by
the transition state. The transition state ensures the tape head never falls off or erases as once data
is input, the tape head either changes its state or moves the read and write head to adjacent cells,

which changes the input value’s state.

1. qacc: Denotes the accepting state, indicating that the Turing machine has successfully
completed its task or computation. This state typically signifies that the machine has

reached a desired outcome or has accepted the input provided to it.

2. qrej: represents the rejecting state, indicating that the Turing machine has halted without
accepting the input or has encountered an error or condition that prevents it from
successfully completing its task. This state signifies rejection of the input or failure to reach

the desired outcome.

All five tuples are part of the set T representing the Turing machine. The Turing machine is
designed to never fall off the left end of the tape; when the machine indicates the left end symbol,
the machine responds by moving to the right. Similarly, the Turing machine stops when it reaches
an accept or reject state. For example, when the transition function is not defined for states of H,

which are the halting states.
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1.6 John Searle's work on Al

While the Turing test suggests a machine's ability to exhibit intelligent behavior indistinguishable
from a human, it doesn't necessarily tell us whether the machine is truly conscious or simply
mimicking human responses. This question has been the subject of much debate, with various

philosophers and scientists offering diverse perspectives.

John Searle argued that even if we assumed we had a computer program that acted exactly like a
human mind, it would still be challenging to determine whether the machine had consciousness or
a mental state (Andrew, 1996, p. 5). His argument was based on a thought experiment known as
the Chinese room argument, formulated in 1980, which has been a seminal contribution to the
philosophy of mind and Al (Searle, 1980, p. 3). Searle's thought experiment challenges the idea
that a computer program running on a digital computer can truly understand and possess
consciousness, even if it exhibits behavior that appears intelligent. Searle presents the argument
through a vivid thought experiment involving a person (referred to as the "man in the Chinese
Room") who lacks an understanding of the Chinese language but is provided with a set of
instructions in English for manipulating Chinese symbols. These symbols represent a conversation
in Chinese, with inputs and outputs mimicking dialogue between a native Chinese speaker and

someone who comprehends Chinese.

Despite the man's lack of understanding of Chinese, he can follow the instructions and generate
responses that are indistinguishable from those of a fluent Chinese speaker to an observer outside
the room. However, Searle contends that the man inside the room still does not genuinely
understand Chinese; he is merely following syntactic rules without grasping the semantics or
meaning behind the symbols. Searle's argument challenges the concept of "strong AlL" which
posits that a computer program running on a sufficiently powerful computer could exhibit true
understanding and consciousness. He asserts that genuine understanding and consciousness
involve more than just symbol manipulation; they entail subjective experience and semantic

understanding.

The Chinese Room argument has sparked extensive debate in philosophy, cognitive science, and
Al Critics have raised objections, including the possibility that collective understanding might

emerge from sufficiently complex systems (the "systems reply") (Churchland and Churchland,
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1990), that internal symbol manipulation could itself constitute a form of understanding (the "robot
reply") (Harnad, 2001), and that consciousness might arise at different levels of system
organization (Dennett, 1991). Nonetheless, the argument remains a foundational component of

discussions surrounding the nature of consciousness and the capabilities of Al

Searle developed two propositions that seemed to determine whether machines could have a mind,
consciousness, and mental state. In his propositions, he claimed there were two types of Al systems,

mainly strong Al and Weak Al.

In his proposal, he urged philosophers to consider a machine or computer program that passes the
Turing test and can demonstrate high-level performance (Andrew, 1996, p. 3). This program can
be subjected to a thought experiment whereby it is programmed to rewrite Chinese phrases to their
exactness. He questions whether the machine can do this and if that means it can understand
Chinese. He goes on to argue that actual mental state and consciousness are required to be

described as actual physical-chemical properties of actual human brains (Andrew, 1996, p. 4).

Gottfried Leibniz also made essentially the same argument as Searle in 1714, using the thought
experiment of expanding the brain until it was the size of a mill (Oscar,2019, p. 7). In

1974, Lawrence Davis imagined duplicating the brain using telephone lines and offices staffed
by people, and in 1978, Ned Block envisioned the entire population of China involved in such a
brain simulation. This thought experiment is called "The Chinese Nation" or "The Chinese
Gym". Ned Block also proposed his Blockhead Argument, which is a version of the Chinese
Room in which the program has been re-factored into a simple set of rules of the form "see this,
do that," removing all mystery from the program. Large language models work similarly to this
simplification in that they generate responses based on patterns they have learned from

enormous datasets and execute pre-defined instructions based on particular inputs.

John Searle's propositions defined strong Al as machines that have complex algorithms that help
them act in all kinds of situations, depicting self-intelligence (Andrew, 1996, p. 4). They can
process and make independent decisions, unlike weak Al systems, which are only able to simulate
human behavior. He argues that the Turing test was only able to distinguish weak Al from other

Al systems, while the Chinese Room test can be able to distinguish Strong Al from Weak Al.
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1.7 The Dartmouth Conference

However much discussion of Al could be traced to earlier roots, the concept of Modern Al stems
from its roots in the Dartmouth conference held in July 1956. The Dartmouth conference was a
proposed 10-man study that was carried out at Dartmouth College Hannover, New Hampshire
(McCarthy, 1956, p. 4). The main purpose of this conference was to find a machine language that
could help machines form abstractions from various levels of details in a given representation
language and formulate concepts that would help them solve problems more easily (McCarthy,
1956, p. 4). The conference was proposed by Claude Shannon of the Bell Telephone Laboratories,
Marvin Minsky of Harvard University, Nathaniel Rochester of the I.B.M Corporation, and
McCarthy of Dartmouth College. The conference would come to clarify the early works of Alan
Turing (1950) and Christopher Strachey (1951), who proposed the Turing Test and the checkers
program, respectively. The proposals concerned Ada Lovelace, who had earlier said that machines
could do everything except exhibit thought (Eva, 2021, p. 2)—the Turing test aimed to overcome
this objection and prove that machines could be original and creative. The conference's primary
purpose was to act as a brainstorming session for the invention of machines with the ability to
think like human beings; this was referred to as the boom phase that laid the basis of common Al

(Aggarwal, 2018, p. 8).
1.7.1 The aspects of Al were discussed during the Dartmouth conference.

During the conference, various aspects were highlighted as some of the limiting factors of Al and
also some of the factors that would boost the development of Al (McCarthy, 1956, p. 4). The lack
of utilization of the current use of automatic computers to create languages that would enable real-
life problem-solving simulations was the first key problem noted. This inability was further
supported by the inadequate storage space offered by automatic computers and speed that were

insufficient to simulate any higher function of the human brain.

Neural nets were considered the primary way computers can be programmed to use languages; this
proposal was brought about from previous works of Frank Rosenblatt (1958), who had invented
the first artificial neural network called perceptron (Bill, 2022, p. 2). The first primary
computational model of a neuron was proposed by Warren McCulloch and Walter Pitts (1943, p.
1). The model had two parts: the first (g) took inputs and performed aggregations, and the second
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part (f) made the decision. Neurons could be arranged to form concepts that would help in
admitting new words and, consequently, sentences by machines (Bill, 2022, p. 2). Though this
work was still hypothetical, it was concluded that more theoretical research had to be done to make
it a reality. This proposal was to arrange hypothetical neurons in a manner so that they can form
concepts and thus be able to act intelligently in solving the said problems. First, simulating higher
functions of the human brain would enable coding these functions into computers. Another aspect
discussed was the formulation of a way to determine a way of measuring problem complexity and
thus help AI act on the problem more intuitively based on the severity of the said problem.
Machines designed for the future were proposed by Minsky (1951) to have the ability to self-
improve through generalized learning to enable them to adapt to any field and problem (Jorgen,
2019, p. 4). Abstraction was proposed, which meant that it dealt with based on the quality of ideas
rather than the event itself. For example, programming a machine to put out a fire in the case of a
fire outbreak is not as effective as designing a machine to adapt to certain places, access the
location, and prevent fire outbreaks by coming up with solutions to avoid fire outbreaks. Another
aspect of Al was how to enable the randomness and creativity of machines (Jorgen, 2019, p. 3). It
was stated that the difference between creative thinking and unimaginative competent thinking lay
in the injection of randomness. Randomness, when guided by intuition, would be effective in
making sure that machines were able to make educated guesses and hunches that would help them

solve problems better.

1.8 Impact of Dartmouth Conference

During the first Al conference at Dartmouth College, McCarthy (2007) defined Al as the science
and engineering of making intelligent machines, especially intelligent computer programs, and
persuaded other attendees to accept it as the field's name. The name was eventually chosen to avoid
associations with cybernetics and connections with the influential cyberneticist Norbert Wiener
(McCarthy, 1956). The Macy Cybernetic Conference (1946-1953) was the interdisciplinary
scientific meeting held in New York that aimed at promoting research in computer science,
electrical engineering, and Al, more so in robotics. McCarthy claimed that every aspect of learning
or any other intelligence feature could, in principle, be described in a way that would enable
machines to simulate it (McCarthy, 1956, p. 4). On the other hand, Shannon proposed using

information theory concepts in computing machines and brain models. This concept would help
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in the transmission of information through noisy channels and thus help machines solve problems
easier. He also proposed the matched environment theory, which was a brain model that stated that
machines and animals can only adapt or operate in limited environments. Rochester proposed that
for effective machines to be realized, the design had to be original in that the machines would be
allowed to form their abstractions and concepts of how to deal with each problem. He claimed that
even if the randomness of machines would initially lead to chaos of outputs, the machine would
still be able to formulate a forbidden instruction or a stop instruction that would help it deal with
the problem better. The numerous theories developed on Al expanded the concept of Al to the

point the thought of achieving human-level intelligence was realized.

1.9 The pandemonium

The theory of pandemonium architecture was developed by Oliver Selfridge (1959). The
pandemonium pattern recognition model is often cited in the present information processing model
involving perceptual detection and cognitive identification of a stimulus (Richard, 2020, p. 7). The
theory describes the process of object recognition by machines through a hierarchical system of
detection and association. It is a cognitive science that describes how visual images are processed
by the brain. Pandemonium was one of the first computational models in pattern recognition that
helped significantly in the development of Al (Richard, 2022, p. 4). Selfridge's theory attempted
to explain how to recognize patterns through the use of the template-matching model, a theoretical
framework proposed by Selfridge in the 1950s. This model attempts to explain how the human
brain recognizes patterns by comparing incoming sensory information to a set of stored templates
or prototypes. This same model would be used by matching to identify patterns and thus react
accordingly to the problem. However, it was highly unlikely that templates would be stored for

each variation of a stored template, making the theory highly flawed and thus very criticized.

The Core of Pandemonium comprises a network of specialized processors called "demons," each
dedicated to a specific stage of recognition (Selfridge, 1959, p. 4). Demons respond differently to
specific aspects of a perceived stimulus. They do this based on the degree to which one or more
aspects of the stimulus appear to match the specific feature being monitored. The more the
perceived feature or stimulus is monitored, the more active the feature demon will become.
Cognitive demons, in turn, monitor the activation of feature demons and match them to the

specified criteria. Whereas feature demons respond to curves and lines, cognitive demons are
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designed to react to elements such as letters and numbers. The more active a feature demon is, the
more active the consequent demon will become. In addition, decision demons monitor the
activation of cognitive demons and selectively discriminate between them by presenting the most
active cognitive demon to consciousness. This model, however flawed, led to the result of feature
detection models that significantly helped machines adapt and thus increase their problem-solving

capability.

The model essence is based on the fact that our perceptions and thoughts derived from this
perception are fundamentally expressions of relatively greater activation ratios among some
specialized information-processing parts of the body, such as the mind, eye, ears, and skin
(Selfridge, 1959, p. 3). In other words, when humans are exposed to stimuli either by hearing
something, touching something, or seeing something, they become aware of it based on the
intensity of their activation concerning each other at any given time. They then form multiple
perceptions; the more active the given perception or thought, the more it is incorporated into that

moment's conscious experience.

The pandemonium concept is modern and is being applied by big data companies to identify
patterns in data. It continues to be a foundational and fruitful concept in the cognitive sciences and
psychology. The model has been used in other models, such as Raven's Eye (Smith, 2020, p. 83)
and deep learning processes (Goodfellow, Bengio, & Courville, 2016, p. 140). Raven's Eye utilizes
the principles of pattern recognition and projection to help us better isolate and discriminate
between those influences arising from the raw stimulus and those being influenced by the
particular subjectivity that experiences it (Smith, 2020, p. 83). Deep learning resembles the earlier
pandemonium concept developed by Selfridge, which uses algorithms conceived as artificial
neural networks to identify patterns in data (Bjork, 2018, p. 4). The pandemonium project was
among the first leading projects that proposed that Al computer programs could implement
connectionism. Connectionism theory holds that intelligence in machines arises from weighted
connections between simple processing units communicating in parallel (Meddler 63— 65). The
connectionist archetype is a biological neural network in which neurons excite or inhibit other

neurons by sending chemical or electrical signals across the synapses that connect them.

Later on, in the same year (1956), Allen Newell, Herbert Simon, and J.C. Shaw developed the
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first-ever running Al program and named it the Logic Theorist (Leo, 2006, p. 4). The program
transformed a problem into a tree model and then analyzed the branches that were more likely to
lead to correct conclusions based on the problem at hand. A tree model uses a decision tree to
represent how different input variables can be used to predict a target value and solve regression
problems as well as classification problems (Leo, 2006, p. 5). The answer to the problem was then
sought in this branch. The logic theorist program was the first working program designed to
perform automated reasoning programs and acted as an important milestone in the history of Al
development for the public. Later on, in 1957, Simon and Newell developed a new program called
General Purpose Solver (GPS). The main aim of this program was to apply the feedback principle

of automatic control to solve some common-sense problems.

The Lisp (List Processing) Programming language was developed by McCarthy in 1958 and was
used as the main programming language for many Al developers up to the 21% century (Andrew,
2019, p. 2). The language was well-suited for the development of AI and thus served as a
framework for the development of Al In 1959, IBM produced a program for solving geometric
theorems through its established Al department under Herbert Geller (1959) (Andrew, 2019, p. 3).

The program could solve many high school geometry problems.

The main arguable government funding for AI research was granted to the prestigious
Massachusetts Institute of Technology (1963). The grant of 2.2 million from the United States
government was focused mainly on machine-aided recognition. The funding was provided by the
Advanced Research Projects Agency (ARPA), which is the same department that invented the
Internet, to keep the United States competitive with the Soviet Union in Al technology (ARPA).

In 1962, Frank Rosenblatt designed the Mark 1 Perceptron, drawing the idea from a neural network
designed by McCullen and Pitts. In the same decade but seven years later, Marvin Minsky and
Seymour Paper published Perceptron's paper (1969), which is a hallmark of the idea of the neural
network. The neural network was majorly applied in the 1980s in Al applications, the emergence
of practical technology (expert system) aimed at inputting all human knowledge in a certain field
into a computer-enabled machine to be more adaptable to certain problems and solve the issues.
The expert system was the computer that simulates judgment, behavior, and experience in a

specified field but cannot exactly replace human experts but only complement them; the invention
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of this so-called expert system revived the hope for realizing human intelligence level in machines

that had been diminishing since the boom phase of Al nearly 20 years ago.

Japan's fifth-generation computer research and development program was organized by Fujitsu,
NEC, Hitachi, Toshiba, Panasonic, Sharp, and eight other major Japanese computer and electronics
companies to collaborate. 1979 began a two-year feasibility study to assess the practicality and
potential of developing advanced Al capabilities in computers. This study laid the groundwork for
the program, which was officially launched in 1982. The entire program was expected to last ten
years, with a budget of $800 million. The goal of the program was to improve the design of
computers, most notably by giving them Al capabilities. Using Prolog as the language, it was
claimed that it would have auditory, visual, and even gustatory capabilities, be able to apply natural
language well, recognize objects, and read graphics and text. They could not exactly achieve next-
level human intelligence and thus sought to make a machine that could exhibit human capabilities.
They later invited the US government in 1982 and other countries to officially announce the
program, a move that caused a strong reaction in the West. Other countries took measures to
develop corresponding development programs to cope with this development. As a result, the
programs developed by the US government and the British government were the Microelectronics

and Computer Technology Cooperation Project and the Alvey program, respectively.

In 1997, Deep Blue, IBM's chess-playing supercomputer, outclassed the then world chess
champion, Garry Kasparov, including in a rematch. In 2011, IBM's Al master class was yet again
demonstrated when Watson beat both Ken Jennings and Brad Rutter at 'Jeopardy.' In 2015, the
Minwa supercomputer of Baidu performed a convolutional neural network using a one-of-a-kind
neural network to identify and categorize images that are more accurate than the average human.
In 2016, the Alpha Go Program of Deep Mind, also powered by the deep neural network, obtained

a crucial victory over the Go Player, the world champion then.

The rise of the Internet and big data and the direct cause of deep learning theory technology saw
the climax of Al as they facilitated better resources that had been previously lacking in the earlier
development of Al. Big data refers to a new form of data analysis. The traditional way of data
analysis is to analyze a small amount of sampled data, let people analyze the laws, find out the

causes of such laws according to logical reasoning, determine the universality of such laws, and
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use them to guide future behavior. The analysis of Big Data is different in that instead of deducing
the correctness or incorrectness of the result based on the cause, the correlation is determined
based on the statistics of a large amount of data, but this analysis does not know the cause of that
correlation. Because the amount of data generated by some actual situations is so large and
complex, and the speed of data generation is so fast that it is difficult or too late for humans to
analyze the cause-and-effect relationships, big data analysis is often very effective. Because
computers are not good at rigorous logical reasoning but are good at statistics of a vast amount of
data, big data analysis is very suitable for computers and can produce the same results as our

human reasoning, so it plays a very important role in Al

On the other hand, deep learning was developed from the artificial neural network algorithm in
the 1980s (Ed Burns, 2022, p. 7). The artificial neural network is the input and output of multi-
layer data, which simulates the way of thinking of the human brain, and the laws are abstracted
from the data by the multi-layer network so that the computer can learn. Here, it adopts the idea
of big data to find out the laws from the statistics of a large amount of data (Ed Burns, 2022, p. 3).
However, due to computers' limited computing and data storage capacity at that time, processing
large amounts of data wasn't easy. Because the Internet had not yet been developed, obtaining a

large amount of data was challenging, so the effect of neural networks was not ideal.

Since its inception, there has been no standard definition of Al concerning the present and future
context. However, that is not considered a problem since most scientific models get their
definitions after completion due to the complexity of the Al models. Besides, the lack of definition
thereof should never imply that the research on the field should stall, considering the gradual
innovations and the interests shown by scientists in the field (LeCun et al., 2015, p. 4). Regardless,
it is still not easy for policymakers to determine what Al systems will do soon and how the field
may turn out to be then. No common framework has been settled on to determine which kinds of
Al systems are desirable (Bhatnagar et al., 2018, p. 1). Monett and Lewis (2018) also assert that
theories of intelligence and the goal of Al have been the source of much confusion both within the
field and among the general public. When the term was first coined, various researchers embarked
on the study and formulated a series of theories and proposals that touched on the concept of Al
(von Neumann, 1958). However, the discipline of Al is more based on the thoughts of McCarthy,
Minsky, Newell, and Simon. The three attended the famous 1951 Dartmouth conference and
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further proceeded on to establish three leading research centers that promoted the school of thought
behind Al several years later. To date, the conference is regarded as the cradle of Al. Sponsored
by the Rockefeller Foundation, the Dartmouth conference earmarked the beginning of Al, which
would be a game changer in every sector of the economy, politics, and society. This difficulty in
maintaining healthy progress stems from the divergence in foundational views on what Al should
achieve and how it should be assessed—an issue that persists despite the shared vision established
at the Dartmouth Conference. It is extremely tough for the field of Al to maintain healthy progress due

to the divergence in opinions and lack of standard evaluation criteria (Hernandez-Orallo, 2017, p. 4).

1.10 Potential issues with Al

Turing's example is a good warning that it is hazardous to make AI more ethical by setting our
morality in Al software. He was prosecuted because homosexuality was viewed as morally
repugnant and criminal at the time (Hodges, 2014). However, views in society have changed
dramatically in the modern era; there are even voices from the LGBT itself suggesting that the
treatment of the LGBT community has been overcorrected, as they are treated as a privileged
group rather than being treated equally, which may harm this group again as the human world
turns towards conservatism. This comment is from an anonymous bisexual person in China. In his
view, because the history of homosexuality in China is very long, with thousands of years of
historical records, and there are few illegal periods, Chinese people do not need to complete
atonement for homosexual groups like other countries that once regarded homosexuality as illegal
or even criminal, and Chinese homosexual groups do not want to be labeled. They can always live
like normal people, and no one bothers them. They are treated equally as ordinary people. In his
understanding, this is true equality of rights. However, when people with the intention try to
reverse the operation and demand that ordinary Chinese people who have been tolerant of
homosexual groups throughout history must pay attention to homosexual groups as much as
countries that had or are still committing atrocities against homosexuals, the Chinese people will
be completely unable to understand, because most of China's thousands of years of history has not
regarded homosexuality as a crime like other major countries in the world today, such as Britain,
France, Germany, the United States, Russia/Soviet Union, India, and Islamic countries (Hinsch,
1990). Almost 200 years ago, during a period marked by military defeats and national decline,

China fell into semi-colonialism and semi-feudalism. At that time, many Western missionaries
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entered CHINA when Chinese civilization was arguably at one of its most vulnerable points in
history. As foreign cultural influence reached its peak, Chinese culture was subjected to a lot of
internal questioning from various perspectives at that time, and there were even internal calls to
abandon the Chinese language, which had been used for millennia. Even countries around the
Chinese cultural circle were also experiencing cultural collapse, such as Japan, which is deeply
influenced by the Chinese cultural circle; countries, where homosexuality was not illegal with
almost a thousand years of history, switched to the criminalization of homosexuality after being
influenced by Western culture during the Meiji period (Pflugfelder, 1999). However, the Chinese
government did not adopt policies targeting homosexuality in the way Japan did despite this
pressure; although political regimes frequently changed, no legitimate government during that
turbulent era enacted laws criminalizing homosexuality (Hinsch, 1990). Now that China has once
again emerged on the global stage, which led to the majority of Chinese people do not feel that
they need to accept what guidance they can get from countries or civilizations that do not even
have a clear or longer history than their own history of homosexuality in their own history books
in this regard, because Chinese people are very clear that civilization without its own heritage is
easy to swing in the tide, it is even less likely to yield to external cultural pressures on such matters
while CHINA is coming back to its prime time. This suggests that ethics and morality are
historically contingent and culturally specific (Wong, 2006). What is considered moral at a certain
time and place cannot be separated from the context and institutions that produce it. Al, by contrast,
does not have a morality of its own; it merely encodes the values we give it (Bostrom, 2014;
Russell, 2019). If those values go unquestioned as time passes, an Al system could replicate
judgments that no longer reflect current ethical standards. The history of Japan is a great example
that has shown us that ethics and morality are often unreliable, and what is considered moral at a
certain place and time cannot be extricated from its context, culture, and the national and
authoritarian institutional structures in which it has become the 'norm' (Pflugfelder, 1999). Once
the software is put into use, it may be used for a long time, while the morality change is often
subtle. If morality is artificially set in software, the likely scenario is that when our morality
changes in the process, no one will think to modify the software, thus causing the Al to do immoral

things.

The modern iteration of Al is owed to Alan Turing (1950) and a conference at Dartmouth College

in 1956 (McCordick, 2004, p. 3), who used the term "AI" as the science and engineering of making
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intelligent machines. One of the initial paradigms of Al revolved around high-level cognition.
Initially, AT was designed to partake in multifaceted steps in reasoning, comprehending the
meaning of natural language, designing innovative ideas, and setting plans to achieve goals
(Langley, 2011, p. 4). Kurzweil (2005) describes this kind of human superintelligence as strong
Al Strong Al's central idea involves creating systems with power and adaptability similar to
human intelligence, enabling them to perform any intellectual task a human can (Searle, 1956, p.
4). Intelligent behavior must be fitted with the ability to interpret and manipulate symbolic
structures. However, a considerable number of Al branches are withdrawing from this approach
since it is no longer flexible to the technological requirements of 2021, and several organizations
are still weighing in on the prospect of making a strong Al a reality in the contemporary
technological world. If we want to distinguish between weak Al and strong Al, it is imperative to
learn how machines interact with humans (Wolfe, 1991, p. 4). Wolfe further differentiates rule-
based decision-making, where the machines adhere to the rules created by the developers and the
rules that align with decision-making. Rule-based decision-making aligns with weak Al, whereas
rule-following decision-making, such as the Neural Network, aligns with strong Al. The latter
allows algorithms to learn from them. Al has undergone tremendous changes since its adoption in
the 1950s, as Russell and Norvig (2020) explain. However, from 2010 onwards, Al has drastically
improved considerably based on computers' computing power and access to large quantities of
data (PWC, 2019, p. 2). The improvements are attributed to three major milestones, including the
introduction of a more sophisticated class of algorithms, low-cost graphics processors capable of
executing greater calculations with greater speed and accuracy, and the availability of colossal,
correctly annotated databases that allow more sophisticated learning of intelligent systems (PWC,

2019, p. 3).

McCarthy notes that just as much as Al is designed to perform tasks similar to human intelligence,
they do not require any biologically observable methods to perform its tasks. He further notes that
while Al may be about observing people, it is designed to observe the real challenges the world
presents to intelligence in some circumstances. Thus, it might be inclined to respond differently to

tasks based on intuition.

Al is primarily designed for two main goals: scientific and engineering. The scientific goal is to

understand how intelligence is used as a general property of systems, while the engineering goal
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is to design machines and computer systems based on this understanding (Moravec, 2000, p. 9).
Many of the accomplishments of Al are desirable in their context, but the benefits result from
human intelligence. Nowadays, in the healthcare industry, Al systems are able to evaluate patient
data and offer diagnostic suggestions; nonetheless, these systems rely on human medical
knowledge and experience as their basis. Al in transportation also depends on algorithms and
technology created by human scientists and engineers, such as self-driving automobiles. As such,
whereas Al presents novel approaches and efficiencies, the development and application of these
technologies are ultimately motivated by human intellect. Humans, therefore, through AI, have

devised effective ways of solving day-to-day life problems.

However, if left untamed, the systems tend to improve their capabilities, which may eventually
exceed human understanding and control, despite the establishments already in place, such as the
Center for Existential Risks (CSER) in Cambridge. Unsurprisingly, if strong structures are not
quickly developed to prevent the systems from going out of control, then the future of humanity is
bleak. Thus, researchers are recommended to take complete control and devise ways to manage

Al

The dangers associated with Al include the systems being programmed to do something malicious
and the Al being programmed to do something beneficial but undertaking a destructive activity in
the process. A notable example hypothesized by philosopher Nick Bostrom illustrates how an Al
programmed to manufacture paperclips could potentially harm humanity by consuming all
resources to maximize its goal; it has been called the 'paperclip problem' (Bostrom, 2014;
Hillemann, 2022). If not managed, some of the risks associated with Al include security and
privacy threats, job automation and disruption, autonomous weapons, malware, and fake news.
Regulators always determine the future of Al since they can accurately determine whether or not
it should be incorporated into our day-to-day lives. Undertaking expansive research is the initial

step to ensuring the program is appropriately managed and not misused.

Some of the potential issues associated with Al will further be discussed in the following sections
of'this chapter when we introduce the different types of current Al systems and Intelligent Systems,
and the rest of them will be present in other chapters of the thesis, including Automation-spurred

'

job loss, Privacy violations, 'Deep fakes,’ Algorithmic bias caused by insufficient data,
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socioeconomic inequality, Market volatility, and Weapons automatization; this will further be
discussed in the thesis as we seek to know how best to manage each risk based on the works of
previous philosophers concerning Al and the development and structure of Al. Understanding Al
at its core will better enable us to govern it better. From the earlier highlighted risk, the question
arises of whether Al technology should be regulated. Regulation is considered a necessary means
to encourage the development of Al and manage associated risks. Regulations by organizations
should create and deploy a trustworthy system that will make AI more trustworthy and take
accountability to mitigate possible risks associated with Al. Regulations have the potential to
ensure that Al has a positive and not adverse impact on our lives. We turn to these issues of

regulation and governance in the next chapter.

1.11 Types of Al Systems

Al is undoubtedly one of the most remarkable creations of humankind. However, this area is still
unexplored, and almost all Al applications we use today are just a drop into the ocean. Scientists
are constantly working to ensure that modern innovations benefit humanity. Although this fact has
been mentioned and repeated many times, it is still difficult to comprehensively assess the potential
future impact of Al. The reason is the revolutionary impact of Al on society, even at a relatively
early stage of evolution. Al's rapid growth and powerful capabilities have made people think about
the inevitability of Al acquisitions, which is an idea of Al "taking over" or "acquiring" roles and

responsibilities traditionally held by humans.

Additionally, the transformation brought about by Al in a variety of industries has led business
leaders and the general public to believe that Al research can reach its peak and unleash its full
potential. However, understanding the types of Al possible and the types that exist today can
provide a clearer picture of existing Al capabilities and the long journey of Al research. Because
Al research aims to get machines to mimic human functions, the degree to which Al systems can
replicate human capabilities serves as a criterion for defining types of Al. Therefore, Al can be
classified as one of several types of Al based on how it compares to humans in terms of versatility
and performance. In these systems, Als that can perform more human functions with an equivalent

skill level are considered more advanced types of Al
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In contrast, Als with disabilities and capabilities are considered more straightforward and less
advanced types. There are two main ways to classify Al based on this criterion. One type is based
on the classification and support of Al machines based on their similarities to the human psyche
and their ability to "think" and possibly "feel" like humans. According to this classification system,
there are four Al- or Al-based systems: reactive machines, machines with limited memory, theory

of mind, and self-conscious Al (Marr, 2025). The types of Al are further explained below.
1.11.1 Reactive Machines Al

Most of these types of Al systems are reactive and cannot use past interactions or environmental
inputs to form memories or inform actual decisions. "Reactive" systems relate to Al systems that
are designed to respond in real-time to changes. Meanwhile, "Determination" refers to a system's
capacity to generate the same outcome from the same input. At its core, determinism is a
remarkable characteristic that enables an Al system to remain steadfast and unwavering, regardless
of the sequence of operations. More specifically, even with the operations being carried out in
different impacting sequences, the whole system can still produce the same output with the given
input and set of conditions. A deterministic Al system is predictable and consistent, which means
that, given its inputs and algorithms, it can be used to understand and predict its behavior. As they
offer a consistent and predictable manner of reacting to environmental changes, Al, deterministic
algorithms, and models are frequently utilized to make real-time judgments in changing contexts.
An example of this type of Al is Deep Blue, IBM's chess supercomputer that defeated international
grandmaster Garry Kasparov in the late 1990s (Higgins, 2017, p. 4).

Deep Blue and Kasparov met in two different periods. In its first match on February 10, 1996,
Deep Blue became the first machine to defeat current world champion Garry Kasparov in regular
chess time control. However, in the next five matches, Kasparov defeated Deep Blue 4-2 to record
three wins and two draws. The game ended on February 17, 1996. Afterward, Deep Blue was
refreshed and replayed with Kasparov in May 1997, winning a six-game rematch that ended on
May 11. Kasparov made a mistake in the opening, and as a result, Deep Blue became the first
computer system to defeat a world champion in a match using standard time control in a chess
tournament (Spicer, 2020, p. 3). The Deep Blue chess computer, which beat Kasparov in 1997,

typically searched for 6, 8, 20, or more moves in depth under certain circumstances. According to
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great chess players, one extra move (half move) increases play intensity from 50 to 70 Elo points.
Deep Blue can identify pieces on the chessboard and understand how each piece moves. It can
predict what it and its opponent will do next so that it can choose the best move possible. However,
it has no thoughts of the past and no memory of what happened before the move. Except for the
rarely used chess-related rule that forbids repeating the same move three times, Deep Blue ignores
everything that has ever happened. All he does is look at the pieces on the chessboard as they are
and choose from the next possible moves. Reactive Machines intelligence assumes that computers
perceive the world directly and do what they see without relying on internal concepts of the world.
Rodney Brooks (1986) argued in his book Reliable Multilevel Control System for Mobile Robots
that only such machines should be built. His critique is based on the fact that humans aren't very
good at programming precise simulation worlds for computers or what Al science calls
"representations" of the world. The modern intelligent machines we own today either have no such
conception of the world or have a very limited and specialized view of a particular task. Deep
Blue's design innovations are made specifically to narrow the horizons so as not to take potential
future actions based on the way results are judged. Without this ability, Deep Blue would have had

to be a much more powerful computer to defeat Kasparov.

Similarly, Google's AlphaGo, which has overtaken leading Go experts, is not evaluating all
possible future moves. According to Chen (2016), Google's AlphaGo program gained popularity
by winning and engaging in Go matches using strategies developed by contemporary human
players. The analysis method is more complex than Deep Blue, which uses neural networks to
analyze game development. While these technologies enhance the ability of Al systems to play
certain games better, they are not easy to modify or adapt to other situations. These computerized
representations are ignorant of the wider world, which means that they cannot function beyond the
specific task assigned to them and are easily deceived. They will not be able to participate
interactively in the world as we can one day imagine Al systems. Instead, these machines behave
the same whenever they are faced with the same situation, which can be very useful for ensuring
the robustness of Al systems. We want autonomous vehicles to be reliable drivers. However, such
rigid behavior becomes a limitation when the goal is to build Al systems that can engage with
dynamic environments, learn from new experiences, and adapt their responses in real-time — as
true interaction with the world requires flexibility, context awareness, and the capacity to revise

internal models based on change.
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1.11.2 Limited Memory

Limited Memory Al machines can see the past. They can store historical data and use it for more
accurate predictions. For example, some self-driving cars are already equipped with this feature.
They can track the speed and direction of other vehicles. All of this involves dynamic movement,
the process of identifying a specific object and observing it over some time. These observations
add to pre-programmed images of the world of autonomous vehicles, including lane markings,
traffic lights, and other important elements such as road bends. It turns on to determine when to
change lanes in order to avoid colliding with other drivers or nearby vehicles. However, this simple
information about the past is temporary. It is not stored as part of a library of car experiences for
human drivers to learn how to gain experience over the years. It isn't easy to build Al that can
represent and learn from the full range of past experiences in a meaningful and generalizable way.
There are three main types of memory-constrained machine learning models: reinforcement
learning, long-term, short-term memory (LSTM), and evolutionary generative adversarial

networks (EGANS).

Reinforcement learning models learn to make more accurate predictions through many cycles of
trial and error. RL is a kind of machine learning in which intelligent agents must act in the
environment to maximize the idea of cumulative rewards. This model is used to teach computers
how to play chess, go, and DOTA2. In addition to game theory, RL has applications in fields
including, but not limited to, control theory, operational research, information theory, simulation-
based optimization, multi-agent systems, swarm intelligence, and statistics. Control Theory deals
with the control of dynamic systems of engineering processes and machines. The goal of the theory
is to develop a model or algorithm that controls the application of system inputs to bring the system
to the desired state while minimizing delay, overshoot, or steady-state error and providing a level
of control stability. Such models or algorithms generally aim to achieve some degree of optimality
(Bennet, 1992, p. 4). Operational research is a field concerned with the development and
application of advanced analytical techniques to improve decision-making. Because this area is
focused on practical application, it is important when you need to determine the extremes of some
real-world goal, i.e., the maximum, such as profit, performance, profitability, or the minimum,
such as loss, risk, or cost (Taha, 2011, p. 6). Information theory is the scientific study of the

quantification, storage, and transmission of digital information. This area was based on the work
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of Harry Nyquist and Ralph Hartley in the 1920s and Claude Shannon in the 1940s (Giannini et
al., 2019, p. 6). This area lies at the intersection of probability theory, statistics, computer science,
statistical mechanics, information engineering, and electrical engineering. Simulation-based
optimization, or simply simulation optimization, combines optimization techniques with
simulation and analysis. Evaluating the objective function can be difficult and expensive due to
the complexity of modeling (Fu et al., 2015, p. 6). The underlying simulation model is generally

probabilistic, so the objective function must be estimated using statistical estimation techniques.

Another important area connected to reinforcement learning and decentralized intelligence is the
development of multi-agent systems. A multi-agent system is a computer system composed of
many intelligent agents interacting (Hu et al., 2021, p. 8). Multi-agent systems can solve problems
that are difficult or impossible to solve on a single-agent or monolithic system. Intelligence may
include organizational, functional, and procedural approaches, algorithmic search, or
reinforcement learning. Swarm intelligence (SI) includes the collective behavior of distributed,
self-organized systems, whether natural or artificial (Hu etal., 2021, p. 4) 1. The concept introduced
in 1989 by Gerardo Beni and Jing Wang in the context of cellular robotic systems is being used in
Al tasks. The application of swarm principles to robots is called swarm robotics, whereas swarm
intelligence refers to a more general set of algorithms (Sole et al., 2016, p. 3). Herd prediction has
been used in the context of prediction problems. Approaches similar to those proposed for swarm
robotics are being considered for genetically modified organisms in synthetic collective
intelligence. Statistics include data collection, organization, analysis, interpretation, and
presentation (Romyjin, 2014, p. 2). When applying statistics to scientific, industrial, or social
problems, it is imperative to start with the statistical population or statistical model you need to

study.
1.11.3 Theory of Mind

Future machines in their advanced stages are projected to represent other agents or entities of the
world. In psychology, the theory of mind means that people, beings, and objects in the world can
have thoughts and feelings that influence their behavior. Theory of mind refers to the behavior of
others, such as statements and expressions, and is the only one directly observed (Premack et al.,

1978, p. 5). Since the mind and its contents cannot be directly observed, it is necessary to conclude
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the existence and nature of the mind, which is very important to how we have shaped society
because it allows us, humans, to have social interactions. The theory of mind believes that each
person can intuitively understand the existence of their mind only through introspection. Since no
one has direct access to the mind of another, it can be assumed that the other has a mind. A work
can only be inferred from the observations of others. Working together without understanding each
other's motives and intentions and without considering what someone knows about you and the
environment is complex at best and impossible at worst. For Al systems to become an integral part
of humanity, we must understand that each of us has thoughts, feelings, and expectations about

how we will be treated. And you have to adjust your behavior accordingly.

In the world of Al, the Computational Theory of Mind (CTM), or simply the computer approach,
explains that the human mind is an information processing system, and cognition and
consciousness together are a form of computation. Warren McCulloch and Walter Pitts (1943)
were the first to present a computational model of a neuron. Their model described neurons as
binary devices that were either on or off and demonstrated how the collective activity of neurons
could perform complex computations. This idea enabled the study of Al and cognitive computing,
such as the construction of artificial neural networks. According to them, neural computing
describes cognition, that is, cognition, mental action or process that acquires knowledge and
understanding through thoughts, experiences, and emotions (Stepanova et al., 2021, p. 7). The
Computational Theory of Mind states that the mind is a computing system implemented by neural
activity in the brain. Theory can evolve in many ways, and it largely depends on how you
understand the term "compute." Calculations are generally understood in terms of Turing machines
that manipulate symbols according to rules along with the machine's internal state. An important
aspect of these computational models is that they can be abstracted from the specific physical part
of the machine that performs the computation with universality. For example, suppose you have a
set of outputs based on internal state and input manipulations performed by rules. In that case,
those calculations can be implemented using silicon chips or biological neural networks. Therefore,
CTM believes that the mind is a computing system, not an analogy of a computer program. So,
when designing Al systems to think like humans, you need to understand that each person has

different wants to feel and the way they want to be treated, so machines must adapt to these changes.
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1.11.4 Self-awareness

Self-awareness is the final stage of advances in Al, namely the creation of systems capable of
forming images of themselves - a conscious machine. This phase represents an extension of the
theory of mind inherent in Type III Al (this is a hypothetical extension beyond Type II, which is
General Al It would involve Al systems not only possessing human-like cognitive abilities but
also surpassing human intelligence in various aspects.). Consciousness is also called "self-
awareness' because conscious beings can be aware of themselves, understand their inner state, and
predict the feelings of others. When someone is standing behind us and lining up, we appear angry
or impatient. Without a theory of mind, it would be difficult to reach these conclusions. We're
probably far from creating self-aware machines. Still, we should focus our efforts on understanding
memory, learning, and our ability to make decisions based on past experiences (Regia, 2013, p. 4),
which is an important step toward the self-understanding of human intelligence. It is crucial if we
want to design or develop a machine that goes beyond what we see in front of the machine to excel.
According to Graano (2013), self-awareness is problematic in this respect, but it is generated by
the interaction of different parts of the brain, which is called the NCC or Neural Correlates of
Consciousness. The creators of artificial consciousness believe it is possible to build computer-

like systems that mimic these interactions of neural correlated consciousness.

1.12 Foundational Research and Approaches in Al

This section provides an overview of the foundational research and approaches in the field of Al,
focusing on the work of Junichi Takeno and Jean Piaget’s developmental approach. These two
bodies of work provide significant insights into the development of self-awareness in robots and
the application of cognitive development theories in Al respectively. However, it's important to
note that these areas also pose significant governance challenges, raising concerns about ethical

oversight, regulatory frameworks, and societal implications.
1.12.1 Junichi Takeno’s work

Junichi Takeno of Meiji University in Japan is at the forefront of demonstrating the concept of
robot self-awareness. Takeno notes that he has created a robot that can distinguish an image of
himself in a mirror from other robots with the same image and that this statement has already been

considered (Takeno & Suzuki, 2005, p. 4). Takeno first developed a computational module called
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MoNAD with self-awareness and then built an artificial consciousness system to formulate the
relationship between emotions, emotions, and the mind, showing that he linked the modules in a
hierarchical structure (Igarashi, Takeno 2007). Takeno completed a mirroring perception
experiment with a robot equipped with a MoNAD system. Takeno proposed his body theory that
"people feel that their mirror image is closer than it is." (Takeno et al., 2005, p. 4). He argues that
the most important moment in the development of artificial consciousness or the elucidation of
human consciousness is the development of the function of self-consciousness, and he has proven
physical and mathematical evidence for this in his thesis. He also showed that robots could learn
memory episodes when emotion is stimulated and use this experience to perform predictive actions
to prevent the recurrence of unpleasant emotions (Torigoe, Takeno 2009, p. 4). Takeno (2017) also
shows that the phenomenon in which people become aware that the image they see in the mirror
is their own can be evidence of the existence of self-consciousness because people are accustomed
to putting on makeup and getting dressed in front of a mirror. In other words, you might think that
solving the problem of realizing yourself in the mirror can solve the problem of consciousness.
However, mentioning the ritual creates a problematic situation. Some deny the existence of
consciousness altogether, while others acknowledge it and seek to explain it scientifically. While
many scientists base their claims on an engineering perspective, some explain the situation from a
scientific perspective. This distinction is because the phenomenon of consciousness is not clearly
described. That is, the definition is not clear (Takeno, 2017, p. 9). In the extreme view of the former,
there is an opinion that consciousness is a subjective phenomenon and cannot be explained
mathematically, so its existence is unacceptable. The "hard problem" of consciousness is a
perennial philosophical conundrum that concerns the enigmatic challenge of elucidating the
ineffable nature of subjective experience in objective, scientific terms. The term was coined by the
illustrious philosopher David Chalmers (1995). The problem centers on the thorny issue of
explaining subjective experience in objective, scientific terms. The core argument of the hard
problem of consciousness is that the essence of subjective experience cannot be reduced to or
explained by the brain's physical processes alone. The knowledge of the workings of neurons and
synapses in our brain is profound at present. However, we still need to give a scientific explanation
for how these physical processes give rise to subjective experience. This quandary has led some
to speculate that consciousness may be an intrinsic aspect of the universe, impervious to

mathematical and objective scientific explanations (Takeno, J., 2017, p. 5). The hard problem of
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consciousness has sparked endless debate and research in various fields, including philosophy,
cognitive science, and neuroscience. The complexity of our consciousness calls into question some
of our most basic assumptions about the nature of reality and the relationship between mind and
matter, and they must be addressed. Until a satisfactory resolution is found, consciousness's hard
problem will remain central in the annals of scientific inquiry and philosophical debate. Although
consciousness is currently unacceptable, various human cognition and functions are recognized,
and there is an opinion that consciousness will be mathematically explained through advanced
unified communications (so-called emergence) in the future. The latter group is the view that
recognizes the existence of human consciousness and seeks to elucidate consciousness in the
mechanisms of the human brain (Takeno, J., 2017, p. 4). Robots excel at knowing 100% mirroring,
a critical feature that enables robots to think and act like humans. The present scientists are using
this premise to engineer the production of Al systems that mirror humans. In the future, it will be

common to have robots that perceive human emotions and use the data to act similarly.
1.12.2 Developmental approaches to Al

Margaret A. Boden's seminal work delves into the intricacies of cognitive development as
propounded by Jean Piaget and the potential benefits of incorporating these insights into the field
of Al. The main idea behind Piaget's theory is the significance of developing mental models of the
world and continuously changing those models in response to fresh knowledge, which is the
foundation for human learning and intelligence from Piaget's point of view. According to Boden
(1978), Piaget's theory can be applied to areas like learning, problem-solving, and decision-making
processes to improve Al systems. For instance, an Al system that could construct and modify
mental models of the world may be better positioned to comprehend and address complex
situations than a system that merely processes data without a robust underlying framework. Boden
proposes that to optimize Al systems with insights from Piaget's theory, researchers should design
systems that can learn from experience, assimilate new data into existing knowledge structures,

and adjust those structures as required to account for new data.

Furthermore, Boden recommends that Al systems move away from pre-programmed rules and
algorithms, take a more dynamic and adaptable approach to problem-solving and decision-making

instead, and update and modify the system's knowledge structures with the new information.
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Moreover, Boden argues that Al systems could be designed to better understand and process
natural language by integrating knowledge of how humans acquire and use language. Building
systems that can recognize and interpret the context of a given conversation or text and adapt their
responses accordingly can enable Al systems to be more responsive to human interaction. Boden
presents various applications of Piaget's ideas to Al, including expert systems, natural language
processing, and machine learning. For each application, Boden suggests ways in which Piaget's
emphasis on constructing mental models could enhance the performance of Al systems. While
Boden acknowledges the limitations of Piaget's theories for the field of Al, which primarily focuses
on human intelligence, she argues that a fundamental understanding of cognitive development can

aid Al researchers in building systems that learn and adapt to new information.

1.13 Intelligent Systems and Their Application

Intelligent systems can be defined as technologically advanced machines that perceive and
respond to their surroundings. Intelligent systems are designed to present a standardized
methodological approach to solve both crucial and complex problems and obtain consistent and
reliable results over time (Rudas, 2008, p. 4). Intelligent systems are presented in a variety of ways,
such as face recognition programs or biometric sensors. A system can be regarded as intelligent
due to its adaptability, flexibility, memory, temporal dynamics, reasoning, learning, and ability to

handle uncertain information. Al is a crucial ingredient when designing intelligent systems.

Our research covers two major areas within intelligent systems: how machines and systems
perceive the surroundings and how those machines and systems interact with the surroundings.
For instance, machines can be designed to perceive their surroundings through vision, which was
one of the fundamental features of Al at its inception. Today, vision is at the core of every
governmental and organizational operation. The feature is fast gaining pace since the
development of better and greater processor speed, memory capacity, and algorithmic advances.
Initially, robots had little autonomy in the decision-making process (Rudas, 2008, p. 5). Their
operations were quite predictable, and they did the same tasks repeatedly. However, the present
robots can function independently, perform critical tasks, and lead to good decisions. Going by
this analogy, the future of intelligent systems may be predicted to be on the positive run if properly

managed.
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1.14 Main Applications of Intelligent Systems

LI.S. has been designed to replicate the neural networks and expert systems that are today applied
in several human activities. The I.S. have high precision and low computation time, which
ultimately makes it a cutting-edge technology (Strong, 2016, p. 4). Strong further notes that Robot
E.S." s are currently installed to do workshop-level jobs in large firms, thereby pushing humans
to more supervisory roles. Most firms use I.S. to analyze data and buy or sell stocks without

physically involving human resources.
1.14.1 Application of Intelligent Systems in Gaming

The L.S. applications are used in games such as chess in the gaming industry. Machines may not
be described as intelligent as humans. Still, they apply brute force algorithms and scan several
positions within the shortest time possible to calculate and anticipate the next move. Strong (2016)

further notes that Al is also applied in Microsoft Xbox 360"'s Kinect to help detect body motion.

However, the process is still in the initial stage, and more advancement is needed to use it in daily

applications.
1.14.2 Intelligent Systems in Heavy Industries

The LS. robots are continually being tasked with duties in heavy industries and are used to
undertake tasks that are otherwise considered dangerous for humans (Ludger, 2009, p. 3). Robots
are essential when there is a need to enhance efficiency since they work throughout without a
break because they are unaffected by the fatigue or illness that commonly impact the human labour

force.
1.14.3 Intelligent Systems in Weather Forecasting

Neural networks are currently being used by meteorological departments to forecast weather
patterns (Strong, 2016, p. 4). Previous data is fed to the neural network to help them analyze the
data for patterns and plan and predict future weather conditions. It will also raise a range of
conceptual and philosophical questions. The application of Al to analyze weather data is not just
a technological practice but also a deeply philosophical one that raises several crucial questions

about our understanding of the world. Epistemological concerns come to the fore as we ponder
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the reliability of the data used to train these systems and what relationship exists between data and
knowledge. It's also very important for us to consider the way of evaluating the validity and

accuracy of the forecasts made by these algorithms.

Additionally, the use of Al to analyze weather data has ethical implications, especially when
weather predictions inform decisions that affect people's lives, such as emergency response or
agricultural planning. The accuracy of these predictions becomes an ethical concern. It is
imperative to think about the moral duties associated with employing these technologies,
particularly in light of how to prevent their application in ways that could imperil vulnerable
populations. Another philosophical area raised by the use of Al to analyze weather data is ontology,
which is concerned with the nature of reality and how we comprehend it. The question arises: how
do we define weather conditions, and what are the underlying ontological assumptions? The
implications of using Al to model and predict these conditions for our understanding of nature and
our relationship to it are also pressing issues. Finally, the use of Al to analyze weather data is a
technology-driven practice, raising questions about the role of technology in society. For instance,
what are the ramifications of relying on these systems to make decisions about weather conditions,
and what happens if the technology fails? How can we ensure that this technology's advantages
are shared fairly to prevent aggravating already-existing inequities? Utilizing Al to analyze
weather data brings to the fore a range of philosophical and conceptual questions that necessitate
careful examination, which will be talked about in the details of the proceeding paragraphs; it
needs to be critically examined to ensure that the implementation of these systems is ethical,

responsible, and aligned with our societal values and aspirations.

Firstly, considerations of epistemology arise as we question how Al contributes to our
understanding of weather phenomena and discerns what constitutes valid knowledge in weather
prediction. Secondly, the ontological aspect can trigger contemplation regarding how Al systems
portray and simulate the intricate intricacies of weather. Which also provides us with valuable
insights into the natural world in our understanding. Ethical concerns surface regarding the
implications of Al-driven weather forecasting, especially concerning decisions impacting human
lives. Questions of agency and responsibility emerge, questioning who bears accountability when

Al models err and how we attribute agency in Al-informed decision-making processes.
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From an ethical perspective, scholars like Luciano Floridi (Floridi, 2019) and Shannon Vallor
(Vallor, 2016) have discussed the concept of "moral agency" in artificial agents. According to
Floridi, an AI's ability to make decisions and impact humans gives it a moral standing. According
to Vallor, crafting a digital conscience when we build Al is like weaving ethical threads into the
fabric of decision-making or sculpting a moral compass. These systems should mirror what is

important to us ethically.

In legal scholarship, Ryan Calo (Calo, 2015) and Danielle Citron (Citron, 2017) have examined
issues of legal responsibility and liability in the context of Al. Could we keep tabs on what Al
does? That is where Calo steps in with his pitch for "algorithmic accountability" to ensure these
intelligent systems are responsible. On tackling tricky questions like "Who is responsible when Al
goes sideways?', Citron champions an approach that scrutinizes both developers' actions and their

designs' inner workings.
Epistemological Considerations

The introduction of Al, such as the GraphCast model, challenges traditional epistemological
frameworks by offering faster and more accurate weather forecasts based on machine learning
analysis of historical weather data (Conti, 2023). Yet, there is a bit of a hiccup when it comes to
understanding how AI models work or even interpreting their outputs, suggesting a need for

rigorous evaluation and validation processes to ensure the reliability of Al-generated forecasts.

The transition from deductive reasoning based on established scientific principles to inductive
reasoning, reliant on patterns in data, underscores the evolving nature of weather forecasting
methodologies (Mejia,2023). Machine learning uses artificial neural networks—which sift
through layers upon layers of atmospheric information, revealing insights into potential extreme

weather, especially the heatwaves or frosty conditions before they hit.
Ontological Considerations

Ontological inquiries center on the representation of atmospheric processes in Al models and their
correspondence to reality (Jaseena et al., 2022). Because Machine Learning forecasting reflects a
shift towards more adaptable and responsive models capable of capturing the dynamic nature of

weather phenomena, gone are the days when forecasts could barely keep up; we now have methods
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that morph on the fly to accurately track the nature of our atmosphere. However, getting Al to

accurately reflect the complexity of everything around us is still a challenging mission.

Deep learning techniques, including LSTM models, offer promising avenues for improving
weather forecasting accuracy by leveraging adaptive mechanisms that can accommodate changing
weather patterns over time (Abdulla et al., 2022). With an adaptive touch, Al takes on nature’s
unpredictability, which also addresses the ontological challenge of modeling dynamic and
evolving weather systems. The potential of Al to enhance our understanding and clear prediction

of weather phenomena is already improving both how we see and foresee shifts in climate behavior.
1.14.4 Expert Systems

Expert Systems are built-in .S. programs to enable them to undertake duties in specific fields. The
programs are developed to solve the problems in niche areas. The systems use statistical analysis
and data mining to solve critical problems by creating solutions using a logical flow of yes-no

questions (Kumar, 2005, p. 2). An expert system has three parts:

1. Knowledge Base: At the core of an expert system lies the knowledge base, serving as a
repository for a wealth of information, rules, data, and relationships pertinent to the
system's area of expertise. This component encapsulates the collective wisdom and
experience akin to that of a human expert in the given domain.

2. Inference Engine: Operating akin to the cognitive processes of human experts, the
inference engine is the reasoning mechanism of the expert system. When presented with
queries or problems, it extracts relevant information from the knowledge base, analyzes it
using various inference techniques, and generates solutions or recommendations. This
process mirrors the logical deductions and problem-solving methodologies employed by
domain experts.

3. Rules: Rules form the backbone of an expert system, representing the conditional
statements that link specific conditions to corresponding conclusions or actions. These
rules are derived from the expertise and domain knowledge encapsulated within the

knowledge base, guiding the inference engine in its decision-making process.
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In addition to these components, it's imperative to note the role of statistical analysis and data
mining techniques in enhancing the capabilities of expert systems. By leveraging vast amounts
of data, these systems can identify patterns, trends, and correlations that aid in problem-solving

and decision-making.

While expert systems offer many advantages, they also come with several potential issues and

limitations:

1. Knowledge Acquisition: One of the primary challenges with expert systems is
acquiring and encoding expert knowledge into the system's knowledge base. This
process can be time-consuming, expensive, and sometimes difficult to accurately
represent the expertise of human specialists.

2. Knowledge Base Maintenance: Expert systems require regular updates and
maintenance to ensure that the knowledge base remains relevant and up-to-date. As
new information emerges or domain expertise evolves, it becomes necessary to modify
and expand the knowledge base accordingly.

3. Limited Domain Expertise: Expert systems are typically designed to excel within
specific domains or narrow problem areas. They may struggle when faced with tasks
or queries that fall outside their designated scope, leading to inaccuracies or erroneous
outputs.

4. Inflexibility: Expert systems operate based on predefined rules and inference
mechanisms, which can limit their adaptability to dynamic or changing environments.
They may lack the flexibility to handle unexpected scenarios or novel situations not
accounted for in the knowledge base.

5. Explanation and Transparency: Unlike human experts who can provide explanations
for their reasoning and decision-making processes, expert systems often operate as
black boxes, making it challenging to understand how they arrive at their conclusions.
This lack of transparency can be problematic, particularly in critical or high-stakes
applications where decision justification is necessary.

6. Scalability: Building and maintaining large-scale expert systems can be resource-

intensive and computationally demanding. As the size and complexity of the
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knowledge base increase, scalability issues may arise, impacting system performance
and efficiency.

7. Ethical and Legal Concerns: The use of expert systems raises various ethical and
legal considerations, particularly regarding issues such as privacy, bias, fairness, and
accountability. For instance, biased or discriminatory decision-making by expert

systems can have serious implications, leading to societal harm and legal ramifications.

Addressing these issues requires careful consideration of design choices, ongoing monitoring
and evaluation, transparent communication with stakeholders, and adherence to ethical and
regulatory guidelines. Despite these challenges, expert systems continue to offer valuable
capabilities for problem-solving, decision support, and knowledge management in various

domains.
1.14.5 Data Mining

Data mining is another field in which L.S. is applied. Data mining is part of a larger process referred
to as the KDD knowledge discovery in databases. The process comprises all the steps that are
followed before finally initiating data mining. The processes include data selection, data cleaning,
preprocessing of data, and data transformation (Chaudhary, 2012, p. 7). Data Mining involves
using computer algorithms to discover hidden patterns and unsuspected relationships among
elements in a large data set (Strong, 2016, p. 6). L.S. systems are described as knowledge
processing systems, which involve knowledge representation, knowledge acquisition, and
inference, such as search and control. Data mining aims at discovering interesting patterns from
large volumes of data. The patterns may be in the form of association rules, classification rules,

and decision trees.
Data mining, while powerful, is not without its challenges and potential issues:

1. Data Quality: The effectiveness of data mining heavily relies on the quality of the
underlying data. Poor quality data, characterized by inaccuracies, incompleteness, or
inconsistencies, can undermine the reliability and validity of mining results, leading to

erroneous conclusions and insights.
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2. Data Privacy and Security: Data mining often involves analyzing sensitive and
confidential information, raising concerns about privacy breaches and unauthorized access.
Organizations must navigate regulatory requirements and implement robust security
measures to safeguard data privacy and prevent unauthorized data access or misuse.

3. Data Bias and Fairness: Biases inherent in the data, such as sampling biases or
algorithmic biases, can skew mining results and perpetuate unfair or discriminatory
outcomes. Addressing bias and ensuring fairness in data mining requires careful
consideration of data collection methods, algorithm design, and model evaluation
techniques.

4. Scalability and Performance: As datasets continue to grow in size and complexity,
scalability and performance become significant challenges in data mining. Analyzing large
volumes of data efficiently requires scalable algorithms, distributed computing
frameworks, and optimized processing techniques to avoid computational bottlenecks and
ensure timely insights extraction.

5. Interpretability and Transparency: Complex data mining models, such as deep learning
neural networks, may lack interpretability, making it challenging to understand how they
arrive at their predictions or classifications. Lack of transparency in data mining models
can hinder trust, accountability, and regulatory compliance, particularly in high-stakes
applications such as healthcare or finance.

6. Overfitting and Generalization: Data mining models may suffer from overfitting, where
they capture noise or irrelevant patterns from the training data, leading to poor
generalization performance on unseen data. Mitigating overfitting requires techniques such
as regularization, cross-validation, and feature selection to ensure that models generalize
well to new data.

7. Ethical and Societal Implications: Data mining can raise ethical and societal concerns,
particularly regarding issues such as algorithmic fairness, discrimination, and unintended
consequences. Organizations must consider the broader societal implications of their data
mining activities and take proactive measures to mitigate potential harms and promote

ethical data use.

Addressing these issues requires a holistic approach encompassing data governance, algorithmic

transparency, stakeholder engagement, and ongoing monitoring and evaluation. Despite these
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challenges, data mining remains a valuable tool for extracting actionable insights, informing

decision-making, and driving innovation across various domains.
1.14.6 Future of Intelligent Systems

The future of intelligent systems is quite fascinating, and developers need to make it more
manageable. As far as the future is concerned, intelligent systems have the capacity to
revolutionize various industries, but a range of issues must be tackled to unlock their potential
fully. Explaining ability is one of the most urgent problems since these systems' decision-making
procedures can be confusing and difficult to comprehend. This lack of transparency can hinder
their adoption, particularly in areas where trust and accountability are crucial. Another significant
issue is bias and fairness, as intelligent systems are only as unbiased as the data they are trained
on. If the data used to train these systems is biased, then the resulting models will also be biased,
leading to unfair and discriminatory outcomes that perpetuate existing societal inequalities.
Privacy and security are also significant concerns. Intelligent systems often depend on vast
amounts of personal data, which can raise privacy and security issues. Identity theft, targeted
advertising, and other criminal acts may come from the misuse of this data. Regulation and ethics
are also important issues as intelligent systems become more influential and widespread; this
includes data protection, algorithmic accountability, and the potential impact of these systems on
employment and society as a whole. Major difficulties also include scalability and
interoperability. Many intelligent systems are designed for specific use cases, which can make
scaling and integrating with other systems difficult. They might not be as beneficial or perform
to their full ability as a result. It is imperative to address these challenges to ensure that the
employment of intelligent systems is legal, moral, and consistent with our society's values and

goals.

The L.S. will result in the production of machines and computers, which are much more advanced
than the ones in the present context. Speech recognition systems are projected to reach greater
milestones in terms of performance levels and will have the capability to communicate with
humans using both text and voice. The future is great across all disciplines. However, there is a

possibility of creating systems that are more intelligent than humans, which could potentially
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render more human workforce jobless. Thus, there is a need to develop more systems that are

more manageable (Strong, 2016).

Moreover, the features of the human brain, such as learning from experience, cognition, and
perception, may be incorporated into these I.S. However, a lot more research must be done to
prove whether all these milestones will be achieved in the foreseeable future. In the future, robots
are projected to create more efficiency in the workplace compared to humans in healthcare;
robotic nurses can be hired to administer drugs to patients at regular intervals. Therefore, the L.S.

still needs a lot of improvement to brace itself for the future.

Before that milestone is achieved, it isn't easy to know whether the future developments of
intelligent systems will positively or negatively impact our lives. Researchers should henceforth

embark on gaining deeper insights into the I.S. and AL
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Chapter Two: Controversy in Al governance and general issue

2.1 Introduction

Several studies have indicated how Al has been used over time to transform various processes in
different organizations (Chi et al., 2020, p. 2). Previous studies reveal that Al provides
opportunities to rediscover business models (Duan et al., 2019, p. 3), transform the future of work
(Schwartz et al., 2019), improve performance (Wilson & Daugherty, 2018, p. 4), and improve
human capabilities (Dwivedi et al., 2021, p. 4). Watson (2017) reveals that there is an increased
need to incorporate Al in various sectors of the economy, including healthcare, finance,
manufacturing, and transportation, both locally and globally. If the dream is realized, then it means
that global spending on Al will be at an all-time high soon, as every organization is bracing itself

in readiness for the unprecedented future.

Von Krogh (2018) explains some of the reasons why there is a sudden interest in investing in Al
methods, which have exponentially metamorphosed in the past few decades. For instance, the
present and conventional neural networks have been made accessible to everyone. Al is rapidly
becoming indispensable in every segment, and so is the need to decrease the cost of production of
the technology to allow more and more organizations to access it. Other than the cost, cloud-based
services connected to Al have immensely been expanded to make the services more convenient
and easily accessible. One blessing in disguise to the entire Al world is the Coronavirus, a global
pandemic that has seen millions of staff globally being rendered jobless and organizations
resorting to Al superintelligence in a spirited attempt to cut costs (Coombs, 2020, Sipior, 2020, p.
7). The implementation has been successful, and many organizations are continually embracing

Al

Most organizations have failed to consider Al in designing, developing, and deploying Al-enabled
applications. However, there are far-reaching consequences when organizations fail to address Al
governance aptly and are unable to deal with data security concerns. Personal privacy
responsibilities may result in critical financial harm, thereby destroying the organization's image
and raising ethical concerns (Dafoe, 2018, p. 4). In such an instance, when Al governance is
perceived as an obstacle, then every employee interested in the new technology will soon be

discouraged, and the outcome is as direly consequential as lower productivity. However, for well-
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groomed Al professionals, proper governance protects the organization from possible wrong
decisions (Dafoe, 2018, p. 6). They will always make the recommended decisions to promote

innovation, optimize resources, and achieve the organization's long-term objectives.

Numerous aspects of Al are constantly attracting an abundance of literature, and so there is the
need for governments to speedily study the insights in an attempt to minimize risks while
enhancing benefits and reassessing the traditional governance approaches (Guihot et al., 2017, p.
2). Al is rapidly becoming indispensable in our day-to-day transactions and social interactions.
Critical decisions are made thanks to technological revolutions. Hospitals are performing some of
the riskiest operations with the help of Al. Similarly, policing bodies use the program to detect a
potential crime and also track criminals through algorithms that help them filter personalized
content (Helbing, 2019, p. 4). One of the major milestones that Al has achieved, which sets it apart
from other technologies, is the ability to solve complex problems using cognitive intelligence like
humans (Araz, 2021, p. 3). Araz also notes that Al can outperform humans in undertaking some
cognitive tasks. However, Al may pose serious problems arising from uncertainties in human-
machine interactions. Also, unethical and discriminatory outcomes may arise from biases, thereby
making Al programs less desirable in different domains (Hugq, 2019, p. 2). Araz (2021) further
notes that responsibility and liability due to handling Al applications are still ambiguous under
legal frameworks, and the system will see mass layoffs since most systems will be automated.
Only Tech-savvy individuals will have their jobs secured. Even so, every L. T. expert is required to
continually boost their skills to keep at par with the volatile nature of technology. As more
technologies are being invented, more problems develop, and only the adaptable lot will easily
adjust to the dynamism. To properly manage Al technology, the government must be involved in

setting both the legal and ethical framework with which the technology should operate.

This chapter aims to explain what Al governance is and the historical background of Al
governance that will help us develop better methods of Al governance. This chapter will also
outline the various existing frameworks for Al governance, with the role of commissions that have
been established to ensure governance of Al and the various shifts in policy in Al governance that
have been enacted since the development of modern-day Al. This chapter will also explain various
setbacks and controversies in implementing Al governance and the impact Al governance has had

on the development of Al
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2.2 Al Governance

Governance of Al involves the process of making Al transparent, explainable, and ethical (Chhillar,
2022, p. 2). While defining governance needs, organizations need to think through the whole
process carefully and critically. CEOs must always ensure that the Al governance is crystal clear
and all the elements measurable. Data plays a pivotal role in the execution of business functions.
Therefore, every leader needs to be abreast with Al. As Méantymaiki, Minkkinen, and Birkstedt
(2022) argue, Al governance must be seen not only as a technological or managerial concern but
as a socio-technical challenge that requires clear organisational structures, shared responsibilities,
and evolving practices. While it is arguably difficult to prove that a single person is solely liable
for Al governance, the process should be democratic, where every stakeholder must be involved
in taking responsibility. It should be made a mandatory requirement for every leader to possess
skills in Al governance since every organization is quickly embracing new technology. These

skills would, therefore, help decision-makers keep up with duty requirements.

Every organization should train its leaders in an attempt to continue to enforce Al governance.
First, every CEO is required to possess accountability and responsibility within the workplace. Just
like any other, Al data may be flawed with errors, duplications, and biases, hence the need for a
CEO who can foresee the problem and make relevant policies. An irresponsible CEO may end up
compromising the Al systems, which can result in the algorithms failing to adequately reflect
changes within the organization and the real world. Eventually, the organization will make the
wrong decisions that are quite detrimental as far as productivity is concerned. The CEO should,
therefore, strive to install an effective governance plan before implementing a machine learning
algorithm in the organization. The algorithm output has a direct influence on the level of
productivity and customer satisfaction. The CEO has to ensure that the governance plan is
straightforward and actionable. All the stakeholders must be consulted before implementing the
plan. Also, in an attempt to make a candid Al governance plan, the CEO should always strive to
set objectives, which may sometimes be challenging due to amorphous concepts such as fairness,
ethics, transparency, and explaining ability. The CEO has no option but to take adequate time to
execute the plan. The plan should be adequate to allow for the participation of all the staff within
the workplace since the policy to be made should be inclusive. Secondly, the board should be

responsible for auditing and controlling Al data since the data is a competitive asset. Mantymaéki
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et al. (2022) also emphasise the importance of establishing formalised oversight structures—such
as internal audit units, governance boards, or ethics committees—as a way of institutionalising
accountability and making Al governance sustainable across organisational levels. These two
elements are critical since Al projects are hardly coordinated across an organization, hence the
need for a body to take control, especially of application developers and data science teams. The
board will ensure that the team remains agile at all costs through various recommended guidelines.
Therefore, assigning responsibility is critical since everyone will be accountable and work towards
making Al governance efficient and effective. However, when the team lacks responsibility, then
the process of Al governance will most likely fail. Responsibility will place the organization at a
more strategic point of success in all the products and processes. The success of every organization
is reliant on how the organization will respond to the ever-morphing data and how CEOs make
necessary policies to respond to such changes. Audit firms should equally partake in their duties

of regulation and review of Al governance.
How to measure Al governance

Besides assigning responsibilities to relevant members of the organization, measuring Al
governance is a crucial undertaking since it is challenging to manage an immeasurable element.
Effective Al governance should include clearly defined metrics and regular evaluations. While
there are no particular recommended measures of Al governance, the lack of any thereof is a
potential weakness in an organization since the measures cannot be incorporated into the systems
or processes. Zachari (2022) defines Al measurement as a strategy that helps in obtaining the most
crucial governance decisions that are to be made concerning the production and implementation
of Al systems. With time, Al governance will be a focal point for every organization; hence,
measurement will be recommended. Measurement is crucial as it helps in assessing the validity,
durability, efficiency, and effectiveness of the systems used to propel various components and
processes within the organization (Jacobs, 2021, p. 4). Therefore, an organization must prioritize
determining which measures are the most relevant to the context in which they are applied. As
stated earlier, measurement is not standardized since every organization is responsible for and
faces problems unique to itself. However, through regulations or determinations by marketplaces,
some organizations will eventually have standardized Al governance metrics. Jacobs (2021)

further notes that organizations must critically assess every measure that, when undertaken, has
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the capability of supporting their strategic direction and aligning them to the central objective.
Every organization should consider some of the key performance indicators (KPIs) when
performing the measurements. They include data, security, accountability, bias, cost, time, and
audit. Data is responsible for measuring the origin and the quality of the data. Data quality always
distinguishes organizations that are surviving against all odds from those that are sinking. The
firms that do not capitalize on the slightest opportunities presented by solid data will soon fall
(Henrich et al., 2007, p. 3). The techniques used to measure the quality of data include
completeness, uniqueness, timeliness, consistency, validity, and accuracy. Therefore, the Al
implemented by every organization should ensure that the data obtained is always of high quality.
The security of Al data used is crucial since every piece of information should always be kept from
any potential harm by external forces such as cybercriminals. Without data, an organization ceases
to exist, and so does the need to use the most tamper-free security features. For instance, a health
center using robotics to carry out surgical operations must ensure that the device is never corrupted
with malware whatsoever since any eventuality after that is quite detrimental to both the patient's
health condition and the hospital's image (Wilkowska et al., 2012, p. 2). The cost incurred in the
investment of Al equipment may be high. Still, the organization should specifically focus on
ensuring that the benefits will ultimately be high in the long run. Every organization needs to
monitor bias through either direct or derived data periodically. Accountability is a critical
phenomenon for the success of every organization, and every staff must be accountable for the
assigned tasks. Audit of the Al data helps in conducting the performance appraisal to understand
the benefits of using the Al technology and the improvements that need to be installed. Time
measurements should also be considered to gain insight into the impact of the technology over

time.

2.3 Historical Background

Since its inception, no universally accepted definition of Al has existed, especially concerning its
present and future applications; however, this lack of a standard definition is not problematic since
most scientific models are defined more precisely only after their development and understanding
mature, reflecting the complexity of the Al models. Besides, the lack of definition thereof should
never imply that the research on the field should stall, considering the gradual innovations and the

interests shown by scientists in the field (LeCun et al., 2015, p. 4). Regardless, it is still not easy
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for policymakers to determine what Al systems will do soon and how the field may turn out to be
then. No common framework has been settled on to determine which kinds of Al systems are
desirable (Bhatnagar et al., 2018, p. 7). Monett and Lewis (2018) also assert that theories of
intelligence and the goal of Al have been the source of much confusion both within the field and
among the general public. When the term was first coined, various researchers embarked on the
study and formulated a series of theories and proposals that touched on the concept of Al (von
Neumann, 1958, p. 6). However, the discipline of Al is more based on the thoughts of McCarthy,
Minsky, Newell, and Simon, who attended the famous 1951 Dartmouth conference. As previously
discussed, this conference, sponsored by the Rockefeller Foundation, is regarded as the cradle of
Al and marked the beginning of Al, which would be a game changer in every sector of the economy,
politics, and society. It is very difficult for the field of Al to maintain healthy progress due to the

divergence in opinions and lack of standard evaluation criteria (Hernandez-Orallo, 2017, p. 7).

Watson (2017) remarks that the absence of theoretically grounded research on how organizations
should design their digital business strategies using Al to create business complicates the whole
process. This research, therefore, seeks to explain the claim and establish the existing gaps in Al
research done by various scholars. The study acknowledges the four pieces of literature already
conducted, that is, Hofmann et al. (2019, p. 9); Rzpeka and Berger (2018); Borges, Laurindo,
Spinola, Gongalves, and Mattos (2021); and Karger (2020), although each of the studies has its
limitation. Rzpeka and Berger (2018) conducted a study that focused on how each user interacted
with Al systems, and this research depicts how Al is designed and the implications of its
management in the present and future contexts. Hofmann et al. (2019) conducted a literature

review to establish the effects of Al and ML in the context of the radiology value chain.

Similarly, Borges et al. (2021, p. 4) based their study on particular Al interactions with
organisational strategy but failed to capture how Al should be defined based on their findings.
Karger (2020) conducts a literature review on the relationship between Al and blockchain but fails
to provide further explanation on how these technologies can be integrated effectively. This
research contains all the studies relevant to the topic and mainly captures the current trends. The
failure to arrive at a conventional definition of Al has been explained above. However, for the sake
of this literature review, our study will use the functions of Al as defined by Dejoux and Léon

(2018). Several studies are already exploiting the potential opportunities of acquiring Al in a wide
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range of fields, with manufacturing, digital marketing, and healthcare generating a line with
various academic interests (Juniper Research, 2018). Manufacturing firms will most certainly use
Organizational Al since product automation is on the rise daily due to the need to cut production
costs and boost overall (Wang & Wang, 2016). In the healthcare sector, researchers are beginning
to use Al systems linked to sensors planted on humans to monitor their health conditions (Rubik
& Jabs, 2018, p. 2). According to Juniper Research (2018), consumer demand forecasting with the
help of Al will triple between 2019 and 2023, and the number of chatbot interactions will hit a
significant number during the same period from the present level of 2.6 billion. However, these
opportunities are only relevant if we have a better insight into the Al world. Therefore, the
objective of this study is not only just to understand the various characteristics of Al studied within
the context of intelligent systems but also to use it as the foundation for further discussion of the
opportunity and risk provided by Al and eventually provide a governance framework for the
development and deployment of Al to release its potential and avoid the risk which is existing,

expecting to come even the problems in unexpected dimension.

2.4 Why We Need Al Governance

As earlier noted, Al governance refers to the development of policies and guidelines to ensure that
Al technologies are developed and used responsibly and ethically (Chhillar, 2022, p. 7). Al
governance is essential to ensure that Al technologies are developed and used in a way that benefits
society as a whole while minimizing potential risks and harms. There are various reasons why Al

governance is crucial in the development and implementation of Al systems.

Safety and security are primary concerns that make governance essential.Various security
concerns arise with the use of Al. Al systems can be used for malicious purposes such as cyber-
attacks, social engineering, and the creation of deep fakes (Roman, 2018, p. 3). Al-powered
malware can evade traditional security measures and cause significant damage to individuals and
organizations. Similarly, some Al systems are capable of hacking into nuclear grids or other life-
threatening systems and causing extensive damage. Roman (2018), in his book, notes how Al has
the potential to take over the world either intentionally or unintentionally. He further explains how
Al systems can potentially hack security grids and deploy nuclear missiles, which can also cause

unintended consequences and harm to users and threaten their safety and security.
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Particularly in safety-critical domains such as healthcare, transportation, and finance, Al can make
crucial decisions that may lead to harm rather than benefit. For example, an autonomous vehicle
with a faulty algorithm could cause a fatal accident. NPR (2022) statistics report that a few hundred
accidents were caused by vehicles with partial Al systems integrated into them. NPR also notes
that of the four hundred vehicles, two hundred and seventy-three accidents were caused by Tesla,
which has fully integrated Al systems for autonomous driving. A faulty trading algorithm may
cost a person a lot of money in losses, whereas the Al program might have anticipated a different
result. Another safety risk is the threat to privacy Al systems expose their users to. Al systems
often rely on vast amounts of personal data to function, which raises concerns about privacy and
data security. Unauthorized access to sensitive data can result in identity theft, financial fraud, and
other forms of harm. An unsecured Al system may leave all its users’ data at risk and expose them

to identity theft, as well as other crimes.

Another concern that warrants the governance of Al systems is the bias and discrimination
prevalent with many Al systems. Al systems can perpetuate bias and discrimination, whether
intentionally or unintentionally (James, 2019, p. 8). Bias and discrimination are significant
concerns in Al systems, as they can perpetuate unfair treatment of individuals and groups based
on their race, gender, age, or other characteristics. The main reasons that can lead to a biased Al
system are biased data and biased algorithms (James, 2019, p. 5). Al systems learn from data, and
if the data is biased, the system will learn and perpetuate those biases. Biases can arise due to
historical inequalities, data collection practices, or other factors. Al algorithms can be designed
with biases, either intentionally or unintentionally. For example, an algorithm designed to predict

job performance may inadvertently favor male candidates due to historical biases in the workforce.

Similarly, the lack of diversity among Al developers and data scientists can contribute to biased
algorithms and biased data (Belenguer. L, 2021, p. 3). In addition, Al systems can create feedback
loops that reinforce biases. For example, suppose an Al system is used to hire employees, and the
system is biased against certain groups. In that case, those groups will be underrepresented in the
workforce, leading to more biased data in the future. Therefore, the high bias and discrimination

warrant keen governance and monitoring of Al systems.
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One last concern that warrants the governance of Al systems is the transparency and accountability
of Al systems. Transparency refers to the ability to understand how an Al system is making
decisions, while Accountability refers to the ability to assign responsibility for the actions of an
Al system (Williams, 2022, p. 3). Transparency includes understanding the inputs to the system,
the algorithms used, and the outputs generated. When an Al system is transparent, it is easier to
identify potential biases, errors, or other issues. On the other hand, accountability includes
determining who is responsible for the system's behavior, whether it is the developer, the operator,
or the system itself. When an Al system is accountable, it is easier to hold individuals or
organizations responsible for any harm caused by the system. These reasons comprise the primary

concerns that warrant the governance of Al systems.

2.5 Ethical Considerations in Al

The ethics of Al and robotics are typically concerned with investigating various issues in response
to the new technology that has taken the global sphere by storm. Some of these ethical concerns
reflect longstanding debates—such as those surrounding automation, labor displacement, and
technological dependency—while others are more recent and emerge from the growing complexity
of Al systems. Many individuals, including those concerned about societal inequalities, argue that
technology will ultimately replace humans in all sectors (Muller, 2020, p. 2). For instance, some
commentators believe that digital handsets like mobile phones will end personal communication,
and video cassettes and writing will end memory. While there is some truth in the assertions, they
are not accurate in the information's entirety. Muller's arguments, therefore, seek to validate these
claims in line with the ethical framework of Al superintelligence. Political and ethical discussions
have risen across various spectra concerning the topic of technology and how to control the
trajectory of such technologies. Examples of technologies that have drawn a debate include but are
not limited to cars, nuclear power, and plastic. The ethical considerations as far as Al and robotics
are concerned have drawn the attention of the press globally, with a majority supporting the
research on the same, while others are undermining it. Some media houses feel like the present Al
superintelligence concept is a foreshadowing of the bleak future of humanity, while this assertion
can be disputed ethically (Brundage et al., 2018, p. 3). In the end, all we are interested in is a
discussion of how technical problems motivate us to work to achieve the desired outcome. The

present debate, as illustrated in the organizational policy world, makes good use of ethics and states
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that we should strive to do all that is perceived to be ethical. Al's ethical problem is when we are
critically not aware of the right Al practices to implement and at what time. This assertion clarifies
that laziness in the workplace is never considered unethical unless there is substantial backing to
the premise. This chapter focuses on the genuine problems of ethics, which we do not readily know
the answers to. The ethics of Al and robotics have considerable dynamism and are explicitly
connected to societal impacts (Floridi et al., 2018, p. 3) and policy recommendations (Al HLEG,
2019, p. 4). We are interested in understanding all these metrics as far as Al is concerned. This
chapter seeks to clarify all the issues and non-issues surrounding the ethical considerations of Al
Machine ethics is ethics for machines, or simply put, machines are the major focus, not humans

(Floridi et al., 2018, p. 6).

There are two schools of thought regarding the ethical behavior of Al and machines. First, if
machines can work in a morally ethical manner, then we need to embrace it. Secondly, machine
ethics should forever ensure that the behavior of machines toward human users and other machines
is always within the ethical framework. (Anderson and Anderson, 2007, p. 2). Principles like
beneficence, non-maleficence, autonomy, and fairness provide the foundation of the ethical
framework in which Al should function within it. These principles demand that Al technology
prioritize morality, societal values, and product safety. Al systems have to be created and applied
with beneficence—promoting the welfare of people and society—and non-maleficence—
avoidance of harm. It is also essential to protect users' autonomy and guarantee justice (fairness
and equity) in Al interactions. Organizations should, therefore, attempt to determine the priorities
of values as every stakeholder holds them in different operational contexts in an attempt to
demonstrate reasoning and assure transparency (Dignum, 2018, p. 2). Several scholars hold the
assumption that machines may be considered ethical agents that wholly undertake their
responsibilities (van Wynsberghe and Robbins, 2019, p. 4). However, as we have mentioned
earlier, Turing's experience and the ethical, moral, and even legal changes in human society itself
may lead to increasingly complex and unpredictable challenges when combined with technological
advancements. How can Al created by humans take responsibility in such a chaotic situation when
humans themselves are also unable to understand the definition and relationship between morality
and responsibility as time progresses? The worst outcome could jeopardize the survival of human
civilization. So it is critical to address the ethical issues around Al in a proactive and inclusive

manner in order to develop a complete and well-balanced ethical framework that suits the evolution
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of both Al and the Ethical standards of humanity; it is imperative to cultivate an atmosphere
wherein stakeholders from many fields—such as technology, ethics, policy, and the broader
public—can work together for a long-term project. By doing this, we will gain a better possibility
that the technology benefits humanity as a whole and minimizes hazards while utilizing Al's

capacity to enhance our lives.
Comprehensive Ethical Issues in AI: From Asimov’s Laws to Modern-Day Concerns

Machines may be seen as artificial moral agents, according to one viewpoint on Al ethics, which
implies that a robot that is trained to follow moral guidelines may also follow immoral ones, as
explained by Isaac Asimov's third law of robotics (Vanderelst and Winfield, 2018, p. 4). According
to Asimov (1942), there are three laws of robotics. The First Law implies that a robot may not
injure a human being or, through inaction, allow a human being to come to harm. The Second Law
describes a robot as an instrument that must obey the orders given to it by human beings unless
such orders conflict with the First Law. The Third Law implies that a robot must always protect
its existence, provided such protection is not in conflict with the First or Second Laws. Asimov
further explains how conflicts between the three laws will make it difficult to apply them, although
they are applied based on the order from the First Law. Arguably, Al ethics is a matter that can be
successfully argued since weaker versions may soon reduce "having an ethics" to assertions that

may never be sufficient.

One of the ethical considerations of Al is fairness. Al systems can be biased if the data they are
trained on is biased (John, 2022, p. 3). John also argues that unfairness in Al systems is a result of
data and algorithms that the system is designed to work on. For example, a facial recognition
system trained only on images of white people may not be able to identify people of other races
accurately, and this can lead to discrimination and unfair treatment. His argument was similar to
James's (2019), which we already mentioned in section 2.4, in which we present a brief explanation
of bias and discrimination in Al governance, a previous case of unfairness in Al systems. Since
bias and discrimination are both the roots and fruits of unfairness, which plays a bidirectional loop
in causal relationships, this previous case deserves a closer look if we want to break that bond: it
was observed back in 1988 by the UK Commission for Racial Equality (Centre for Data Ethics

and Innovation, n.d.). This discrimination happened as a result of biased data being supplied into
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the system, which affected the algorithm's decision-making process and unfairly rejected eligible
candidates on the basis of their gender and ethnicity (James, 2019, p. 4). At that time, after
evaluation, the commission concluded that the admissions procedure for British medical schools
was discriminatory since the program's evaluation of applicants was based on a computer
algorithm that was proven to be prejudiced against women, especially those with non-European
names. In the end, the commission judged the British medical school guilty of discrimination; this
proves that the system was fed algorithms that made it biased; and if this connection is not cut off
from the source, the situation will exponentially amplify and accelerate to worsen until ugly
occupational restrictions and divisions like the new day caste system emerge with the support of

Al technology.

Similarly, some governments, as Paul Mozur (2019) noted, such as the Chinese government, use
Al systems to profile minority groups. Paul further states that the government conducts nearly five
hundred thousand face scans of minority groups that the Al might label as potentially dangerous
to society, and this means that Al systems should be designed to be unbiased and should not
perpetuate or amplify existing societal biases. However, it must also be pointed out that China has
an extremely large population base, so the average annual number of various types of crimes is as
high as a million; it is logical to suppose the data is spread over enough years and converted
according to the population proportion to use this method to only keep a record of criminals in
data analysis from the total population of minority groups. In the application, if the public walks
past the face recognition camera but is not on the police wanted list, their biometric data will be
deleted immediately. In such a situation, this may only biased towards the criminals group in
minority groups rather than towards the whole minority groups, which needs to be clearly
distinguished. Even so, new questions will arise. Unlike fugitive wanted criminals, are ex-convicts
who have already received legal punishment themselves a minority group? Firstly, ex-convicts are
not a naturally formed group based on birth or identity but rather a group of individuals classified
based on their personal behavior (crime). However, the number of ex-convicts is usually relatively
small in the overall population, so it can be considered a minority in statistical significance.
Secondly, in terms of social status, ex-convicts often face discrimination, employment difficulties,
social exclusion, and other issues, thus possessing the characteristics of a "vulnerable group" at a
certain level of social function. Should the ongoing prejudice against them continue to exist after

they have completed their sentence? Such bias may make ex-convicts very difficult to adapt to
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society, resulting in repeated offenses, even upgrading from minor infractions to serious crimes,
turning criminal rehabilitation into a meaningless waste of taxpayers' money in the system of
public prison. Based on the reasons mentioned above for bias in Al, developers must also ensure
that the data used to train Al systems is diverse and representative of the population. Similarly, Al
algorithms should be designed to be transparent so that it is clear how the algorithm is making
decisions and thus prevent biased decisions. In addition, the developers should adhere to ethical
guidelines for the development and deployment of Al systems, which prioritize fairness and non-

discrimination (Roselli, 2019, p. 11).

Privacy is also a concern when dealing with Al systems. Al systems often rely on large amounts
of data, which raises privacy concerns. The advancement of healthcare Al systems means that
more organizations are going to scramble over ownership of these systems. These systems carry a
high amount of patient data and health information and pose a great risk to the privacy of the
patients (Murdoch, 2021, p. 12). People may not be aware of how their data is being used or may
not have given their consent for it to be used in the first place. Restricting data from the Al system
may make it incapable of effectively solving problems. To ensure privacy, Al developers should
minimize the amount of personal data collected, used, and stored in Al systems. They should only
collect data that is necessary for the system to perform its intended function. In addition, the
collected personal data should be anonymized or de-identified whenever possible to protect
individuals' privacy (CFI, 2022, p. 2). Anonymization of data can be done by deleting or encoding
identifiers that link individuals to the data (CFI, 2022, p. 4). Primarily, Al systems must be
designed with privacy in mind from the outset (Murdoch, 2021, p. 3); this means considering
privacy implications at every stage of the system's development, from design to deployment. Such
Al systems will be able to encrypt every received data and protect it from unauthorized access or
use (CFI, 2022, p. 3). Individuals should also be given clear and meaningful choices about the use
of their data in Al systems. They should be informed about how their data will be used and given
the option to opt-out if they so choose. Finally, Al systems should be audited regularly to ensure

they follow privacy regulations and policies.

Another potential ethical consideration with Al systems is the high potential for job loss. Al has
the potential to automate many jobs, which could lead to job displacement for millions of people

(Eva, 2022, p. 4); this could have significant economic and social consequences. Living people
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unemployed may result in increased crimes and poverty levels. However, failing to automate some
operations may result in a high cost of production and, consequently, a high cost of living. Eva
(2022) notes that even though Al-enhanced processes benefit workers by relieving them from
dangerous or exhausting tasks, they can elicit psychological harm resulting from potential job loss
created by Al systems or the degrading work quality. Al governance must ensure that Al systems
are developed and used in a way that maximizes their positive impact on society and the
environment, which means that Al systems should be developed with consideration for their
potential impact on employment, economic stability, social equality, and the environment.
However, it is important to note that while Al may replace some jobs, it will also create new jobs
and industries. For example, developing and implementing Al technologies will require workers
with specialized skills in areas such as data science, machine learning, and computer engineering.
To address the potential job loss concerns related to Al, investing in reskilling and upskilling
programs for workers is important, which can help workers transition to new roles and industries
that require different skills, as well as prepare future generations for the jobs of the future. Another
approach is to focus on creating jobs that are complementary to Al systems. These jobs would
require human skills that cannot be easily automated, such as creativity, critical thinking, and
emotional intelligence. For example, jobs in fields such as education, healthcare, and social work

require human interaction and empathy and are less likely to be fully automated by AL

As previously noted, there is a high risk and concern regarding the control of Al systems. There
are concerns that Al could become too powerful and that humans may lose control over it (Roman,
2020, p. 8), which could have significant consequences for the future of humanity. Such
consequences have been depicted in numerous films such as Terminator and I Robot, whereby Al
systems take over humanity and potentially end the human race. Al governance must ensure that
Al systems are designed to respect and protect human autonomy and agency; this means that Al
systems should not be used to undermine human decision-making or manipulate people's behavior.
Only by doing that can humans ensure total control over Al systems. In regards to control, another
ethical consideration that arises is the potential for misuse of Al systems. Al can be misused for
nefarious purposes, such as spreading misinformation, creating fake videos, or conducting

cyberattacks (Russell, 2022, p. 8).
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Similarly, Al can be used for military purposes, such as autonomous weapons. There are concerns
that such weapons could be used in ways that violate human rights or that they could malfunction
and cause harm, as noted by Roman (2018). He further warns that if not checked, this system may
acquire the ability to control nuclear weapons of their own accord (Roman, 2018, p. 5). Al systems
must be designed and governed against inflicting harm on any living being; this will grant the Al
system the ability to ignore nefarious commands given to it. So, to ensure control, Al systems
should be regularly tested and evaluated to ensure that they are functioning as intended and to

identify any potential issues or unintended consequences (Russell, 2022, p. 5).

Also, Al systems should be designed with fail-safes in place to prevent unintended consequences
or harm. For example, if an Al system is designed to make medical diagnoses, there should be fail-
safes in place to ensure that incorrect diagnoses do not lead to harm to patients (Russell, 2022, p.
8). In addition, we must ensure human oversight over Al systems. Al systems should be developed
and deployed with appropriate human oversight to ensure that decisions made by the system are
ethical and fair, which can include establishing an oversight committee, requiring human review

of Al-generated decisions, or implementing human-in-the-loop systems.

2.6 Al Systems as Ethical Agents

The lack of transparency of Al systems makes people unwilling to offer it data that they may
consider to be potentially harmful to them. It can be challenging to understand how Al systems
arrive at their decisions, which can be problematic if those decisions have a significant impact on
people's lives. There is a need for greater transparency to ensure that decisions are fair and
justifiable. Similarly, Al's automation of processes and cars raises the question of responsibility
and accountability in case of an accident. Autonomous Al systems, such as self-driving cars, raise
important questions about responsibility and liability. Who is responsible if an autonomous car
causes an accident? The car manufacturer, the software developer, or the person who owns the car?
Assigning responsibility when something goes wrong with an Al system can be challenging,
especially if the system has been developed by multiple parties or if it has evolved in unexpected
ways. Therefore, it isn't easy to account for the actions of an Al system. That is, if an Al system
does something unethical, it is difficult to determine whether it was acting on its own accord or

had simply been programmed to do so.
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Advocates of Al systems as ethical agents argue that these systems have the potential to make
decisions based purely on rational analysis of data without being influenced by emotions or biases.
However, the concept of Al systems as their ethical agents is a complex and controversial topic.
Some Al developers argue that Al systems have the potential to make decisions that are more
ethical and rational than those made by humans. In contrast, others argue that this idea is flawed
and that Al systems should always be controlled by humans (Griffin, 2023, p. 4). Therefore, to
make Al systems transparent and accountable, we first have to make them act as ethical agents. In
order to achieve this goal, Al systems first have to acquire some of the following human attributes:

empathy, creativity, adaptability, common sense, and moral reasoning.

Empathy is defined as the ability to understand another person's thoughts and feelings in a situation
from their point of view rather than your own (Webster, 2022, p. 11). Al systems can simulate
emotions, but they cannot truly understand and relate to human emotions in the same way humans
can (Jun Wu, 2019, p. 8). Jun claims Al systems cannot have human-like intelligence without
personality or emotions. He further claims that people do not change behavior based on
information but rather through emotion and empathy. Through the use of affective computing, we
can design Al systems capable of exhibiting empathy (Tao, J. 2005, p. 14). Affective computing
involves incorporating emotional recognition and response capabilities into Al systems (Tao, J.
2005, p. 12). For example, an Al system designed for customer service could be programmed to
detect the emotional state of a customer based on their voice tone, facial expression, or other cues
and respond in a way that is appropriate and empathetic to the customer's emotional state. Similarly,
designing empathetic Al systems through the use of natural language processing and sentiment
analysis can help exhibit empathy. By analyzing the words and phrases used by a person, an Al
system can make inferences about their emotional state and respond in a way that is appropriate
and empathetic to their needs. However, as Sara Ahmed (2004) argues in The Cultural Politics of
Emotion, emotions are not merely internal psychological states but circulate socially and culturally,
becoming attached to bodies, histories, and political projects. Empathy, in this light, is not just
about recognition or simulation but about how affective economies organize who is seen as
grievable, intelligible, or human. This complicates efforts to reproduce empathy artificially,
because the cultural politics that shape emotion are not easily quantifiable or programmable. Still,
it is important to note that it does not guarantee Al is morally accountable singly, at least when we

are unable to have a technology break for it nowadays. Al systems are probabilistically producing
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responses based on patterns in data without truly understanding the context or content of what they
are saying. Under the limit of current technology, Al does not have true emotional comprehension
or moral responsibility; it can only mimic empathy to enhance user interactions. However, the
current status does not represent its future; if one day, there is a sudden technological breakthrough
and Al can finally understand a lot, the focus on Al empathy research may be the most crucial

factor that can timely prevent human civilization from being destroyed.

Since creativity fosters innovative answers to challenging moral conundrumes, it is also regarded
as another attribute that is considered necessary for Al systems to function as ethical agents. When
standard responses are insufficient, Al systems that are capable of coming up with novel concepts
and methods might be more suited to deal with them. In order to exhibit creativity in Al systems,
the systems can be designed through the use of generative adversarial networks (GANs). GANs
are a type of deep learning algorithm that is used for generating new and original content, such as
images, music, or text. They work by pitting two neural networks against each other, with one
network generating new content and the other network assessing whether the content is original or
not. By combining reinforcement learning with generative models, it is possible to design Al

systems that can generate new and creative content based on specific goals or constraints.

Because it enables them to adjust their behavior and response to novel and unexpected events,
adaptability is also essential for Al systems to operate as ethical agents. Al systems must be
adaptable to manage changing circumstances and dynamic surroundings, which is necessary to
make morally correct decisions. With machine learning techniques, Al systems can be adaptive by
allowing them to learn from their experiences and adjust their behavior accordingly. For the current
example, Al systems can enhance their performance over time by adjusting their tactics in response
to feedback from their activities, thanks to algorithms for reinforcement learning (Sutton & Barto,
2018, p. 45). More adaptive Al systems will be able to adjust to changing social standards and

difficult moral quandaries.

By offering a fundamental comprehension of real-world circumstances and the capacity for
informed judgment, common sense is another quality required for Al systems to operate as ethical
agents. Al systems can traverse the environment in a way that complies with moral and ethical

standards if and only if it is combined with common sense. Common sense can be incorporated
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into Al systems by integrating knowledge bases encompassing common sense and daily reasoning
guidelines. One approach to designing Al systems with common sense is through the use of
knowledge graphs. Knowledge graphs are a way of representing information in a structured format,
which can be used to model relationships between different pieces of information (Rajabi, 2022,
p. 3). Using knowledge graphs makes it possible to design Al systems that can reason about
relationships between various concepts and make predictions about the world based on their
understanding of these relationships (Rajabi, 2022, p. 5). This skill guarantees that Al systems

make judgments that align with ethical standards and human values.

Moral reasoning requires the capacity to assess decisions and their effects in light of ethical
principles; that is why it plays the foundation for Al systems to perform as ethical agents. Al
systems with moral reasoning can make morally righteous conclusions in addition to logical ones.
According to Wallach and Allen (2008, p. 95), Al systems that integrate ethical decision-making
frameworks and algorithms that assess activities following predetermined ethical rules can be
made to demonstrate moral thinking. For example, deontological ethics focuses on rules and duties,
and consequentialist ethics considers the outcomes of actions. Both can be integrated into Al
systems to guide their moral reasoning processes. Another approach to designing Al systems with
moral reasoning capabilities is through the use of ethical decision-making frameworks. These
frameworks are based on ethical principles and can be used to guide the decision-making process
of Al systems. For example, an Al system designed for medical diagnosis could be programmed
to follow ethical principles such as beneficence, non-maleficence, and respect for autonomy when
making diagnoses and recommending treatments. We can ensure that Al systems make morally
sound decisions by giving them strong moral reasoning abilities through the development process,

with the final result of advancing the welfare of people and society.

2.7 Shifts in Al regulatory policies

Over time, different policies have been implemented to ensure the governance of Al. This policy
has been implemented to ensure that Al is more manageable in light of its history and future with
upcoming generations. These policy regulations are rapidly evolving as governments and
organizations try to keep up with the rapidly advancing technology. The critical shifts in Al policy
regulations include an increase in focus on ensuring that Al technologies are developed and used

in a way that is ethical and respects human rights. Many countries are developing guidelines and
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codes of conduct to ensure that Al is used in a way that is transparent, fair, and accountable. As

such, the governance of Al is set to focus on ethics and human rights.

Similarly, increasing data use regulation is another policy that has been implemented to ensure
increased governance of Al. The use of data is critical to the development of Al, but there is also
concern about how data is collected, stored, and used. Governments are increasingly regulating
data use to ensure that it is used ethically and in a way that protects individuals' privacy. In addition
to increasing data regulation, government institutions and other bodies have also increased the
oversight of Al systems. As Al becomes more advanced, there is a need for greater oversight and
regulation of the technology. Governments are developing regulations to ensure that Al systems
are safe, reliable, and transparent and that they do not discriminate against certain groups of people.
Governments around the world are also increasing their investment in Al research to ensure that
they are not left behind in the development of technology. This investment is being used to support
research and development of new Al technologies and to support the development of the workforce
needed to create and use these technologies. The global increase in Al use has warranted the need
for greater collaboration and cooperation between governments and organizations. Governments
are working together to develop common standards and guidelines for developing and using Al
technologies, while organizations are collaborating to share best practices and develop common
approaches to Al development and deployment. The shifts in Al policy regulations reflect the
increasing recognition of AI's potential benefits and risks and the need for responsible development
and use of the technology. These policies will continue to evolve as Al technologies continue to

advance and become more integrated into our daily lives.

2.8 Controversies in Al governance

Bias and discrimination in Al systems have the potential to cause unjust treatment of particular
groups of people, which can perpetuate social and economic inequality. This is one of the major
issues concerning Al governance. Also, because Al systems are capable of making judgments that
have a big impact on people and society, there is a debate in Al governance on who is ultimately
accountable for these decisions and how they are made. Accountability for the effects of Al

systems on people and organizations may become more challenging as a result.
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Another major point of contention is the lack of transparency in Al systems. People may not trust
Al systems since it might be challenging for them to comprehend how these systems make
judgments. The difficulty in identifying prejudice and discrimination in Al systems may also result
from this lack of openness. Al system security and privacy are other significant issues. Al systems
have the potential to gather vast quantities of private information on people, information that might
be susceptible to hacking and other security lapses. Concerns exist regarding whether or not people

have control over their data, as well as how this data is utilized.

Finally, there is controversy over the regulation of Al systems. Some, such as Bostrom and
Yudkowsky (2014), argue that Al systems should be subject to strict regulation to ensure their safe
and ethical development and deployment. According to them, Al might seriously hurt people if
strict control is not implemented. Some of the negative effects include the reinforcement of
prejudices, invasions of privacy, and even existential threats to humanity (Bostrom & Yudkowsky,
2014, p. 318). Others, like Brynjolfsson and McAfee (2017), argue that regulation may stifle
innovation and hinder the potential benefits of Al; they contend that excessive regulation may
impede the development of technology and keep Al from realizing its full potential to boost well-
being, increase productivity, and address pressing global issues (Brynjolfsson & McAfee, 2017, p.
45). Considering these concepts Philosophically, it could be argued that there is more than one
way to strike a balance between innovation and regulation. Robust governance frameworks have
the capacity to facilitate the safe advancement of Al while also stimulating innovation. Regulations
that are adaptable and flexible can be implemented to reduce risks without adding needless
difficulties for developers and researchers. This strategy necessitates a commitment to continuous
communication between technologists, policymakers, and the general public, as well as a
sophisticated awareness of the unique hazards offered by various Al applications. To address these
concerns, these debates show how important it is to give these topics considerable thought and
establish Al governance frameworks. Ensuring that Al is developed and used in a way that
promotes fairness, transparency, and accountability requires the development and implementation
of responsible Al practices. In order to handle new issues and guarantee that Al is developed and
applied responsibly and ethically, it will also be important to continuously assess and enhance Al

governance frameworks.
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2.9 Problems in the Governance of Al

One of the biggest problems with Al governance is the lack of standardization in the development
and implementation of Al systems. There are currently no agreed-upon standards for the
development and deployment of Al, which can lead to inconsistencies and confusion in the
development and use of Al systems. Many frameworks for Al governance are limited in scope and
do not adequately address all aspects of Al development and deployment. For example, some
frameworks may focus on technical issues, such as algorithmic bias, but may not address broader

societal and ethical issues related to the use of Al

Similarly, there is a need for global coordination and cooperation in Al governance. Al is a global
issue that requires collaboration and coordination across different countries and regions. However,
there may be significant differences in the regulatory environments and cultural attitudes towards
Al across different countries, which can make it challenging to develop and implement consistent
and effective governance frameworks; another problem with Al governance is the rapidly evolving
nature of Al technology. Al is constantly advancing, which can make it difficult to develop and
implement relevant and up-to-date regulations and guidelines. Additionally, the rapid pace of
technological change can make it difficult for regulators and policymakers to keep up with new

developments in Al

Another problem with Al governance is the limited enforcement of existing regulations and
guidelines. Even if regulations and guidelines are in place, there may be limited resources or
capacity to enforce them, which can lead to non-compliance and unethical practices in the
development and deployment of Al systems. These problems highlight the need for ongoing
evaluation and improvement of Al governance frameworks to ensure they are effective, relevant,
and up-to-date. Additionally, there is a need for increased collaboration and coordination across
different stakeholders, including policymakers, industry leaders, and civil society organizations,

to develop and implement responsible Al practices that promote the public good.

2.10 Summary

This chapter examined the important issues and disputes related to Al governance. Because Al has
the potential to revolutionize a number of industries, including healthcare, banking, manufacturing,

and transportation, strong governance frameworks are essential. The deployment of Al should
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prioritize openness, explainability, and ethics. CEOs, organizational leaders, and governance
officers are essential in creating and sustaining these frameworks. Effective Al governance also
needs measurable metrics and regular evaluations, even with the lack of established benchmarks

at this time.

The historical background highlighted the evolution of Al and its challenges in characterization,

underscoring the need for a cohesive framework to solve.
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Chapter Three: Frameworks for Al Governance

Introduction

With Al stepping into nearly every aspect of our lives, crafting intelligent and adequate controls
is becoming increasingly evident and more crucial than ever. Think of managing Al as creating a
cookbook full of recipes for success—it mixes principles, guidelines, and blueprints/frameworks
to cook up technology that’s both responsible and beneficial for our society. But the fast-paced
growth and complexity of the knotty nature of Al toss quite a few hurdles our way towards

reaching that aim.

This chapter aims to address the challenges in Al governance by proposing solutions for
responsible and ethical Al development and deployment. We will explore key areas of concern,
including bias and discrimination in Al systems, accountability and transparency, security and
privacy, international harmonization, public engagement, continuous updates, and adaptation,
evaluation and certification, and ethical guidelines for research and development. By examining
these issues and offering potential solutions, we seek to contribute to the ongoing dialogue on Al

governance and foster a more informed and responsible approach to Al technology.

Overseeing Al throws us curveballs, especially when bias and exclusion show up uninvited in our
tech tools. If we have ever worried about computers repeating human mistakes because they were
fed prejudiced info—they can reproduce and reinforce existing societal inequalities. That is why
crafting smart guidelines becomes vital—to eliminate algorithmic bias from our databases, commit
fully towards clarity when deciding things to ensure fairness and transparency in decision-making,
not forget the careful balance needed to define responsibility mechanisms, to establish mechanisms
for accountability—are all essential governance priorities. For Al governance to be done right, we
need a mix of clearly defined responsibilities for Al outcomes while ensuring decision-making
processes are interpretable and reviewable; that is the reason why accountability and transparency
are crucial for responsible Al governance, involving holding individuals and organizations
responsible for Al's ethical implications and ensuring understandable decision-making processes.
Legal rules, keeping personal data safe, and checks from outside parties ensure transparency and
fairness. Imagine a system where our personal info stays protected yet can be used responsibly -

that is what building frameworks for privacy is all about: winning over trust one step at a time.
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Envision a world where every country aligns under unified Al standards, blending different voices
into one harmonious standard. But how could that be possible, given how different we are? Who
gets to decide the laws? What about those who disagree? How is the decision made? Is it
democratic? That is what we are aiming for - unity without confusion. When shaping policies for
Al involving communities ensures technology grows with us, not apart from us, because inclusive
Al governance involves public engagement and participation, incorporating diverse stakeholder
perspectives and aligning with societal needs — drawing on collective wisdom for shared success.
As technology races ahead, bringing new ethical puzzles with it and staying on top of Al
governance updates is not just bright—it is necessary. At the heart of advancing Al lies a
commitment to ensure Al technologies respect fundamental values and human well-being, to mold

them with ethics that respect essential morals, and to foster everyone's well-being.

Overall, when it comes down to overseeing Al effectively, we have significant challenges to
overcome—from fighting off any sort of biased thinking right down to locking things up tight so
everybody feels safe sharing their data online. We will need laser focus on remaining answerable
under watchful eyes everywhere (no slipping into shadowy corners), harmonizing international
guidelines—and never stopping looking ahead or reaching beyond academia when brainstorming
solutions that hold water ethically, too. We must face it; beating these challenges requires drawing
lines against partiality—firmly rooting for evenhandedness—and being crystal clear about who
answers when things go south. Trust grows when good laws are in place, everyone can see what
is happening, and our private information stays safe. Countries teaming up can smooth out the
wrinkles in regulations and ensure we are all playing our part in ethical Al growth around the globe.
Inclusive Al governance means bringing everyone to the table and listening to what people outside
our bubble have to say. With every leap in technology and each emerging question of right or
wrong, updating our regular frameworks becomes more than necessary; it is essential for progress.
Crafting responsible Al hinges on strict ethics - guiding lights for maintaining transparency,
fairness, and accountability while wrestling with dilemmas along the way. Think of it as steering
through uncharted waters with a map in hand - focusing on important areas and solutions gives us
the power to ride the waves of Al challenges while fishing out benefits for all. Building real
confidence in Al means putting ethics first by promoting responsible and ethical Al development
and deployment; we can build trust, address societal concerns, and foster a future where Al

technologies contribute to human welfare, equality, and progress—solving problems together
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while steering towards inclusivity will showcase how truly revolutionary Al can be when it works

hand-in-hand with human aspirations of betterment.

Philosophical Foundations of AI Governance

Building reliable Al is like going on a deep dive into philosophy. Every step forward we take in
crafting smart, useful tech is guided by big questions about what matters most to us as people.
Guiding every decision in Al oversight is a principle rooted deeply in ethics, steering us towards
using tech to enrich lives while holding fast to respect for human dignity. Grasping fundamental
truths behind sophisticated tools such as Al lights up dark corners for everyone from lawmakers
crafting rules to people programming tomorrow's apps by ensuring thoughtful approaches meet
nuanced quandaries and that these innovations spark within our lives. Looking closely at why we
govern Al the way we do, examining the philosophical roots of Al governance, and focusing on
underlying beliefs and guidelines leads us straight towards crafting Al technologies that stand up
well under scrutiny — ensuring they're good for society across the board. The journey to moral Al
takes cues from several ethical schools of thought—utilitarianism for outcomes that benefit most,
deontology for duty-based actions, virtue ethics focusing on character, and care ethics emphasizing

empathy—all aimed at upholding human dignity through technology.

3.2.1 Utilitarianism and Algorithmic Optimization

Utilitarianism, a philosophical theory that aims to maximize overall happiness and well-being, has
significantly influenced Al governance's focus on efficiency and productivity (Bentham, 1789, p
44). In the context of Al governance, this translates to designing Al systems that benefit the
greatest number of people (Tsamados, et al., 2022, p 3). Utilitarian principles can be particularly
influential in guiding the development of Al for tasks like:

1. Resource Allocation: Utilitarian frameworks can be applied to optimize the distribution of
resources, such as medical supplies or emergency services, during crises or natural disasters.
Al systems can analyze vast amounts of data to identify areas with the greatest need and

ensure resources are allocated efficiently to maximize overall well-being (Floridi, et al., 2020,

p5).
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2. Disaster Response: Al can be employed to analyze real-time data from sensors, social media,
and weather patterns to predict and prepare for natural disasters. Utilizing utilitarian principles,
Al systems can be designed to optimize evacuation routes, identify areas at risk of flooding
or landslides, and deploy resources to minimize casualties and property damage (Friedman.,

etal., 2016, p 3).
However, the utilitarian approach to Al governance faces significant challenges:

1. The Tyranny of the Majority: Utilitarian decision-making can prioritize the well-being of
the majority at the expense of minorities. Al systems designed based on utilitarian principles
might overlook the needs of specific demographics or social groups if their well-being is not
reflected in the overall happiness metric (Friedman, B., 2016,p 6).

2. The Measurement Problem: Quantifying human happiness and well-being is a complex task.
Utilitarian Al systems would require robust methods to measure and aggregate happiness data,
which can be subjective and prone to bias (Exton et al. 2015, p 23).

3. Distributional Issues: Utilitarian approaches might struggle with situations where
maximizing overall happiness necessitates unequal distribution of benefits or burdens. For
instance, an Al system managing an autonomous vehicle might have to make a split-second
decision to prioritize the safety of the driver or pedestrians in an accident. Utilitarian
principles would require the system to make the choice that maximizes overall well-being,

even if it results in sacrificing the lives of some individuals (Nyquist, 2016, p 4).

3.2.2 Deontology in AI Governance
Deontology, a philosophical theory that emphasizes moral rules and duties (Kant, 1785, p 34),
significantly informs Al governance's emphasis on accountability, transparency, and responsibility.
This ethical framework, which prioritizes adherence to moral principles and respect for human

dignity, guides the development of Al systems that prioritize fairness, privacy, and human rights.

Immanuel Kant's deontological theory (Kant, 1785, p 33), which focuses on the moral law and

universal moral principles, has influenced Al governance in several ways:

1. Respect for autonomy: The importance of respecting individuals' autonomy and decision-

making capacity is reflected in Al systems designed to prioritize user consent and privacy.
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2. Moral rules and duties: Emphasis on moral rules and duties is reflected in Al

governance's focus on accountability, transparency, and responsibility, ensuring that Al
systems are designed and deployed in ways that respect human rights and dignity.

Fairness and impartiality: Deontology's commitment to fairness and impartiality is
reflected in Al systems designed to avoid bias and discrimination, ensuring that Al

decision-making processes are fair and transparent (Rawls, 1971, p 6).

It has shaped Al governance in various areas, including:

1.

Data privacy: The emphasis on respect for autonomy and privacy has led to the
development of data protection regulations, such as the General Data Protection Regulation
(GDPR), which prioritizes individuals' control over their data (European Union, 2018).
Al ethics frameworks: It has influenced the development of Al ethics frameworks, such
as the OECD Principles on Al, which prioritize transparency, accountability, and human
rights (OECD, 2019).

Human-centered Al design: Its focus on human dignity and autonomy has led to the
development of human-centered Al design approaches, which prioritize human well-being

and flourishing (Shneiderman, 2020, p 10).

3.2.3 Virtue Ethics

Virtue ethics, a philosophical theory that focuses on character and moral virtues (Aristotle, 350

BCE), significantly influences Al governance's consideration of human values and ethical

principles. This ethical framework, which prioritizes the development of moral character and the

cultivation of virtues, guides the development of Al systems that promote human well-being,

dignity, and flourishing.

Aristotle's virtue ethics, which emphasizes the importance of moral character and the mean

between extremes, has shaped Al governance in several ways:

1.

Human flourishing: Its focus on human flourishing and well-being is reflected in Al

systems designed to promote human prosperity, happiness, and fulfillment.
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2. Moral character: The emphasis on moral character and virtues, such as compassion,
empathy, and fairness, is reflected in Al systems designed to prioritize human values and
ethical principles.

3. Contextual decision-making: The focus on contextual decision-making and the
importance of considering specific circumstances is reflected in Al systems designed to

adapt to complex and dynamic environments (Hurhouse, 1999, p 7).

Virtue ethics has influenced Al governance in various areas, including:

1. Value alignment: The emphasis on human values and moral principles has led to the
development of value alignment frameworks, which aim to align Al systems with human
values and ethical principles (Gabrielli, 2020, p 9).

2. Human-centered AI design: Human flourishing and well-being have led to the
development of human-centered Al design approaches, which prioritize human dignity and
prosperity (Shneiderman, 2020, p 3).

3. Ethical Al development: Moral character and virtues have led to the development of
ethical Al development guidelines, which prioritize transparency, accountability, and

human oversight (Shahriari, 2017, p 3).

Aristotle's ethical framework, according to Ober and Tasioulas (2024), provides a convincing
approach to Al ethics by highlighting the development of virtues and human flourishing as
essential components of moral Al; they advocate for Al systems conceived as “intelligent tools”
that support human capacities for reason, social engagement, and communication, rather than as
entities with moral agency. Similarly, Siemers (2024) explores the limitations of Al through an
Aristotelian lens, contending that Al lacks the capacity for moral virtue due to its inability to
engage in practical wisdom (phronesis) and to experience emotions—both essential components
of ethical decision-making in virtue ethics. The necessity for Al systems that not only carry out
tasks effectively but also conform to human values and advance society well-being is highlighted
by these viewpoints, which emphasize the significance of incorporating virtue ethics into Al

governance.
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3.2.4 Care Ethics
Care ethics, a philosophical theory (Gilligan, 1982, p 45) that prioritizes empathy, care, and
compassion, is increasingly relevant in Al governance, particularly in healthcare and social
robotics. It emphasizes the importance of caring relationships and the well-being of vulnerable

individuals and guides the development of Al systems that prioritize human well-being and dignity.

Carol Gilligan's care ethics, which challenges traditional moral theories and prioritizes care and

compassion, has shaped Al governance in several ways:

1. Healthcare AI: The emphasis on empathy, care, and compassion has led to the development
of healthcare Al systems that prioritize patient well-being and dignity (Johnson, 2020, p 3).

2. Social robotics: Its focus on vulnerability and care has led to the development of social robots
designed to support elderly care and disability support (Sabanovic, 2015, p 3).

3. Al ethics frameworks: Care ethics' emphasis on relationality and context has led to the
development of Al ethics frameworks that prioritize human relationships and contextual

decision-making (Carolina, 2022, p 52).

Leaning on various thoughts and drawing upon these diverse philosophical frameworks gives us
the edge in crafting more innovative rules for Al's road ahead with a more comprehensive approach,
as utilitarianism is all about maximizing overall well-being and social benefit in society's journey
to optimize for positive societal impact. Then we have deontology acting like a superhero
protecting/safeguarding fundamental rights; meanwhile, virtue ethics shapes heroes-in-the-making
every day, fostering heroes' responsibility for their actions. Pulling together different viewpoints,
we are on the path to a future where Al not only serves us but does so ethically and for our

collective good.

3.2.5 Political Philosophy

Beyond these ethical frameworks, political philosophies also shape Al governance approaches:

1. Since the inception of liberal democracy, the deployment of a certain level of accountability and
hearing the voice from the ground for public sentiment have always been cherished principles; in
the area of Al it includes the transparent decision-making processes in Al development and

deployment and mechanisms for public participation in shaping Al policies. Floridi and Cowls



90

(2019) propose a unified framework of five principles for Al in society, emphasizing the

importance of transparency and democratic oversight.

2. The discussions on the rights and responsibilities of Al developers, users, and regulators and
framing governance as a collective agreement to ensure Al benefits society while respecting
individual liberties is the nature of the Social contract theory. Coeckelbergh (2021) explores this
concept in depth, applying social contract theory to Al ethics.

3. By addressing Al's potential to exacerbate or mitigate social inequalities, influencing regulations
on data access, algorithmic fairness, and the distribution of Al-driven benefits, Distributive justice
concepts guide policies that address a very important role. Gebru (2020) examines these issues

through the lens of race and gender in Al development and deployment.

Challenges like data sovereignty and the need for global cooperation on Al safety have been solved
by shaping approaches to cross-border Al regulation from the Theories of global governance and
international relations. Cath et al. (2018) compare approaches to Al governance in the US, EU,

and UK, highlighting the importance of international cooperation and shared ethical frameworks.

Although these five approaches to Al governance differ in their focus—whether on outcomes,
duties, character, relationships, or political structures—they are best understood not in isolation
but in conversation with one another. Each framework emphasizes a different ethical or social
concern in the governance of Al. Together, these approaches provide a more balanced foundation
for thinking about how Al should be developed and governed. How to properly match the various
elements to achieve the best effect may be the answer we need to look for. Utilitarianism, for
example, is well-suited to contexts where large-scale impact and efficiency are critical, such as in
public health or logistics. However, its focus on maximizing overall outcomes can come into
tension with deontological principles, which emphasize individual rights and moral duties—
especially in cases where pursuing the greater good might infringe on personal privacy or
autonomy. Virtue ethics and care ethics, meanwhile, inject a relational and character-based lens
that grounds governance in the human experience, particularly in contexts like social robotics and
healthcare. These moral perspectives align naturally with political theories, especially social
contract theory and distributive justice, which frame governance as a collective project rooted in

fairness, participation, and legitimacy.
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Rationale for the Adoption

Ever since Al stepped onto the scene, it’s been raining opportunities mixed with a fair share of
tricky situations with the development and widespread adoption of itself, which shouts for a set
plan on how to keep it in check; it is imperative to establish frameworks for Al governance. Think
of these as your go-to rules for making and sharing Al without stepping on any toes, and these
frameworks will serve as guiding principles for responsible Al development and deployment. It’s
their goal to make sure they cover all bases - addressing ethics head-on, minimizing dangers along
the way, building trust with everyone while ensuring everything is above board legally, aiming
high to bring out AI’s best side for everyone's benefit, maximizing the positive societal impact of
Al technologies. Frameworks guiding Al aren't dry rulebooks but launchpads—launching us into
innovative heights while ensuring every person's dignity is respected and contributing to crafting
futures filled with shared opportunities, contribute to fostering innovation, protecting human rights,
and shaping a sustainable and inclusive future. Envisage navigating a city without any traffic laws.
That's what skipping out on Al frameworks feels like — chaotic and risky. In this context, several

reasons underline the necessity of frameworks for Al governance.

1. Ethical Considerations: Al technologies raise significant ethical concerns, such as privacy,
transparency, fairness, and accountability. We have to shield our secrets while playing fair.
Keeping everything crystal clear and pinpointing blame feels more crucial now than ever
before. Guidelines and principles in frameworks are here to ensure that Al systems not only
meet ethical standards but also respect human rights when they're built and used.

2. Risk Mitigation: Al systems can pose risks and unintended consequences. With frameworks
guiding us, spotting risks becomes easier while promoting an environment where everyone
understands why an Al made its choice - fostering trust along the way.

3. Public Trust and Confidence: Building public trust in Al is crucial for widespread adoption
and acceptance. Clear guidelines lay down the law on being open and just while centering
around our needs. It is how we are winning over hearts with Al technologies one community
at a time, with frameworks establishing guidelines prioritizing transparency, fairness, and user-
centric design, fostering trust and confidence in Al technologies among individuals,

organizations, and communities.
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Legal and Regulatory Compliance: Al tools play by the rules of law and follow guidelines
to keep things in check. It is like a rulebook for Al—making certain it respects personal space
online (privacy), guards secrets (data protection), does not steal someone else's brainchild
(intellectual property), avoids causing trouble (liability), and always admits when it messes up
(accountability).

Social Impact: Think of social impact as your footprint in the sand of humanity — every step
counts toward shaping a brighter future. From healing patients (healthcare) to shaping young
minds (education) and transforming job markets (employment) to reshaping laws (governance)
- Al's touch will be felt everywhere. Launching Al into our world comes with its set of
challenges and perks. The plan is simple yet ambitious: enhance what works well, for example,
automation in mundane tasks, without exacerbating issues like fewer jobs or increased
economic divides.

International Cooperation: Given the global nature of Al development and deployment,
frameworks facilitate international collaboration and harmonization of Al governance
standards. Imagine all the countries as partnership - they share strategies to overcome obstacles,
light up new pathways with innovative ideas, and make certain that their moves are ethically
sound across every border.

Responsible Innovation: Think of the framework as mapping out a path where Al developers
take every step to lift individual lives and the community to encourage responsible and
sustainable innovation. When crafting Al technologies, adopting a roadmap steers them toward
benefiting everyday human beings and society—this strategy sparks responsible innovation
that lasts. When we lead Al with ethics in mind, we make sure it treats everyone fairly while
boosting the common good as a priority by fostering fair treatment and social advancement.
Stakeholder Engagement: Frameworks incorporate mechanisms for engaging stakeholders,
including the public, experts, civil society organizations, and industry representatives. This
ensures diverse perspectives are considered in Al governance processes, enhancing decision-
making and avoiding undue concentration of power—no voice gets drowned out when setting
ground rules for our future with Al

Continuous Improvement: Al technologies and ethical considerations evolve, and the
frameworks are like living diaries; they get better by absorbing every lesson learned, making

sure tomorrow is a step ahead. It is all about staying connected - reviewing progress regularly,



93

pooling knowledge during consultations, and joining forces to integrate the latest strategies,
effectively tackling whatever comes next. Ethical challenges evolve right alongside the rapid
development of Al technologies. Imagine having a tool that adapts to change and learns from
it - that is precisely what frameworks do for us. The goal is clear — keep evolving by inviting
routine feedback loops where sharing insights on groundbreaking practices meets overcoming
recent hurdles together—all this against a backdrop of swift technological leaps forward.

10. Accountability and Responsibility: Frameworks emphasize the need for clear accountability
and responsibility for Al systems. Make sure we know exactly whose job it is to keep things
running right—clarity on who's accountable can prevent a lot of headaches down the road.
With these principles in place, both groups, big and small, are encouraged—not pushed—
toward recognizing their role in shaping an ethically sound future with Al. Every decision

counts; every action leaves a mark.

It is not enough just ticking off boxes legally when crafting AI—it is crucial to aim straight at
hearts with sincerity and even-handedness as we power forward technologically. That means
setting clear, ethically grounded guidelines that support both responsible development and careful
deployment. The goal isn’t just compliance—it’s building public trust, doing tangible good in the

world, and making sure Al delivers a meaningful, positive impact on society.

Insights from Various Frameworks

As Al continues to advance and permeate various aspects of our lives, there is a growing
recognition of the need for frameworks that govern its development and deployment. From global
institutions comes a clear message—they have set up frameworks ensuring our journey with Al is
marked by ethics, responsibility, and accountability at every step. Those shaping policies,
researching trends, or knee-deep in tech sectors stand to gain heaps from peering into these
guidelines—figuring out essential strategies for intelligent Al oversight becomes almost second

nature. From peeling back the layers of these strategies, here is what stands out:

1. Ethical Considerations: When crafting Al it is essential always to remember the ethical side
of things; these frameworks remind us of just that. Which highlights the need to ensure fairness,

transparency, accountability, and human-centric design in Al systems. By studying these
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methods closely, we're reminded to always keep ethics in the driver's seat—from collecting
data all the way to algorithm-based choices and integrating them into the entire Al lifecycle.
Risk Mitigation: Exploring the world of AI demands vigilance. When dealing with Al
technologies, the secret ingredient is preparation—being prepared for unforeseen events
ensures smooth sailing ahead before they happen, which makes all the difference in sailing
smoothly into success. Lessons can be learned from these frameworks to proactively identify
and manage risks associated with bias, discrimination, privacy breaches, and other ethical
concerns; this involves incorporating mechanisms for auditing Al algorithms, conducting
impact assessments, and establishing guidelines for responsible Al deployment.

Legal and Regulatory Frameworks: These frameworks also highlight the importance of
establishing legal and regulatory frameworks specific to AI. We need clear laws and
regulations just for Al to ensure it is used right and stays on track. To keep our private lives
private, make sure no one steals our creative thunder, protect us online, and pinpoint
responsibility when Al slips up—comprehensive legal guidelines are a must. Teaming up
around the world might be our best shot at harmonizing our handling of Al — aiming for an
open and equitable process.

Public Engagement and Participation: Engaging the public and listening to stakeholders
shapes better Al rules - there is much to learn here for guiding more thoughtful governance.
These frameworks set up ways to hear from everybody—think community forums, gatherings
where citizens hash things out together, and teamwork among various stakeholders. This way,
no perspective gets left behind unheard. Listening to the public, tackling bias head-on,
enhancing transparency and accountability, and making it easy for everyone to report issues
with Al can boost how open and responsible we feel this technology is.

Continuous Adaptation and Updates: The frameworks recognize the need for continuous
adaptation and updates to keep pace with evolving technologies and ethical considerations. We
should pencil in times to regroup—think tank style—with researchers from academia and
people who stir things up in business realms or advocacy networks to establish mechanisms
for regular reviews, consultations, and collaborations with academia, industry, civil society
organizations, and international bodies. We aim to stitch emerging gold-standard methods into

our quilt of strategies without missing a beat on newly cropping-up challenges or losing an
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ounce of effectiveness to ensure the frameworks remain relevant and practical while facing the

new challenge.

Comparative Analysis of AI Governance Frameworks

In this chapter, we will examine five prominent frameworks for Al governance: the European
Commission's Al Ethics Guidelines, the OECD Principles on Al, IEEE Ethically Aligned Design,
Al Governance by the Harvard Belfer Center, and the Montreal Declaration for Responsible Al
Step by step, We aim to provide a comparative analysis of these frameworks and identify key
similarities, differences, and areas for improvement. Reviewing how things are done in these
frameworks with governing Al allows us an up-close view of present issues and promising
prospects. To get a clearer picture, we plan to dissect these frameworks based on several criteria —
including what they aim to address, who calls the shots within them, and the ethical standards in
play here. Not only that, but we also want to check out just how effectively these plans turn theory
into action and identify weak spots that could use some work. Our goal is to fetch insightful
nuggets and lay out practical steps toward more intelligent Al regulation. To ensure a systematic
approach, we will analyze each framework based on its scope and focus, governance approach,
ethical principles, implementation and impact, and any gaps or areas for enhancement. Throughout
our examination, we will also reference recent works and research in the field to provide a
comprehensive and up-to-date perspective on Al governance. Through this systematic
examination, we aim to contribute to the ongoing discourse on responsible and ethical Al
governance and foster the development of frameworks that address the complex challenges posed

by Al technologies.

Each framework is developed to cater to a specific need or concern with Al systems. Therefore, it
results in more than one framework for Al governance. Because Al systems are so complex, every
group and stakeholder needs to come up with a unique set of frameworks that address their biggest
worries head-on. The need for diversity is also why there are so many frameworks for Al
governance and why they differ from each other. Depending on the person, Al systems bring a
mix of concerns and risks to the table. That is why governing Al means paying attention not only
to cold, complex data but also warming up to diverse human experiences and expectations shaped

by this technology.
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Furthermore, fine-tuning Al requires a personal touch due to their individual needs, spawning
different GuideRails depending on what exactly we are dealing with. As mentioned earlier, the
ethical and social impact of Al varies depending on the use case. For every field—be it health care
services or maintaining public safety—there exists a set of principles explicitly designed for
governing Al applications with precision. As the Al system progresses rapidly, new ethical and
societal concerns emerge; as a result, new frameworks will need to be developed or existing

frameworks updated to reflect the evolving landscape of Al governance.

Table — I Comparison of Governance Frameworks - Literature Review

Paper Title Author | Year | Summary Focus Areas
s
A Game- Zhang, |2023 This paper proposes | Governance
Theoretic Na, Kun a game-theoretic mechanisms,
Framework for | Yue, approach to Al Stakeholder
Al Governance | and governance, interactions,
Chao exploring the Strategy,
Fang strategic interactions | Decision-
[6] among different making

stakeholders and the

design of

governance

mechanisms.
Establishing a Al- 2021 The paper argues for | Al regulations,
Case for Barakati the development of | Governance
Developing a , a governance framework,
Governance Abdulla framework for Al GCC countries
Framework for | h [7] regulations in the

Gulf Cooperation
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Al Regulations
in the GCC

Council (GCC)
countries,
emphasizing the

need for specific

regional

considerations.
Al Governance | Samara | 2022 | This paper presents | Ethics,
and Ethics wickra an Al governance Sustainability,
Framework for | ma, and ethics Al governance
Sustainable Al M.[8] framework focused
and on ensuring
Sustainability sustainable Al

development,

considering the

long-term impact on

society and the

environment.
G20/0ECD OECD[ | 2015 | The paper outlines | Corporate
Principles of 9] the G20/OECD governance,
Corporate Principles of Accountability
Governance Corporate ,

Governance and Transparency,

examines their Responsibility

application to Al,
emphasizing the
importance of

accountability,
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transparency, and

responsibility.

The IEEE Chatila, | 2017 This initiative Ethical
Global Initiative | Raja, proposes ethical considerations,
for Ethical Kay considerations and Standards, Al
Considerations | Firth- standards for Al and | development,
in Al and Butterfi autonomous Autonomous
Autonomous eld, et systems, aiming to systems
Systems al. [10] guide their
development,
deployment, and
impact on society.
A Unified Floridi, | 2019 | The paper presents a | Transparency,
Framework of Luciano unified framework | Explicability,
Five Principles |, and consisting of five Responsibility,
for Al in Society | Josh principles Justifiability,
Cowls (transparency, Responsivenes
[11] explicability, s
responsibility,

justifiability, and
responsiveness) to
guide Al
development and
deployment in

society.
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Al Governance: | Clark, 2020 | This paper outlines | Research
A Research Jack, a research agenda agenda, Al
Agenda and for Al governance, | governance
Benjami identifying key
n Yelin research questions
[12] and areas of inquiry
to address the
challenges and
implications of Al
governance.
Ethical Allen, 2020 | The paper discusses | Ethical
Governance of | Gregory the importance of governance,
Artificial C.,and ethical governance | Policy
Intelligence Edward in the context of responses,
L. artificial Impact on
Glaeser intelligence, society
[13] exploring the ethical
considerations and
potential policy
responses to address
Al's impact on
society.
Fairer machine | Veale, | 2018 | This paper proposes | Fairness, Bias
learning in the Michael techniques to mitigation,
real world: , mitigate Machine
Mitigating Reuben discrimination in learning, Data
discrimination Binns, machine learning collection
and systems without
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without Max relying on sensitive

collecting data Van data collection,
Kleek aiming to ensure
[14] fairer outcomes and

address bias.

Perspectives on | Google | 2018 | This document Safety,

Issues in Al [15] presents Google's Fairness,

Governance perspectives on Privacy,
various issues Accountability
related to Al , Collaboration
governance,

including safety,
fairness, privacy,
accountability, and
the collaboration
between academia,
industry, and

policymakers.

The OECD Principles

The OECD Principles on Al are guidelines published by the Organization for Economic
Cooperation and Development (OECD) to promote responsible and trustworthy Al development
and implementation (OECD, 2015, p. 4). As a club, the OECD was formed in 1961 with one main
goal - ensuring its members get on the fast track to economic health and happiness through
cooperation and shared wisdom. Their collective effort unites representatives from thirty-eight
diverse lands with one shared goal — amplifying well-being by shaping more innovative global
economic strategies. The Organization for Economic Cooperation and Development (OECD)
published the OECD Principles in 1976 as part of its Guidelines for Multinational Enterprises. As

the public got more concerned about what international businesses mean for human communities
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and our planet's environment, new rules were developed. The OECD principles guideline was
revised in 2000 and again in 2011 to reflect changes in global economic and social conditions. In
2011, there was a fresh focus on human rights alongside demands that businesses step up their
game in green practices and full transparency while ensuring they are fair to customers, which

means environmental preservation, disclosure and transparency, and consumer protection.

OECD member countries approved the principles in May 2019. The Organization for Economic
Cooperation and Development's (OECD) 38 member countries have all officially embraced the
OECD Principles for Multinational Enterprises. In addition to these member countries, numerous
non-member countries, including Argentina, Brazil, Costa Rica, Kazakhstan, Morocco, Peru, and
Tunisia, have accepted the OECD Principles. Although these countries have formally adopted the
OECD Principles, the extent to which they are enforced and applied varies by country and the
individual circumstances of each multinational firm. Major players such as the United Nations
Global Compact are supporting from the sidelines as they see more companies adopting policies
that protect nature and value social responsibility according to some key principles. Additionally,
while the OECD Principles are voluntary, many MNEs have adopted them as part of their corporate
social responsibility (CSR) policies and practices. By embracing these core values as their north
star, businesses can signal they are on top of responsible behavior, earn kudos, and enhance their
reputation from their clients to employees and even those holding the purse strings, including

investors and other stakeholders.
3.6.1 Purpose

When it comes to doing right by society while chasing profits around the globe, multinational
firms can lean on solid guidance from the "OECD Principals." It provides wisdom explicitly
designed for such entities to properly identify potential mishaps or any hurdle imaginable with a
framework for MNEs to operate in a way that respects the rule of law, stimulates economic growth
and development, and promotes responsible business practices. Essentially acting like beacons in
murky waters, these set guidelines aid world-spanning firms to comply meticulously with
legislations and fuel financial upturns while endorsing principled commerce actions. A dispute
settlement framework between MNEs and host country governments is also included in the OECD

Guidelines for Multinational Enterprises. They have a unique way of problem-solving when things
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get tense between big businesses and governments, and that's what the Guidelines offer with their
cutting-edge concept called National Contact Points (NCPs), encouraging talks to work through
differences. On the other hand, the OECD Multinational Enterprise Principles aim to promote
responsible corporate behavior among multinational enterprises (Multinational corporations in the
field of AI) and global economic progress. The framework provided by its principle helps global
tech giants not just play fairly legally but also push forward with innovation that contributes
positively to economies - this is what those principles aim to do. Plus, they keep urging businesses
to act responsibly, too. Adhering to OECD principles would ensure that governments and
multinational corporations in Al support and respect fundamental human rights, environmental

protection, fair labor standards, anti-corruption, and consumer protection.

Regarding human rights, OECD norms require multinational enterprises in Al to respect all
individuals affected by their actions, including employees, local communities, and other
stakeholders. Uphold workers' freedom to join forces, discuss terms as a group, and enjoy a
workplace free from bias—all in an environment prioritizing safety and health. Multinational Al
enterprises must also avoid being complicit in human rights crimes committed by governments or
other parties. With an encouraging nudge from the OECD regulations, multinational companies in
Al are becoming eco-friendly leaders, too. Foreseeing potential ecological snags and proactively
preventing damage is necessary because it's their responsibility to protect their operations'
ecological consequences and take steps to prevent negative environmental consequences. Taking
care of Earth calls for using less polluting ways; it involves minimizing carbon footprints left
behind by greenhouse gases as much as halting activities ruining land or seas around us to conserve

natural resources.

In order to achieve responsible corporate conduct, the OECD guidelines encourage multinational
enterprises in Al to act ethically and transparently, with honesty and fairness. For those global
giants in Al, complying with recommended standards, valuing community traditions, and avoiding
missteps that harm their good name is non-negotiable for keeping trust with the public. The OECD
provides these guidelines as standards for fair global competition, strongly advising companies
against manipulating market prices, rigging bids, abusing dominant positions, or engaging in anti-
competitive behavior. Multinational Al firms are thus expected—though not legally required—to

adhere to ethical standards and avoid practices that could result in unfair advantages. The OECD’s
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Al guidelines emphasize consumer protection and clarity in system development, recommending
that Al industry leaders proactively share up-to-date information about their operations and
communicate openly with the public. While these guidelines do not have direct legal force,
multinational firms are encouraged to provide stakeholders with access to essential information
and maintain accountability. Regarding consumer protection, the guidelines similarly advise,
rather than legally mandate, that multinational Al firms respect consumer rights, ensure product

safety, quality, and fair marketing practices, and avoid deceptive marketing.
3.6.2 Achievements

The OECD Al guidelines have set many milestones in regulating Al systems since its adoption in
1976. Thanks to the OECD's rules, giant tech firms worldwide are now playing by a new set of
standards that champion responsible behavior in their Al ventures. Crafting helpful Al is as much
about supporting our communities and safeguarding nature as it is about tech specs. That is where
those all-important guidelines come into play! Thanks to the OECD guidelines, we are seeing Al
technologies flourish with sustainable growth well into the future. Think of it as the OECD laying
down ground rules; they want companies on board with safeguarding nature while conducting
ethical operations that benefit everyone involved - essentially setting up businesses to thrive
responsibly well into the future. Regarding crafting Al nowadays, there is a strong push towards
initiatives that care for our world as much as they do about community welfare and economic

progress.

Another big win has been how multinational corporations and their host countries are getting along
better in the sandbox of Al, all thanks to some handy guidelines laid down by the OECD. These
principles act like referees in disputes while tackling challenges during creation, design phases, or
even distribution dramas related to Al systems. The Al design and development scene feels more
like calm seas, with steady and predictable conditions guiding our journey. Through teamwork,
fresh concepts bubble up as we lay down the law on building and launching Al systems. Regarding
pushing transparency, the OECD's rules on Al encourage giant international firms to keep their
activities crystal clear. The big Al companies are getting a gentle push from the OECD Principles.
They are being asked to regularly spill the beans on their performance and operations impact while

having honest conversations with anyone with a stake in the world of Al. This Better method for
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designing and getting cutting-edge Al tools out has made firms step up responsibly. This move has
warmed up relations between big names and the wider world. Multinational firms in Al may be
relied on to create Al systems that correspond with human attributes and qualities and keep them

in check at all times.
3.6.3 How does the OECD differ from other frameworks?
The OECD Principles on Al differ from the other frameworks in several ways:

1. Multi-Stakeholder Approach: Emphasizing a multi-stakeholder approach to Al governance,
collaboration and dialogue among governments, businesses, civil society, and academia are
encouraged to address the challenges of Al collectively. The goal here is simple yet powerful
— to bring diverse minds, diverse perspectives, and expertise together to forge Al systems
designed with an inclusive approach.

2. Human-Centric Focus: To center everything around everyone's needs and experiences. When
we talk about crafting Al with care, it means putting together systems where everybody wins;
these tech marvels are set up to protect our freedom and joy while cherishing what makes each
of us unique. Every piece of Al we create is designed to be innovative and mirror what we
stand for as people, benefiting the public far and wide. Never forget that respecting human
rights, diversity, and inclusion is an eternal issue for both humanity and Al

3. Emphasis on Transparency and Explainability: To highlight the importance of transparency
and explainability in Al systems, clear communication of Al system capabilities and
limitations to users is called for, promoting trust and understanding. The goal is to focus on
transparency, ensure that individuals can make informed decisions, and hold Al systems
accountable.

4. Robustness, Security, and Safety: This trio - toughness, safeguarding, and ensuring safety —
drives everything we do. From day one till the end of their days, Al technologies must be built
like fortresses — unbreakable and always on guard. This means we have to bake reliability and
safety right into their core. By focusing here, we are admitting there is work to do. Clearing up
any bias or design flaws in Al is not just brilliant; it protects us from unexpected nasties down

the road.
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5. International Cooperation: When nations join hands globally. With every country joining in
a giant brainstorming session for AI rules - that is what this initiative aims at—sharing
successes and agreeing on tactics so that navigating the world of Al becomes less of a wild
ride globally to ensure consistency and coherence in addressing global Al challenges. Steering
Al governance smoothly means joining forces across the globe with coordinated efforts across

borders.

The OECD Principles on Al aim to guide policymakers, businesses, and other stakeholders in
developing responsible and trustworthy Al systems that have the capability to benefit individuals

and society as a whole.

3.7 European Commission's Ethics Guidelines for Trustworthy Al

The European Commission's guidelines provide a framework for trustworthy Al, ensuring that Al
is developed and used transparent, accountable, and equitably (Eve, 2021, p. 6). The rules establish
seven important principles that Al should follow: human agency and oversight, technical durability
and safety, privacy and data oversight, openness, diversity, equality, and societal and sustainable
development. The recommendations also include a procedure for determining the trustworthiness
of Al systems. The European Commission's Ethics Guidelines for Trustworthy Al are more
thorough than the Organization for Economic Development's Al Principles and provide detailed
recommendations on building and deploying trustworthy Al (Bird & Bird LLP, 2020, p. 2). The
principles address various challenges, including individual responsibility and oversight, technical
durability and security, confidentiality and information governance, and socioeconomic and

sustainable development.

The High-Level Expert Group on Al, comprised of 52 experts from academic institutions, civil
society, and industry, was formed in June 2018 to develop the European Commission's Ethics
Guidelines for Trustworthy Al (Tristan, 2022, p. 1). The group was entrusted with creating a set
of Al ethics standards to address Al systems' social, ethical, and legal ramifications. The High-
Level Expert Group conducted extensive consultations with European stakeholders. This
procedure includes a public consultation, to which over 500 people responded, workshops, and
stakeholder meetings. In addition, the group did a thorough literature analysis to identify best

practices and emerging trends in Al ethics (Tristan, 2022, p. 4). In April 2019, the final edition of
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the Ethics Guidelines for Trustworthy Al was published. The principles guide building and
deploying human-centric, transparent, and accountable Al systems. They also give practical

suggestions for putting these ideals into action.

Since its publication in 2019, governments, international organizations, corporations, and civil
society organizations have widely acknowledged and implemented the European Commission's
Ethics Guidelines for Trustworthy Al (Eve, 2021, p. 5). The recommendations have affected
national and regional Al initiatives in various European nations, including Finland, France, and
Germany. The Finnish government's Al strategy openly mentions and pledges to follow the rules.
The European Commission's Ethics Guidelines for Trustworthy AI have also been cited in
international projects such as the OECD's Al Principles and the Global Partnership on Al (GPAI),
both of which have representation from numerous European countries (Tristan, 2022, p. 6).
Furthermore, major firms and industry organizations, including Microsoft, IBM, and the European

Association for Al (EurAl), have endorsed and committed to implementing the recommendations.
3.7.1 Purpose of the European Commission's Ethics Guidelines for Trustworthy Al

The European Commission's Trustworthy Al Ethics Guidelines provided a framework for creating
and deploying human-centric, transparent, and accountable Al systems (Andrew, 2019, p. 8). The
recommendations aim to ensure that Al is created and used by core human rights and values such
as fairness, transparency, accountability, and privacy. The recommendations also address the
social, ethical, and legal consequences of Al systems and promote responsible Al development
and deployment. They offer practical recommendations for putting these concepts into reality, such
as advice on the design, development, and deployment of Al systems and their governance and

monitoring (Andrew, 2019, p. 8).

In addition, in response to Al's growing use and impact on society, the European Commission
created the Ethics Guidelines for Trustworthy Al. Al has the potential to provide considerable
advantages. Nonetheless, it creates social, ethical, and legal concerns, such as the possibility of
bias, discrimination, and invasion of privacy (European Commission, 2019, p. 14). As a result, the
European Commission's Ethics Guidelines for Trustworthy Al include provisions for ensuring the
control and governance of Al systems in the face of potentially harmful impacts. The

recommendations address these issues by encouraging a human-centered and responsible approach
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to Al development and implementation. Transparency, justice, accountability, and privacy are
among the major ethical concepts and values outlined in the standards, which should drive the
development and deployment of Al systems; ensuring openness in the design, construction, and
deployment of Al systems assists various Al stakeholders in dealing with any adverse effects of
Al systems that develop. Al systems are monitored and thus assist in avoiding any harmful
influence of Al systems by assuring accountability. The guidelines outline ethical concepts and
practical instructions for implementing these ideas; this covers advice on the design, development,
and deployment of Al systems and their governance and monitoring. The recommendations also
underline the need for a thorough and constructive dialogue with stakeholders such as civil society

organizations, industry, and academic institutions.
3.7.2 Achievement

The European Commission's Ethics Guidelines for Trustworthy Al have had a tremendous impact,
shaping the global discourse about Al ethics and responsible Al development and deployment (Eve,
2021). They now have sway over national and regional Al agendas. The recommendations have
affected national and regional Al initiatives in various European nations, including Finland, France,
and Germany. These countries have specifically referred to the recommendations and pledged to
follow them. Another accomplishment of the European Commission's Ethics Guidelines for
Trustworthy Al is international recognition and inclusion in projects such as the OECD's Al
Principles and the Global Partnership on Al (GPAI), both of which include representatives from
various European countries The European Commission's Ethics Guidelines for Trustworthy Al
have established a benchmark for ethical Al development and deployment, giving a framework for
developers and policymakers to ensure that Al is utilized by fundamental human rights and values
Furthermore, the European Commission's Ethics principles for Trustworthy Al have paved the
way for various industries to endorse Al principles and regulations. Microsoft, IBM, and the
European Association for AI (EurAl) are companies and industry organizations that have endorsed
and committed to implementing the standards. The guidelines have also influenced other sectors
beyond Al, such as healthcare, where they have been used to develop ethical guidelines for using

Al in medical decision-making (Christine, 2019).
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The recommendations have been utilized to enhance public awareness, increase the engagement
of various Al stakeholders, and support capacity-building activities about people. The
recommendations have aided in increasing public understanding and engagement in Al's social,
ethical, and legal ramifications, hence encouraging broader public debate and scrutiny of Al
development and deployment. The European Commission's Ethics Guidelines for Trustworthy Al
have encouraged stakeholders to create and implement Al systems, including civil society
organizations, industry, and academic institutions; this has contributed to many ideas and voices
in developing Al policy and practice. The guidelines emphasized capacity building and training
on ethical Al research and deployment, fostering a better knowledge of the ethical implications of
Al and providing guidance on how to address them. Finally, the European Commission's Ethics
Guidelines for Trustworthy Al have directed the European Union and its member states to foster
responsible Al development and deployment, including guidelines on dealing with bias,

discrimination, and privacy violations (Christine, 2019).
3.7.3 How do the European Commission's Ethics Guidelines for Trustworthy Al differ

The European Commission's Al Ethics Guidelines differ from the other frameworks in several

ways:

1. Focus on Ethics: The European Commission's Al Ethics Guidelines emphasize ethical
considerations in Al development and deployment. While other frameworks also touch upon
ethics, the European Commission strongly emphasizes ensuring that Al systems are developed
and used in a manner that aligns with ethical principles and values.

2. Regulatory Approach: The European Commission's Al Ethics Guidelines have a regulatory
focus unlike other frameworks. They aim to inform the development of legal and policy
frameworks for Al governance at the European Union level. The guidelines provide
recommendations for ethical Al, but they also aim to guide the creation of enforceable rules
and regulations to ensure compliance.

3. Addressing Legal Implications: It extensively addresses the legal implications of Al. They
emphasize the importance of compliance with existing laws and regulations, such as data
protection and privacy laws, while also proposing potential legal updates to adapt to the

challenges posed by Al technologies.
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4. Emphasis on Human Agency and Accountability: It stresses the importance of human
agency and accountability in Al systems. They advocate for transparency and explainability in
Al decision-making processes and mechanisms for human oversight and control. These aspects
are specifically highlighted in the European Commission's approach.

5. Strong International Collaboration: The European Commission's guidelines emphasize the
need for international collaboration and cooperation in Al governance. They advocate for
developing global standards and aligning regulatory approaches to ensure consistency and

avoid fragmentation in Al ethics and governance practices.

At the heart of the European Commission's Al ethics guidelines is a simple yet powerful idea: Al
should be developed in harmony with our most deeply held values, including human dignity,
freedom, and equality, drawing on normative and virtue ethics. They aim to adopt a robust
regulatory legal and policy framework and guidelines that cater to the greater good, reflecting
deontological ethics and social contract theory at the EU level. Privacy laws, data security, and
ethics — the guidelines leave no stone unturned, forging a solid legal foundation for Al innovation,
ensuring lawmakers are on the same page, proposing legal updates, and tying into legal ethics and
applied ethics. They stress the importance of human agency and accountability; to truly wrestle
Al's power into a positive force, these change-makers advocate that architects of these systems
must step up, keep aligning between transparency, explainability, and human oversight in Al
systems and the concepts of autonomy, accountability, and responsibility; and yielding decision-
making autonomy only when machines are demonstrably transparent, explainable and fair under
human oversight. Furthermore, they underscore that regulatory harmony and shared ethical
principles rely on joint international efforts. Only if every country puts resources and work as one
can humanity construct a framework that fosters cooperation and brings rogue nations into the fold.
Collectively, with Al technology comes a bewildering array of challenges — these guidelines
integrate various ethical frameworks and corral them into a cohesive, ethics-driven response in

order to comprehensively address the multifaceted challenges posed by Al technologies.

3.8 Montreal Declaration for Responsible Al

The Montreal Declaration presents a set of principles and ideals for responsible Al, ensuring that
Al is created and implemented transparent, accountable, and human-rights-compliant (DDS, 2018).

This is a roadmap made up of ten crucial steps. It is essential to be open about how we work, own
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up to our actions, keep personal details safe, and back technology solutions that are kind to both
society and nature. Crafting responsible Al is not just brilliant; it is essential. That is where the
Montreal Declaration for Responsible Al steps in with its powerful list of do's — be transparent
about our workings, own up to our actions, and promote what we hold dear as humans. When
laying down the law for Al, tapping into diverse expertise and valuing every stakeholder's
viewpoint turned out to be critical moves agreed upon by those at its forefront. The Montreal
Declaration on Responsible Al was conceived in early 2018 as worries about the possible risks
and unexpected repercussions of fast-progressing Al technologies increased. The International
Observatory on the Societal Impacts of Al and Digital Technologies at the Université de Montréal
assembled a group of experts and stakeholders from around the world to produce a set of ethical

standards for the development and use of Al (DDS, 2018, p. 6).

Face-to-face talks were just one part of it - the Observatory also launched an online survey to catch
thoughts and suggestions from across the globe, aiming for a Declaration that genuinely mirrors a
mix of perspectives. The drafting process of Al specialists and stakeholders was led by a drafting
committee responsible for generating the initial draft of the Declaration based on consultation input.
A larger group of stakeholders reviewed and revised the draft before being finalized in September
2018. The final version of the Montreal Declaration was released in June 2019 at the Al for Good
Global Summit in Geneva, Switzerland. Garnering applause worldwide, many see this step as

pivotal in sketching out what playing fair with Al looks like.
3.8.1 Purpose of Montreal Declaration for Responsible Al

The Montreal Declaration on Responsible Al establishes ethical standards for developing and
deploying Al systems. It seeks to promote Al's safe and constructive use while reducing potential
hazards and unforeseen consequences (Yoshua, 2018, p.7). The Declaration includes ten principles
for responsible Al development and use. These ten commandments in the Declaration remind us
to promote transparency and accountability, respect people's rights as they are non-negotiable, stay
clear from bias, safeguard data integrity, and—a nudge towards eco-friendly innovation. With the
Montreal Declaration guiding us, it gives a framework for parties involved in Al development,
deployment, and regulation, such as academics, developers, policymakers, and end users, where

people working on Al—from those deep in research labs to decision-makers drafting policies—
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have clear principles ensuring every step forward is taken with responsibility at its core.
Stakeholders may assist in guaranteeing that Al is created and utilized in ways that benefit society

by adhering to these guidelines.

In addition to offering ethical standards, The Montreal Declaration strives to stimulate debate and
cooperation among Al community stakeholders. The call is clear—stakeholders should collaborate.
Together, stakeholders can address the complex ethical and societal concerns generated by Al and
develop new solutions that enhance the benefits of Al while reducing its potential downsides. The
Montreal Declaration for Responsible Al criteria is designed to be flexible and adaptable to varied
circumstances rather than prescriptive or exhaustive (Yoshua, 2018, p. 4). Instead, they are
intended as a starting point for stakeholders to build their ethical norms and best practices for Al
research and implementation. Consider this an invitation to innovate within ethics — they lay out
initial steps that encourage creators, thinkers, and doers in the Al space to define good practice on
their terms while exploring new territories responsibly. With the Montreal Declaration, there is a
push to make sure Al helps us all and avoids causing harm along the way. We can also ensure that
people's rights and dignity are always protected by embedding ethics such as justice, transparency,

and accountability directly into how we design and operate Al systems.

One top priority for the Declarations is zeroing in on eliminating biases issues and discrimination
and ensuring fairness within Al technologies. Often, Al learns from already biased data, risking
the chance of making those unfair patterns stronger and more common. The Declaration aims to
ensure that Al systems are created and deployed in ways that prevent the establishment or
additional reinforcement of unfair bias and promote diversity and inclusion (DDS, 2018, p. 7).
Making Al creation and application transparent and accountable is at the heart of what the
Declaration stands for. Everyone connected with the projects gets a heads-up on what could go
wrong with Al - it is all about staying two steps ahead of any trouble. Another key focus is on
making people answerable for what their Al does and peeling back the curtain on the tech black
box—Ilike which data bits and code chunks get it ticking. For anyone looking into Al seriously,
the Montreal Declaration is like a wise friend advising on its responsible application and study.
The global Al community is waking up to the fact that ethics matter—a lot. Sticking to moral

principles is not optional to steer this powerful technology on a path of safety and benefit.
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3.8.2 Achievements of the Montreal Declaration on Responsible Al

The Montreal Declaration on Responsible Al's key accomplishment is getting worldwide
recognition (Jacob, 2017, p. 3). Over 150 organizations and individuals worldwide have signed
the Declaration, including significant technology corporations, academic institutions, and civil
society organizations (Jacob, 2017, p. 9). The consensus is growing stronger every day -
responsible Al needs solid ethical rules, say experts and enthusiasts alike. A bunch of governments
around the globe are now using ideas from the Montreal Declaration to shape their own Al rules
and game plans. Among these are Canada, France, the European Union, and the city of Amsterdam.
With eyes around the globe on it, that important message is now at the heart of many key
conversations between people making decisions about how Al comes to life—from its initial
sketches to hitting our screens. Stirring awareness of both opportunities presented by innovative
tech, such as Al, is vital. From that starting point laid out by the Declaration, which encourages
essential dialogues connecting scholars and stakeholders with enthusiasts keenly observing every
shift, ensures nothing gets lost amid rapid digital evolution. This has resulted in a better
understanding of Al's possible risks and unexpected repercussions and the development of novel

solutions to these difficulties.

The Montreal Declaration on Responsible Al has also significantly impacted the development of
Al systems. Since those groundbreaking ideas from the Declaration came into play, we have seen
a real shift towards creating and leveraging Al technologies responsibly. It is all about balance—
keeping an eye on fairness while designing algorithms ensures we are not letting any hidden biases
sneak into our Al systems by accident since it will have a long-term effect in the future in the
development of algorithms and datasets used in Al systems, that is the reason why it should ensure
that Al systems do not perpetuate bias at the very beginning. They are really emphasizing how
crucial it is to build Al with an eye toward being answerable and crystal clear—to prevent any
unwanted side effects. From its inception, the Declaration has inspired numerous guides on how
to navigate Al ethically; its principles have been the foundation for developing various Al ethical
guidelines and frameworks, such as the OECD's Al Principles and the IEEE's Ethically Aligned
Design
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3.8.3 How the Montreal Declaration differs from other frameworks

1.

Focus on Human-Centric Approach: The Montreal Declaration strongly emphasizes a
human-centric approach to Al The focus here is clear: treat everyone respectfully by
acknowledging their rights. Let no one feel left out as we pave our way through developing Al
innovations; instead, let us nurture an environment where well-being is not just an afterthought.
It is all about ensuring Al works in favor of the public using it — keeping individual and
community benefits at the heart of tech advances. While laudable, this approach raises
questions about how we define and measure human well-being in the context of Al. There's a
risk of anthropocentric bias - are we considering the broader ecological impacts? Additionally,
different cultures may have varying concepts of well-being, potentially leading to conflicts in
global Al development.

Collaborative and Inclusive Process: This is a joint effort where every opinion matters. A
dream team of researchers and public voices rolled up their sleeves together. They were set on
creating something that wasn't just good but great for everyone involved. Listening to varied
perspectives ensures our approach to Al is inclusive and responsible—it's about getting the full
picture before making any moves. There's also the question of how to weigh different voices -
should AI experts' opinions carry more weight than the general public's? This relates to
longstanding debates in the philosophy of science about the role of expertise vs. democratic
input in technological development.

Commitment to Addressing Bias and Discrimination: There is an acknowledgment here
that our Al tools are not perfect. They come with risks like bias or discrimination, which we
absolutely must address. Building Al with a fairness backbone means ensuring it treats
everyone equally - no matter their skin color, who they love, what gender they think they are,
or the balance in their bank account. This commitment is crucial but extremely challenging to
implement. Al systems often reflect societal biases present in their training data. Eliminating
these biases may be impossible, raising questions about acceptable levels of bias and who gets
to decide. This connects to philosophical debates about objectivity in science and technology.
Emphasis on Accountability and Governance: For Al development to succeed without
causing unintended consequences, identifying key players and setting up firm rules of
engagement are non-negotiables. When creating Al technology, we focus on making

everything transparent and holding ourselves responsible at every turn—from collecting the
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data to continuing through how the algorithms make decisions. The emphasis on transparency
is positive but may conflict with the proprietary interests of Al developers. There's also the
question of who governs the governors - Quis custodiet ipsos custodes? (Satire VI, lines 347—
348). This relates to broader issues in the philosophy of technology about control and oversight
of powerful technological systems.

5. Global Perspective and International Collaboration: With an eye on Al's universal reach,
the Montreal Declaration stresses joining forces internationally to make the most out of this
technology while smoothing out any bumps in the road. The goal here is to establish
international best practices for using Al in an accountable and trustworthy way. With every
country and organization joining forces - and ensuring everyone agrees on how best to roll out
intelligent Al practices. While admirable, this approach may face significant hurdles due to
geopolitical tensions and differing national interests in Al development. It also raises questions
about technological colonialism - will Western values dominate global Al ethics? This
connects to postcolonial critiques in the history of science and technology.

6. Practical Implementation Guidance: It goes beyond principles and provides practical
guidance for the responsible development and deployment of Al. Forget just learning the dos
and don'ts; this is the playbook for everyone who wants to bring responsible Al solutions to
life. From lab experts to policymakers in government halls and companies pushing boundaries
to citizens, this strategy lays out key moves for keeping Al benefits high and risks low.
Providing actionable guidance is valuable but risks becoming outdated quickly, given the rapid
pace of Al development. There's also a danger of a one-size-fits-all approach that may not

account for context-specific ethical considerations.

The Montreal Declaration for Responsible Al stands out for centering around human values first,
pulling experts together, standing firm against prejudice, championing transparent oversight,
adopting an international outlook, and sharing actionable insights — this declaration turns noble
aspirations into achievable plans for responsible Al advancement. There is a big push towards
getting Al to reflect societal norms while playing a positive role in enhancing community life and
ensuring that Al technologies align with societal values and contribute to the well-being of

individuals and the community.
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In tackling Al ethics, we're presented with a staggering trade-off: commendable idealism versus
the harsh realities of implementation. The attention is thoughtful for this Al ethics to undertake,
but it also shows the task's immense complex nature. The fundamental questions about the nature
of intelligence, consciousness, and ethics raised by it have already been debated by philosophers
for centuries. The declaration's approach aligns with a consequentialist ethical framework,
focusing on outcomes and benefits, but one could argue for a more deontological approach based
on inviolable rights and duties. Posthumanist thinkers could undoubtedly take issue with the
declaration's devotion to human well-being and values, calling instead for an ethics overhaul that
relegates human needs to a lower rung in the hierarchy as our artificially intelligent creations gain
speed, which means humanity needs to move beyond anthropocentric ethics as we develop

potentially superintelligent Al systems.

These points connect to broader debates in the philosophy of technology about technological
determinism versus the social shaping of technology and raise questions about the extent to which

we can truly control and direct the development of transformative technologies like Al

3.9 IEEE Global Initiative for Ethical Considerations in AI and Autonomous Systems

The IEEE Global Initiative proposes a framework for ethical considerations in Al and autonomous
system development and deployment (IEEE SA, 2023, p. 2). The framework is based on eight
guidelines: accountability, openness, and human rights respect. The project also includes a set of
scenarios and applications that demonstrate how the principles might be put into action. The IEEE
Global Initiative on Ethics of Autonomous and Intelligent Systems is concerned with the ethical
design and development of self-driving and intelligent systems. The effort has produced a set of
ethical principles that include openness, responsibility, privacy, well-being, and well-being, as

well as guidelines for incorporating these concepts into the design and development of Al systems.

In order to address growing concerns about the ethical implications of Al and autonomous systems,
the IEEE Global Initiative for Ethical Considerations in Al and Autonomous Systems was created
in 2016 (Chatila et al., 2017, p. 3). The Institute of Electrical and Electronics Engineers (IEEE),
the world's largest technical professional organization dedicated to promoting technology for the
benefit of humanity, founded the Initiative. The IEEE Global Initiative was created by

collaborating with many stakeholders, including industry executives, academic researchers,
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policymakers, and ethicists. Adopting the Initiative has taken several forms, such as incorporating
its framework and standards into national rules and guidelines, utilizing its resources and teaching
materials, and engaging in its global network of experts and stakeholders. The United States,
Canada, the European Union, Japan, and Australia are among the countries that have embraced the
IEEE Global Initiative's structure and standards. The foundation of the Initiative has been included
in the National Institute of Standards and Technology's (NIST) Guidelines for Trusted Al, which
guide designing, developing, and implementing trustworthy Al systems (BCSSS, 2017). Similarly,
the Canadian Institute for Advanced Research (CIFAR) has accepted the Initiative's paradigm and
is using it to drive ethical Al research (BCSSS, 2017, p. 6).

The IEEE Global Initiative framework has been incorporated into the European Commission's Al
ethics guidelines in the European Union, which guide the ethical development and use of Al
systems in the EU. The Ministry of Economy, Trade, and Industry (METI) has accepted the
Initiative's framework to govern its ethical Al research in Japan. The IEEE Global Initiative has
also been implemented at the organizational and institutional levels. The IEEE Standards
Association, for example, has produced a set of guidelines founded on the Initiative's framework,
which organizations worldwide utilize to construct ethical Al systems. Furthermore, the Initiative's
architecture and resources have been included in many academic institutions' Al courses and

research programs.

Since its inception, the IEEE Global Initiative has been involved in various activities to promote
ethical issues in Al and autonomous systems. These activities have included the creation of a
framework for ethical considerations in Al and autonomous systems, setting up a global network
of experts and stakeholders, and providing academic resources and training programs to promote
ethical Al practices (Chatila et al., 2017, p. 4). The fundamental purpose of the IEEE Global
Initiative is to create and encourage ethical standards and procedures for designing, developing,
and deploying Al and autonomous systems. The work of the Initiative is predicated on the
assumption that ethical issues must be incorporated into all stages of the Al and autonomous
systems lifecycle, from design and development through deployment and use. The Initiative also
understands that ethical concerns must be addressed in a way that considers various viewpoints
and values. The work of the IEEE Global Initiative has been governed by basic concepts such as

transparency, accountability, inclusion, and respect for human rights and dignity. These principles
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represent the Initiative's commitment to ensuring that the development and deployment of Al and

autonomous systems are consistent with human values and serve the greater good.
3.9.1 Purpose

The IEEE Global Initiative is all about pulling people together from different walks of life—
schools, businesses, government bodies, community groups, and stakeholders from academia,
industry, and civil society—to discuss and agree on Al systems' ethical practices. The initiative's
goal is to encourage the development of Al systems that are transparent, accountable, and
consistent with human values (Chatila et al., 2017, p. 3). They aim to deepen understanding among
regular people and those in power regarding what is ethically at stake with Al systems. The main
goal of the IEEE Global Initiative is to sketch out a roadmap of ethics for Al development and
application that everyone can follow, with specific ethical guidelines for developing and deploying
Al systems. Developers have a playbook ensuring their Als behave—they must be reliable from
ground zero without stepping over ethical lines or cutting corners on clarity or safety measures for
users' peace of mind, a framework to guarantee that Al systems are built and deployed safely,
transparently, and human-values-aligned. From shining a light on transparency to upholding
justice and responsibility, respecting privacy, and guaranteeing security, these rules tackle it all

while ensuring everyone plays fair.

The IEEE Global Initiative also aims to foster the establishment of technical standards for Al
systems (Chatila et al., 2017, p. 7). They have standards in place so that when people create or roll
out Al systems, they will be created, deployed, and used in a safe and interoperable manner. They
aim to sit at one table with leading names in technology and hammer out robust standards guiding
how AI works behind the scenes. The IEEE Global Initiative plans to share knowledge far and
wide, intends to engage in outreach and education initiatives, and is also rolling up its sleeves to
shape reliable, ethical norms alongside cutting-edge technological standards. They want more
people, no matter if they are savvy on Al ethics or not at the beginning, to join them at their
dynamic mix of events — with lively workshops, deep-dive conferences, and more — to increase
awareness of the ethical aspects of Al systems. It is all about equipping those at the forefront—

developers, politicians, or other stakeholders—with what they need to grasp and address Al ethics.
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One of the guiding ideas of the IEEE Global Initiative's work is that human values should govern
the development of Al and autonomous systems (AS) (IEEE SA, 2023, p. 14). Al and AS should
be intended to enhance rather than destroy human well-being. To the goal of achieving this purpose,
the effort highlights the necessity of openness, accountability, and inclusivity in developing and
deploying Al and AS. Transparency refers to the requirement for Al and AS developers and users
to understand how these technologies work and make judgments. Transparency in the data utilized
to train Al and AS and the algorithms used to make judgments are examples that refer to the
requirement for Al and AS developers and users to understand how these technologies work and
make judgments. Accountability refers to the requirement for Al and AS creators and users to
accept accountability for the outcomes of these technologies. Crafting solutions for potential bias
and unfairness in Al and AS is key, along with using these tools ethically and with full
responsibility. The requirement for varied perspectives and experiences to guide the development
of Al and AS is inclusiveness; this entails involving a wide range of stakeholders in developing
and deploying new technologies and ensuring that these technologies do not perpetuate or

exacerbate existing inequities.
3.9.2 Achievements

By aiming high with ethics in Al, the IEEE Global Initiative made a significant impact -
extensively embraced and regarded as an essential contribution to the development of ethical Al.
It is impressive that the Initiative has received multiple acceptances from state offices, industrial
guilds, and academic heavyweights; they have all given it their stamp of approval and accepted
the Initiative's framework and criteria. The Initiative also garnered prizes and accolades, including
the renowned ACM SIGAI Autonomous Agents Research Award in 2019 (IEEE SA, 2023) to
Francesca Rossi, an IEEE Global Initiative member, for her standout efforts in steering Al towards
ethical shores. In addition, the Initiative was awarded the WSIS Prize in the category of Ethics and
Security in 2019 for its efforts in producing Ethically Aligned Designs (IEEE SA, 2023, p. 12).
The AI for Good Global Summit Award was also given for ethics promotion. The project that
spotlighted ethics in Al and AS grabbed the limelight at the Al for Good Global Summit in 2018
and honored the project for raising ethical principles in Al and AS. Furthermore, Timnit Gebru,
an IEEE Global Initiative member, was named one of Forbes' 30 Under 30 in Science in 2018 for

her work on ethical implications in Al and AS (IEEE SA, 2023, p. 12).
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3.9.3 How does the IEEE Global Initiative for Ethical Considerations in AI and Autonomous

Systems differ

1.

Comprehensive Ethical Considerations: The framework provides a comprehensive set of
ethical considerations for Al design and development. It covers a broad range of areas,
including individual rights, transparency, accountability, fairness, inclusivity, and the
prioritization of human well-being. The framework aims to address the ethical implications
of Al across various societal domains, ensuring that Al technologies are aligned with ethical
principles.

Technical Implementation Guidance: It goes beyond high-level principles and provides
detailed technical implementation guidance. It offers practical recommendations and
methodologies for incorporating ethical considerations into the design and development of Al
systems. This technical focus sets it apart from frameworks that primarily focus on policy
recommendations and guidelines.

Iterative Feedback Loop: It encourages an iterative feedback loop between technologists,
policymakers, and other stakeholders. It emphasizes the importance of ongoing collaboration,
communication, and engagement throughout the Al development lifecycle. This iterative
process allows for continuous improvement and adaptation of ethical practices in response to
emerging challenges and changing societal needs.

Future-oriented Approach: It takes a future-oriented approach by considering long-term
implications and addressing potential risks and challenges associated with Al It emphasizes
the need for anticipatory ethical analysis and the development of Al systems that can adapt
and evolve. This forward-looking perspective helps to proactively address ethical concerns in
the rapidly evolving field of AL

Global Perspective and Cultural Considerations: It recognizes the importance of cultural
diversity and global perspectives in Al ethics. It acknowledges that ethical values and norms
can vary across different cultures and contexts. The framework encourages the incorporation
of cultural considerations and the involvement of diverse stakeholders to ensure that Al

technologies respect and reflect the values and needs of different communities worldwide.

The IEEE Ethically Aligned Design framework provides a detailed and technically focused

approach to Al ethics. It goes beyond high-level principles and offers practical guidance for

integrating ethical considerations into Al design and development. Its emphasis on an iterative
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feedback loop, future-oriented thinking, and global perspectives distinguishes it from other

frameworks and contributes to its unique contribution to Al governance.

3.10 Al Governance by Harvard Belfer Center

The Harvard Belfer Center presented a framework for Al governance with four pillars: safety and
management, explainability, fairness, and responsibility (Floridi et al., 2019, p. 4). The framework
provides the important ideals and concepts for developing and applying Al responsibly and
ethically. The Harvard Belfer Center's AI Governance is an extensive framework for Al
governance that stresses ethical ideals and offers specific suggestions for governance structures
and regulatory procedures. It covers the complete Al development and deployment process, from
research to deployment to use. It is also primarily aimed at policymakers and decision-makers
regulating and governing (Floridi et al., 2019, p. 6). Their frameworks also include particular
recommendations for regulatory methods and governance structures and a more extensive

framework for Al governance.

The Harvard Belfer Center's AI Governance program was launched in 2018 to address the
problems and hazards connected with the development and deployment of Al (Clark et al., 2020,
p. 8). Experts from several domains, including law, computer science, philosophy, and political
science, lead the effort and conduct multidisciplinary studies on Al's ethical, legal, and policy
implications. The team identified the need for a multidisciplinary study on Al's ethical, legal, and
policy consequences. It brought together specialists from many domains to cooperate on this
critical subject. The Harvard Belfer Center's Al Governance effort was inspired by the realization
that Al can revolutionize every element of society, including the economy, national security, and

personal privacy.
Multidisciplinary Approach

The need for a multidisciplinary approach is stressed by the Harvard Belfer Center. Science's
philosophy and history have long demonstrated that solving complicated issues requires

knowledge from other fields.

1. Interdisciplinary Collaboration: Interdisciplinary research has historically contributed to

some of the most important scientific discoveries. The cooperation of political science, computer
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science, philosophy, and law in Al governance is a step in the right direction since it guarantees

that many viewpoints are taken into account while tackling Al's problems.

2. Holistic Understanding: A Multidisciplinary approach is able to bring an exhaustive
understanding of the impact of Al by combining technical, ethical, legal, and societal perspectives.
Al's growth is closely tied to how well humanity oversees it; having a complete understanding of
the landscape is what separates effective risk management from hopeful guesses; a governance
framework that can effectively manage Al's risks and harness its potential for societal good can be

built with this comprehensive view as the cornerstone.

Given Al's transformative potential as well as its significant hazards and limitations, a thorough,
historically informed, and philosophically founded analysis is required. The comprehensive
approach of the Harvard Belfer Center's Al Governance initiative is a viable way to tackle these
difficult problems and make sure Al evolves in a way that minimizes its inherent hazards while

benefiting society.

As an academic endeavor focused on research and policy suggestions on the governance of Al, the
Al Governance program at Harvard Belfer Center has not been implemented in any specific nations.
Various countries and international organizations have taken pages from the initiative's playbook,
using its proposals and frameworks to shape policy decisions. Furthermore, one of the obstacles
to its deployment is that there is still no actual agreement on ethical and responsible use rules about
what ethical and responsible Al should look like. While there is widespread agreement on the
importance of Al governance, settling on the exact approach and standards proves more divisive
than people would think, with different levels of basement for considerable dispute and
disagreement over the specific concepts and frameworks that should be utilized to control AL
Keeping up with technology's fast clip makes it challenging for the Harvard Belfer project on Al
governance to get off the ground. Also, with every leap in Al advancements, the governance game
at Harvard Belfer has to start over; keeping up with the updates can be challenging, but keeping
those frameworks running and working well is crucial. Another barrier to implementing the Al
governance program at Havard Belfer is the need for more resources and capacity. Without
backing from governments that keep an eye on Al and other Al regulatory commissions, their best-

laid plans for using cutting-edge tech safely and effectively struggle to find solid ground and
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cannot ensure their application in organizations associated with designing, developing, and
deploying Al systems, especially within companies at the forefront of creating new digital minds;

that is the dilemma as an academic project, and it is lethal.
3.10.1 Purpose

The Harvard Belfer Center's Al Governance initiative was developed to enhance research and
policy proposals on the governance of Al (Allen and Chan, 2017, p. 4). The effort seeks to address
those sticky issues linked with problems and hazards connected with development and
implementation while not forgetting to scoop up every advantage they offer our society. The
Harvard Belfer Al governance program has effectively brought together stakeholders from
colleges, governments, companies, and even non-profits to roll up their sleeves and foster
conversation and collaboration on Al governance challenges. It is also causing a significant impact
on the world level and the global discourse about Al governance. Around the world, it’s steering
the creation of trustworthy frameworks ensuring Al is used righteously at national and
international levels. The initiative aims to create realistic guidelines for governments, industry
leaders, and civil society organizations on controlling Al responsibly and ethically (Allen and
Chan, 2017, p. 3). From guarding personal freedoms against invasive tech eyesight to drawing up
blueprints for smarter leadership methods, the initiative's major areas of research and policy
suggestions include Al and national security, human rights, privacy, and governance—it’s clear
this effort aims at getting us ready today for an uncertain tomorrow influenced heavily by Al. Plays
a critical role in guiding Al development responsibly and ethically; that is what is happening over
at Harvard Belfer Center space where minds meet to chat all things intelligent systems design -
weaving together studies from varied corners, with responsibly and ethically through research and

stakeholder interaction with lively debates to thread an ethically sound path forward.

One of the most important goals of the AI Governance program is to perform interdisciplinary
research on the ethical, legal, and policy consequences of Al (Clark et al.,.2020). When we bring
together specialists across sectors, understanding Al governance's tough nuts to crack becomes a
whole lot easier. The initiative's work digs into research to offer policy advice and steer
conversations worldwide on how we manage Al. For an effective Al governance framework, it

requires different perspectives and stakeholders to come together. Gathering insights from a
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colorful spectrum of stakeholders turns into gold-standard advice — kind of like collecting recipes
from every corner of a community potluck, as it creates practical recommendations informed by
diverse viewpoints and experiences by interacting with stakeholders. Another program goal is to
create practical recommendations for governments, corporate leaders, and civil society
organizations on responsibly and ethically controlling AI (Clark et al., .2020, p. 8). These
recommendations are based on the initiative's interdisciplinary research and are intended to be
actionable and effective in guiding the development and deployment of Al. The AI Governance
effort also seeks to increase understanding and awareness of an Al's ethical and societal
implications. The effort aims to promote a broader knowledge of Al's potential risks and
advantages by encouraging discourse and debate on these issues. The effort intends to encourage
a more informed and responsible approach to creating and deploying Al by promoting awareness

of these challenges.
3.10.2 Achievement

Since its inception in 2018, the Harvard Belfer Center's Al Governance initiative has reached
numerous vital milestones. One of its most famous accomplishments is the creation of the
"Principles for the Governance of Al," which establishes a set of rules and values that should guide
Al development and deployment (Allen & Glaeser, 2020, p. 5). Everywhere we look—
organizations and countries—we will see them using these ideas as a roadmap for discussing Al
and its place in our world since these principles have been extensively adopted by organizations
and governments worldwide, helping to shape the global discussion on Al governance. Moreover,
it does not stop at tech since another significant accomplishment of the effort is its interdisciplinary
study of Al's ethical, legal, and policy aspects; the effort has published numerous research papers
and publications on Al governance concerns, such as privacy, accountability, and transparency
(Veale et al., 2018). Many experts have cranked out heaps of work on making Al play nice with
our personal space, owning up to decisions made by algorithms, and not shrouding anything in
mystery. Our journey into researching made one thing clear — navigating Al's ups and downs is

tricky but packed with potential for those ready to tackle it.

The Harvard Belfer Center is widely recognized as a revolutionary force in how their discussions

pull in people across the spectrum—ifrom technology buffs to those who are not as savvy—to find
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clever ways for more effective supervision, with several events and seminars for them to discuss
their perspectives and experiences on Al governance issues. Conversations flow more freely at
these meetings, uniting minds over the complex task of governing Al - an endeavor full of
obstacles and promise, aided in promoting discourse and collaboration on Al governance and a
better knowledge of the difficulties and potential associated with controlling Al. With its eye on
shaping smart rules around Al globally—it rolls out thoughtful proposals right onto the desks of
those who can make them happen across sectors, like policymakers, industry leaders, and civil
society organizations. Thanks to them, people everywhere talk about how we can direct Al toward

paths that respect ethics and responsibility.
3.10.3 How the Harvard Belfer principles on Al differ from other frameworks

The AI Governance framework by Harvard Belfer Center distinguishes itself from the other

frameworks in the following ways:

1. Multidisciplinary Approach: It brings together experts from diverse fields, including law,
computer science, philosophy, and political science, to conduct multidisciplinary research on
the ethical, legal, and policy implications of Al.

2. Policy and Regulatory Focus: It places a strong emphasis on policy recommendations and
governance structures. It provides specific suggestions for regulatory methods, governance
structures, and procedures to guide the responsible and ethical development and deployment
of AL

3. Extensive Coverage: The framework covers the complete Al development and deployment
process, addressing a wide range of Al governance issues, including safety, explainability,
fairness, responsibility, and the ethical, legal, and policy consequences of Al.

4. Academic Research Orientation: The Al Governance program at Harvard Belfer Center is
an academic endeavor focused on research and policy suggestions. Its proposals and
frameworks are based on rigorous academic research, contributing to the global discourse on
Al governance.

5. Emphasis on Ethical Ideals: The Harvard Belfer Center's Al Governance framework stresses

ethical ideals and principles for the responsible and ethical development and deployment of
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AL It highlights the importance of considering societal impact, fairness, and accountability in

Al systems, aiming to align Al technologies with ethical principles and serve the public good.

These characteristics contribute to the unique perspective of the Al Governance framework by the
Harvard Belfer Center and its significant impact on the global discourse surrounding the

responsible and ethical development and deployment of Al.

3.11 Al Principles by Google:

Google presented a framework of seven Al principles: be socially beneficial, avoid creating or
reinforcing unfair bias, be built and tested for safety, be accountable to people, incorporate privacy
design principles, meet high scientific excellence standards, and be made available for use that
aligns with these principles (Google, 2018, p. 14). Setting the stage for Al that acts responsibly,
these guidelines ensure it works hard for everyone's benefit. In June of '18, Google shared its
playbook for Al - a list of dos and don'ts aimed at responsibly shaping the future of Al development.
The principles are founded on Google's opinion that while Al has the potential to benefit society
significantly, it must be developed and used ethically. Google's primary philosophy is that Al
should benefit society; this suggests that Al technologies should be developed in a way that
considers their impact on society rather than simply a select few. Google promises to keep on
board with working alongside governments, NGOs, and other key players to tackle both the
challenges and opportunities posed by Al with a safer future that commits not to create or utilize

Al for technology that could cause harm or contribute to human rights violations.

The second point is that Al should not be used to create or reinforce unfair bias; it means that Al
technology should be developed and distributed fairly and equitably to everyone regardless of race,
gender, or financial background. In an honest moment, Google confessed that sometimes their Al
can mirror but unintentionally propagate society's biases by accident. Recognizing the need for
change, Google pledged not only to avoid reinforcing outdated biases with its Al but also to
provide transparency to ensure everyone can understand how these complex systems work. For Al
being designed and tested with a keen eye for safety while following strict privacy guidelines is
non-negotiable. At the heart of its innovation, Google saw a clear challenge: advancements in Al
technology threatened to compromise individual privacy and safety measures. To address this, the

business pledged to implement privacy and security safeguards that secure individuals' data and
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prevent illegal access to Al systems (Google, 2018, p. 4), which entails putting Al technology
through rigorous testing in various settings and ensuring it can be controlled or shut off if necessary.
For those creating it at Google, there's a clear rule - their Al has got to be accountable to people,
which means that Google is committed to giving transparency and oversight into its Al
technologies, including how they are developed, tested, and deployed. Finally, the fifth premise
underlines the significance of accountable Al governance, where the corporation sets clear norms
and policies for the development and use of Al technologies and holds itself accountable for the
societal impact of these technologies. Google is also committed to regularly reviewing and
upgrading its Al principles to ensure they remain relevant and effective. Google is committed to
forming relationships and engagements with key groups to guarantee that Al development is

inclusive and informed.
3.11.1 Purpose

Google’s Al principles aim to guide the company's responsible and ethical development and
deployment of Al technologies (Jillian, 2018, p. 6). The principles are meant to ensure that Al
technology development is consistent with Google's values, which include a dedication to social
responsibility, openness, and accountability. One of the key goals of the principle is to ensure that
Google's Al technologies positively impact society. Google intends to employ Al for the greater
good by emphasizing the creation of technologies that benefit society, including those that enhance

healthcare, education, and environmental sustainability.

Another important goal of the principles is to ensure that Google's Al algorithms are fair,
transparent, and responsible (Jillian, 2018, p. 9). Recognizing the potential for Al systems to
perpetuate societal biases, Google is dedicated to developing Al systems that undergo extensive
testing to guarantee that they do not discriminate against individuals or groups based on race,
gender, or socioeconomic status. The principles also stress the significance of privacy and security
in developing Al technologies. Google acknowledges that the advancement of Al technologies
may represent a risk to personal privacy and security, and it is dedicated to putting in place
safeguards to protect individuals' data and prevent illegal access to Al systems (Jillian, 2018, p. 5).
The guidelines also stress the significance of public-private sector cooperation in advancing Al

technologies. Google seeks to ensure that Al development is inclusive and well-informed by
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entering into partnerships and collaborations with stakeholders like academics, politicians, and

industry professionals.

The principles are also meant to hold Google responsible for the effects of these technologies on
society and to set clear norms and processes for the development and use of Al technologies
(Google, 2018, p. 8). Google is proving its commitment to ensuring that the impact of Al
technology is favorable for society as a whole by routinely examining and revising its Al principles.
The Google Al Research Team's high-level rules for creating and implementing Al technology are
known as the "Al Principles by Google." Google’s Al Principles mainly focus on creating and
applying Al technologies. They also emphasize moral principles like justice and privacy but don't
go into as much depth on how they might be implemented. Google's Al Principles are only meant
for Al developers and engineers, in contrast to the Al governance principles of Harvard Belfer.
Similar to this, Google's Al principles, which were mostly created by Google's own Al research
team, are less specific and offer high-level recommendations for creating and implementing Al

technology.

3.11.2 How Principle by Google differs from other frameworks

1. Industry-Specific Focus: Unlike the other frameworks that have a broader scope and aim to
guide Al governance in general, Google's Al Principles are specifically tailored to guide the
development and deployment of Al technologies within the context of Google as a company.
While the principles may have broader implications, they primarily serve as guidelines for
Google's own Al initiatives.

2. Emphasis on Social Benefit: Google's Al Principles explicitly highlight the goal of
developing Al technologies that are socially beneficial. They emphasize the need for Al to be
designed and used in a way that positively impacts society, contributing to areas such as
healthcare, education, and environmental sustainability. This focus on social benefit is a
distinctive aspect of Google's principles.

3. Commitment to Accountability: They emphasize accountability, both internally and
externally. They emphasize the need for transparency in the development and deployment of
Al technologies and highlight Google's commitment to providing oversight and accountability
to stakeholders. The principles also state that Google will be accountable for the societal impact

of its Al technologies.
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4. Integration of Privacy and Security: Google's principles specifically address the importance
of privacy and security in the development of Al technologies. They highlight the need to
incorporate privacy design principles and ensure that Al systems meet privacy and security
regulations. This emphasis reflects Google's recognition of the potential risks to personal
privacy and security associated with Al

5. High Scientific Excellence Standards: It stresses the importance of meeting high scientific
excellence standards in Al research and development; this highlights Google's commitment to
rigorous scientific methods and the pursuit of excellence in its Al initiatives.

6. Availability and Accessibility: These principles highlight the importance of making Al
technologies available for use in ways that align with their principles. They aim to ensure that
the benefits of Al are accessible to a wide range of users and that responsible and ethical

considerations guide the deployment of Al technologies.

The Al Principles by Google have a distinct industry-specific focus, emphasize social benefit,
highlight accountability and transparency, integrate privacy and security, prioritize scientific
excellence, and emphasize availability and accessibility. These aspects reflect Google's specific

approach to responsible Al within its operations and align with the company's values and goals.

3.12 Controversies in AI Governance

The possibility of prejudice and discrimination in Al systems is one of the biggest debates
surrounding Al governance (Buolamwini, 2018). The data utilized to train Al systems and the
algorithms and decision-making procedures employed by these systems can lead to bias and
discrimination; this may result in discrimination against particular groups of individuals,
maintaining social and economic inequality. The absence of unambiguous accountability for the
decisions taken by Al systems is a further point of contention in Al governance. Decisions made
by Al systems have the potential to have a huge impact on both people and society, but it is
sometimes clear who is to blame. Due to this, it may be challenging to hold people and

organizations accountable for the effects of Al systems.

Another critical issue in Al governance is the lack of transparency in Al systems (Weller A. et al.,
2019, p. 5). It is often hard to understand how Al thinks and chooses, making some of us second-

guess its smarts, which can undermine our confidence in these systems. The challenge is real -
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seeing the unfairness hidden within Al systems is not easy because they often need more openness.
The security and privacy of Al systems are also a source of concern (ACLU, 2019, p. 8). Al
systems may gather much private information about people, which may be exposed to hacking and
other security lapses. It stirs quite the conversation - can individuals genuinely oversee their digital
footprint? Everyone is talking about finding the right balance in regulating Al. There is a camp out
there convinced that for Al to stay on the straight and narrow, it requires close monitoring. On the
other side of the fence, people say regulations are like speed bumps slowing down Al's fast track
to progress. Lively debates drive home the point: having critical thought and creating thoughtful
frameworks for handling Al concerns is not optional but essential. To ensure that Al is developed
and used in a way that promotes fairness, transparency, and accountability, it is crucial to design
and execute responsible Al practices. Additionally, constant evaluation and enhancement of Al
governance frameworks will be required to address new issues and guarantee that Al is developed

and used responsibly and ethically.

3.13 The Comparison of the Frameworks

Following is the critical comparison of the six frameworks for Al governance:

1. Scope and Focus:

a. The European Commission's Al Ethics Guidelines provide a comprehensive framework
covering a wide range of ethical considerations, but its broad scope can make it challenging
to implement and enforce effectively.

b. The OECD Principles on Al offer a balanced and inclusive approach but may lack specific
guidance on addressing emerging ethical challenges and technological advancements.

c. IEEE Ethically Aligned Design focuses primarily on the technical aspects of Al design,
potentially neglecting broader societal and policy dimensions.

d. AI Governance by the Harvard Belfer Center offers a comprehensive governance
framework, but its policy-centric approach may limit its accessibility to non-experts and
practitioners.

e. The Montreal Declaration for Responsible Al provides a global perspective on Al
governance but may lack the necessary enforcement mechanisms to ensure widespread

adherence.
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Al Principles by Google offer valuable insights based on the company's experiences. Still,
they are tailored specifically to Google's internal practices and may not cover the full range

of ethical concerns.

2. Governance Approach:

a.

Comprehensive governance frameworks are provided by the Al Ethics Guidelines from the
European Commission and the Al Governance Guidelines from the Harvard Belfer Center.
Nevertheless, they might still have trouble reaching an international agreement and
standardizing Al techniques and policies. The nature of these issues comes from diverse
cultural and ethical norms, regulatory fragmentation, varying economic interests, and
geopolitical tensions, which are literally feeding the root of these challenges. It's very hard
to achieve an approach on the level of global unifying since the countries and regions
interpret and prioritize Al ethics differently, which are influenced by their unique cultural
values, regulatory environments, economic goals, and geopolitical agendas. Diverse
cultural viewpoints give various looks at individual rights, privacy rights, and even the role
of technology in society. Think about how the individualism of the West and the emphasis
on collective benefits in some other cultures are contradictory concepts. When it comes to
how technology affects society, these ideologies disagree and cause values that collide
head-on. Distinct legal systems and approaches have distinct regulatory frameworks, as
demonstrated by the EU's GDPR regulations, which are more stringent than those in other
regions. This leads to disparate requirements for Al systems that handle personal data.
Economic interests also play a big part. While some governments may support tougher
regulations to safeguard local businesses, others with robust Al industries may oppose laws

that could reduce their competitive advantage.

Rival nations tend to develop competing visions for Al governance, which can lead to
defiance when one tries to dictate its terms to the others - especially when giants like the
US, China, and the EU are involved. Technology gaps between nations breed dissimilar
agendas in their systems of governance. Diverse nations have different ethical agendas.
Two camps have emerged in the Al debate: those who see dollar signs and others who
foresee disaster on the horizon. Implementation capability also varies since different
nations have different resources and technological proficiency levels, which limit their

ability to put advanced Al governance frameworks into place.
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Harmonization attempts might be made more difficult because different cultural and legal
settings may understand crucial Al terms like "fairness" or "transparency" differently. With
Al deployments, cross-border data flows, and data sovereignty disputing the details,
sharply differing opinions bog down prospects for global harmonization. Take two nations,
identical in most ways but fundamentally at odds when balancing Al's benefits against its
drawbacks — it is no wonder their regulations clash. These complex issues make it more
challenging to develop a single, worldwide strategy for Al governance, as different nations
and areas may support different frameworks depending on their unique interests, beliefs,

and capacities.

The OECD's Al principles offer a uniform approach, but because they are unofficial,
implementation depends on goodwill, raising doubts about effectiveness in driving
meaningful change and accountability. The largest barrier to making these ideas stick is
that nations are free to select which of these principles to adhere to and that no one is
holding them accountable. When it comes to putting these concepts into reality, the results
are somewhat inconsistent. The purpose of encouraging responsible Al development
internationally may be undermined if governments are not forced to accept the principles
strictly and enforce them consistently. Mandatory compliance and uniform enforcement
would prevent countries from feeling pressured to adopt the principles. Because they are
not legally enforceable, the OECD Principles on Al confront a number of obstacles in their
efforts to promote genuine reform and accountability. A single fundamental problem
prevents ethical Al from evolving fully on a global scale. With no looming danger of
punishment, nations are free to experiment with these ideas and accept as much or as little
as they wish. The absence of compulsory compliance may lead to a disjointed application
of the principles, with certain countries adopting them entirely and others using them just

sporadically or not at all.

Lack of enforcement measures complicates this problem even further for humanity's
history lesson, which has been taught too many times: agreeing overtly to gain the support
of the public but opposing covertly for the best interest is too common. Countries are not

under much external pressure to adhere strictly to the principles if there is no official
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framework in place to monitor compliance or enforce penalties for infractions. A scenario
where countries openly support the OECD Principles but fail to implement them through
laws or other restrictions might result from this. Practically every country takes a different
road to making these ideas a reality, which creates a pretty big gap between intentions and
actions. Inconsistent application across borders due to varying interpretations, priorities,
and local contexts may result in regulatory gaps or conflicts in the development and

application of Al internationally.

Also, an unlevel playing field may be created in the global Al scene due to the lack of
consistent enforcement. Compared to nations that take a more tolerant stance, those that
decide to apply tighter interpretations of the principles may find themselves at a
technological or economic disadvantage. In terms of Al governance standards, this might
encourage a "race to the bottom." Holding nations responsible for Al-related choices or
actions that can go against the spirit of the OECD standards is especially challenging
because of the principles' non-binding character. Since there is no clear framework for
holding people accountable, these principles are in danger of being brushed off as
aspirational ideals rather than solid and practical guidance for building responsible Al that

we can count on.

Although IEEE's Ethically Aligned Design concentrates on professional ethics and
technical standards, more precise instructions may be needed for operationalizing and
putting ethical concepts into practice. The main obstacles here are the guidelines' technical
concentration, which may not adequately address wider socio-ethical ramifications, and
the difficulty of converting moral precepts into practicable actions. More thorough
frameworks and procedures are required to help practitioners successfully incorporate
ethical issues into Al research and use them to overcome these obstacles. The abstract
nature of many ethical notions and the complicated, quickly changing field of Al
technology make translating ethical principles into practical activities challenging.
Applying high-level ethical norms to particular technical and design decisions is a
challenge that practitioners frequently face. For instance, while the principle of fairness is
widely accepted, implementing it in an Al system requires navigating complex questions

about different types of fairness, contextual factors, and potential trade-offs.
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d. By itself, the Montreal Declaration for Responsible Al's emphasis on teamwork and
inclusivity is a good start, but without a system to gauge its effectiveness, it risks being all
talk and no action. Two main hurdles we face are making inclusive methods bigger and
better and creating trustworthy tools to measure their impact. Crossing different sectors
and regions with these principles demands much adaptability for local flavor. When we do
not have a reliable way with robust mechanisms to assess the real-world implications of Al
systems, we are stuck guessing about the value of the declaration's principles since it is
difficult to measure the practical outcomes and effectiveness of the declaration's principles

— and that is a major stumbling block.

As inclusivity expands, a significant roadblock emerges: it is often hard to make it stick.
Meanwhile, promoting collaboration and inclusivity far and wide sounds wonderful, but
the hard part is making it happen across all these different areas across various sectors,
industries, and regions. Cultural factors, power relationships, and specific stakeholders
may exist in every situation and need to be considered. For example, a rural community in
a developing nation may not benefit directly from inclusive Al development strategies that
are effective in an urban Western context. Customizing principles for specific situations
demands a serious investment of time, money, and local know-how, which is not always

available on tap.

Assessing impact effectively requires more than just a few clever tools - it demands whole
new systems, and that is precisely another major challenge. As Al spreads its roots, it is
getting harder to disentangle its influence on society - it is a problem that calls for careful
consideration since it involves assessing technical performance and social, economic, and
ethical outcomes, which may manifest over different time scales. Measuring success is not
just about the tech. We have to examine how our work affects people, the economy, and
the environment in both the short and long term. Suppose there is no concrete way or robust
mechanisms to evaluate their success. In that case, it is difficult to say whether the
declaration's principles are failing or succeeding in truly practicing effort — which is a

significant problem.

e. Although Google's Al Principles serve as a roadmap for the company's Al efforts, they

might not offer a comprehensive framework that is appropriate for the wider Al ecosystem
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and a variety of stakeholders. Although useful in directing the organization's Al projects,
they are not as broadly applicable to the varied Al ecosystem. Their inception as a

framework tailored to a particular company is the cause of this for a number of reasons:

® The tenets are customized to Google's unique business strategy, available technology,
and company culture. They might not adequately take into consideration the wide
range of Al applications and difficulties that other organizations—especially those in
other sectors or of various sizes—face. For example, a small healthcare Al startup may

have quite different ethical concerns than a large tech company such as Google.

® The principles might not sufficiently address the specific legal frameworks and
cultural settings found in many places and nations. Because of its worldwide reach,
Google can provide a particular viewpoint, but it might not fully represent the subtle
differences in local moral and legal constraints that smaller, regionally focused

businesses must deal with.

® Perhaps only the principles cover the issues most pertinent to Google's business
activities. Stakeholders in other sectors may be distinct or extra. For example, Google's
methodology does not adequately address all parties and issues related to the ethical
implications of Al in criminal justice or education systems.
3. Ethical Principles:

a. All frameworks share common ethical principles such as fairness, transparency, and
accountability. However, some frameworks may lack specific guidance on complex ethical
issues, such as algorithmic bias, privacy, and social impact.

b. While the frameworks generally address the importance of human-centric Al, there may
be variations in the depth of their analysis and guidance on ensuring human welfare and
avoiding potential harm.

4. Implementation and Impact:
a. The frameworks have made notable contributions to raising awareness and shaping the
discourse on Al governance. However, their impact may vary, with some frameworks

having more influence on policy decisions and practical implementation than others.
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b. There is a need for enhanced mechanisms for collaboration and coordination among the

frameworks to avoid duplication of efforts and ensure a cohesive approach to Al governance.

Although helpful by offering valuable insights and guidelines for responsible Al governance, these
frameworks on ethical Al need some muscle - they are not quite strong enough yet to lay concrete
steps forward about the difficulty of grappling with new moral grey areas and troubled aligning
efforts across borders; plus the issue in upgrading how well we join forces and gauge progress
along the way. Suppose we zero in on improving these frameworks by emphasizing their strengths
while fixing their weaknesses. In that case, it is possible to contribute to developing a
comprehensive and effective Al governance framework that promotes ethical, transparent, and

accountable Al systems.

3.14 Problems in the Governance of Al

While the frameworks for Al governance provide valuable insights and guidance, certain aspects
may be missing or have room for improvement. Here are some potential gaps or areas that could

be further addressed:

1. Specific Implementation Guidelines: Many of the frameworks provide high-level principles
and recommendations but may lack detailed guidelines for practical implementation. Clear
instructions and concrete steps could help stakeholders navigate the complexities of
implementing ethical Al systems.

2. Legal and Regulatory Frameworks: While some frameworks touch upon legal and
regulatory aspects, they may not provide comprehensive guidance on developing appropriate
legal frameworks and regulations for AIl. Addressing the legal challenges associated with Al,
including liability, data protection, and intellectual property rights, is crucial for effective
governance.

3. Algorithmic Accountability: The frameworks could place more emphasis on addressing
algorithmic accountability. This includes mechanisms for auditing and ensuring transparency
in Al algorithms and mechanisms to address biases and unintended consequences that may
arise from algorithmic decision-making.

4. International Harmonization: While some frameworks acknowledge the need for

international cooperation, there could be more vigorous efforts toward harmonizing Al
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governance standards across countries and regions. This would help avoid fragmentation and
ensure consistency in addressing global challenges and ethical concerns.

5. Public Engagement and Participation: Although some frameworks mention the importance
of public engagement, they may not provide clear mechanisms for involving diverse
stakeholders in decision-making. Enhancing public participation and ensuring inclusivity
could lead to more democratic and representative Al governance.

6. Continuous Updates and Adaptation: Given the rapid pace of technological advancements,
the frameworks would benefit from mechanisms for continuous updates and adaptation.
Regular revisions would help address emerging challenges and incorporate new knowledge

and best practices into the governance frameworks.

It is worth noting that the frameworks mentioned are continuously evolving, and subsequent
iterations or complementary guidelines may have already addressed some of these gaps. However,
considering the dynamic nature of Al technologies, ongoing efforts are needed to fill these gaps

and ensure effective governance in the face of evolving challenges.

3.15  Our viewpoint to mitigate problems

Considering the problem areas identified in the previous section, the following proposals are

recommended as potential additions or enhancements to existing frameworks for Al governance:
1. Specific Implementation Guidelines:

It is crucial to provide detailed and practical guidance on how to implement ethical Al systems.
These guidelines should offer step-by-step instructions to help organizations and developers
navigate the complexities of Al development and ensure ethical considerations are effectively

incorporated. Here are some key areas that can be covered within these guidelines:

a. Data Collection and Usage:
1. Define guidelines for responsible data collection, ensuring that data is obtained legally,
with informed consent, and without perpetuating biases or discrimination.
ii.  Provide recommendations for data quality assessment, including data preprocessing

techniques to address biases, outliers, and data imbalances.
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iii.  Establish protocols for data privacy and security, addressing issues such as data
anonymization, encryption, and secure storage.
b. Algorithmic Transparency:
1. Outline methods for enhancing algorithmic transparency, enabling individuals to
understand how Al systems make decisions.
ii.  Encourage the use of interpretable and explainable Al techniques, ensuring that the
logic and reasoning behind Al decisions are accessible and understandable.
iii.  Specify guidelines for model documentation, including documenting the model
architecture, training data, and key assumptions.
c. Fairness Assessment:
i.  Define methodologies for assessing and mitigating algorithmic biases to ensure fair and
equitable outcomes.
ii.  Provide guidelines for evaluating and addressing potential biases in data, feature
selection, and model predictions across different demographic groups.
iii.  Propose metrics and evaluation frameworks to measure and monitor fairness throughout

the Al system's lifecycle.

Additionally, these guidelines should emphasize the importance of interdisciplinary collaboration,
pulling in wisdom from every corner—ethics experts standing alongside legal scholars,
sociologists, and domain-specific professionals engaging in spirited debate would show us ways
forward that no single expert could dream up alone. Plus, considering how Al fits into various
scenes — be it different fields of work or across diverse cultural landscapes — ensures Al’s
effectiveness is not lost. To really hit home, adding illustrative examples alongside relevant use
cases could give developers a deep understanding of applying abstract principles concretely.
Finally, they should be periodically updated to incorporate emerging best practices with the new

technologies and evolving ethical considerations.

3.16 Legal and Regulatory Frameworks:

It is essential to establish comprehensive and robust laws and regulations that specifically address
the unique challenges posed by Al technology. The following are the key elements that can be

included in such frameworks:
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a. Data Protection and Privacy:
i. Develop legislation that governs the collection, storage, processing, and sharing of
personal data used in Al systems.
ii. Establish clear guidelines on obtaining informed consent, ensuring individuals have
control over their data, and promoting transparency in data handling practices.
iii. Define mechanisms for data anonymization and pseudonymization to protect individual
privacy while enabling Al development and research.
b. Intellectual Property Rights:
1. Address intellectual property issues related to Al, including ownership of Al-generated
content, patentability of Al algorithms, and protection of Al-related innovations.
ii. Clarify legal frameworks to encourage innovation while safeguarding intellectual
property rights and promoting fair competition.
c. Liability and Accountability:
1. Define legal frameworks that allocate liability for Al system failures or damages caused
by Al technology.
ii.  Establish mechanisms to hold developers, manufacturers, and deployers accountable
for the ethical use and potential harm caused by Al systems.
iii.  Consider issues of explainability and transparency, ensuring that stakeholders can
understand and evaluate the decision-making processes of Al systems.
d. Standards and Certification:
1. Develop standards and certification processes for Al systems to ensure compliance with
ethical principles and technical requirements.
ii. Establish independent regulatory bodies or agencies responsible for assessing and
certifying the ethical and technical aspects of Al systems.
iii. Encourage the development of industry-specific standards to address the unique

considerations and risks associated with various Al applications.

It's like two ingredients in just the right amounts; law and regulatory frameworks need to both fuel
creativity and keep our well-being on track. To stay in step with Al's quicksilver changes and
emerging moral challenges, our frameworks have got to roll with the punches. With well-thought-
out regulations tailored for Al, society paves the way for innovation that ensures responsible and

accountable development and deployment of Al technology for the best of everyone. These
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frameworks are in place, offering both direction and enforceability measures with clarity, guidance,
and enforceability, fostering trust among users, businesses, and the public while safeguarding

individual rights, privacy, and societal values.
2. Algorithmic Accountability:

It involves developing mechanisms to audit Al algorithms and ensure transparency, fairness, and

accountability in their decision-making processes.

a. Establish frameworks for conducting independent third-party audits of Al algorithms and
systems. These audits can assess the technical aspects, ethical considerations, and
compliance with regulatory guidelines.

b. Encourage the involvement of diverse stakeholders in the auditing process, including
experts from academia, industry, civil society, and relevant regulatory bodies.

c. Third-party audits help provide an objective evaluation of Al systems, uncover potential
biases or discriminatory practices, and verify compliance with ethical and legal standards.

d. Promote the use of explainable Al techniques that enable users and stakeholders to
understand how Al algorithms arrive at their decisions.

e. Develop guidelines and best practices for incorporating interpretability and explainability
into Al systems.

f. This transparency allows for increased accountability, as users can evaluate the fairness,

biases, and ethical implications of algorithmic outputs.

Algorithmic accountability aims to pull back the curtain or black box on Al to spot any bias or
secrets lurking within. We can enhance the transparency, fairness, and accountability in the Al
systems built by stakeholders and improve our Al game by implementing mechanisms for auditing,
promoting explainable Al techniques, addressing biases and discrimination, and monitoring
unintended consequences. To get behind Al, we need to know it is playing by the rules—keeping
discrimination at bay through clear-cut accountability measures ensures just that while paving the

way for tech we can rely on.

3. International Harmonization:
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It recognizes the importance of collaborative efforts among countries and regions to address the

challenges and ethical concerns posed by Al. Here are some key points to consider in this context:

a. Consistent Al governance standards across countries and regions to avoid fragmentation
and conflicting regulations.

b. Harmonization promotes a cohesive approach to addressing common challenges, such as
privacy protection, data governance, accountability, and ethical considerations.

c. Encourage collaboration among governments, international organizations, and
stakeholders from various countries to develop common frameworks and guidelines for Al
governance.

d. Foster partnerships for sharing knowledge, research, and resources related to Al
technologies, as well as their impact and potential risks.

e. International collaboration can lead to a broader perspective on Al governance and enable
the exchange of insights and experiences across different jurisdictions.

f. Facilitate discussions and negotiations to harmonize legal and regulatory frameworks
related to Al

g. Identify areas of convergence where countries can agree on common principles, guidelines,
and standards.

h. Establish mechanisms for ongoing dialogue and information sharing to adapt and refine Al

governance frameworks as technology evolves.

International harmonization of Al governance standards offers several benefits; it is a win-win.
Businesses get fair competition, different countries' Al systems can have greater interoperability
without hiccups, and everyone trusts each other more—both countries and users of Al technologies.
Besides tackling common concerns around privacy and cross-border info sharing globally, this

strategy makes us ponder whether we're applying Al ethically or not.

While some frameworks acknowledge the need for international cooperation, more vigorous
efforts are required to pursue harmonization actively. This can be achieved through collaborative
platforms, international agreements, and ongoing dialogue to develop a shared vision and establish
common guidelines for Al governance. That is how we will build one vision everyone shares about

guiding Al into tomorrow, which takes a global village to raise Al properly, working hand in hand
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with countries to ensure that as this technology grows, it does so with ethics and responsibility at

its core to maximize the potential benefits of Al

4. Public Engagement and Participation: Incorporate mechanisms for meaningful public
engagement and stakeholder participation in Al governance processes. This can involve public
consultations, citizen assemblies, and multi-stakeholder collaborations to ensure diverse
perspectives are considered in decision-making. Develop mechanisms to address public
concerns and provide access channels for reporting Al-related issues.

5. Continuous Updates and Adaptation: Establish mechanisms for ongoing updates and
adaptations of the frameworks to keep pace with technological advancements and evolving
ethical considerations, which can involve regular reviews, consultations, and collaborations
with academia, industry, civil society organizations, and international bodies to incorporate

emerging best practices and address emerging challenges.

These proposed additions aim to enhance the existing frameworks and address the identified gaps
to ensure comprehensive and effective governance of Al. With these additions, expect a boost in
how well we govern Al operations by patching up what was missing before—ensuring no stone is
left unturned. Adding these bits to the puzzle helps sketch out frameworks that enable smarter Al
building with clearer guidance, foster responsible Al development and deployment, and address

the societal impact of Al technologies.

3.17 Summary

This chapter provided a thorough exploration of the challenges, principles, and proposed solutions
for Al governance across various frameworks and initiatives worldwide. We delve into the need
to establish ethical guidelines, transparency, accountability, and international cooperation to
navigate the complex landscape of Al In each specific section, from pinpointing discrimination
concerns to beefing up security measures and ensuring ongoing conversations with stakeholders —

we're covering all bases for responsible Al development.

The comparative analysis and discussion we did around controversies highlight the ongoing debate
and the necessity for a cohesive approach to Al governance, where managing Al requires everyone
on board to have a united strategy. Ensuring Al develops in ways that truly benefit us all without

crossing any lines is quite the task, but it can be achieved by combining knowledge across multiple
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fields for comprehensive policies while keeping open channels for public input. By addressing the
gaps and challenges within current frameworks, it advocates for a more inclusive, transparent, and
accountable Al governance model that adapts to technological advancements and emerging ethical

considerations, ensuring Al's potential is harnessed responsibly for the betterment of humanity.
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Chapter Four: Quantum Al

4.1 Introduction

Al has come a long way since its inception. From simple rule-based systems to deep learning
models that recognize objects and understand natural language, from a world where computers
simply followed orders to one where they recognize faces in a crowd or catch nuances in
conversation—a pathway made possible by today's advanced Al models elevating every industry
imaginable while crafting entirely new ways for us to interact with technology both at work or
play. However, despite these advances, classical Al has reached a plateau. The surge in data's
exponential growth alongside tougher problems signals it loud and clear — we must bring new
kinds of powerful computers into play if we want to keep pace with the demands of this century.
This is where Quantum Al comes in; it represents a paradigm shift in computing. With Quantum
Al, computers get an upgrade with abilities straight by using quantum physics' strange and
enigmatic properties for unparalleled processing power. Quantum computers can tackle complex
calculations exponentially faster than their classical counterparts, which means that Quantum Al
can solve problems too complex for classical Al, even if the individual calculations are not

necessarily faster.

Our goal in this chapter is to provide a comprehensive exploration of the transformative
intersection between quantum computing and Al. First, we will establish the need for a new
computing paradigm and introduce quantum Al as the solution to address the limitations faced by
classical Al, emphasizing concepts such as qubits, superposition, and entanglement to delve into
the fundamental principles of quantum computing, as we will do next. Thirdly, we will highlight
the synergistic relationship between quantum computing and Al by addressing the challenges
faced by classical Al systems, which can have the answers with quantum computational
capabilities in present Quantum Al. We will explore the numerous ways Quantum Al is being put
to work in several domains - the potential of this tech could turn entire markets and revolutionize.
The final work we will address in this chapter is the practical aspects of Quantum Al development.
In the final section, we will explore the challenges related to error correction and ethical
considerations, as well as its impact on governance frameworks, particularly in the context of

national security. In short, we aim to use this chapter to provide this thesis's readers with a
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comprehensive understanding of Quantum Al, from its theoretical foundations to practical

implications and governance considerations.

The multistate nature of qubits enables quantum computers to tackle complex calculations
exponentially faster than their classical counterparts. Classical computers use binary bits, which
can only be in one of two states, either 0 or 1 (Nielsen & Chuang, 2010, p. 13). This unique property
that quantum computers contain can help them perform certain calculations much faster than
classical computers. For example, Shor's algorithm, a quantum algorithm for factoring large
numbers, can run exponentially faster than its classical counterpart (Shor, 1994, Section 4.2.1)

delves into the distinction between classical and quantum computations.

The potential of quantum Al may completely change cryptography, optimization, classical
machine learning, and even more fields. For example, quantum computers can quickly crack
certain encryption algorithms currently used to protect online transactions and communication.
This has significant implications for data security and privacy (Grover, 2002, p. 3). On the other
hand, quantum computers can also efficiently solve certain optimization problems that are difficult
or impossible for classical computers to solve, leading to breakthroughs in areas like logistics,

finance, and energy management (Farhi et al., 2014, p. 2).

In addition, quantum Al can enhance machine learning models by exploiting quantum parallelism!
and quantum interference. Quantum-inspired neural networks, for example, can solve
classification tasks more accurately and efficiently than traditional neural networks (Biamonte et
al., 2017, p. 2). Quantum-accelerated machine learning can potentially solve complex problems in

areas like drug discovery, climate modelling, and natural language processing.

1. Quantum Parallelism and Superposition: In quantum computing, the true powerhouse is the
principle of superposition. Superposition allows quantum bits (qubits) to exist in multiple states
simultaneously, enabling a quantum computer to process information in a manner unattainable

by classical counterparts, even with increased parallel processing.

Quantum Al liberates computing from the shackles of classical limitations. Problems once deemed
intractable due to their complexity or the sheer volume of data involved become ripe for

exploration. Quantum Al is poised to unlock new realms of discovery, from simulating quantum
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systems for materials science to optimizing logistics and financial markets with unprecedented

precision (Peruzzo et al. 2014, p. 1).

When quantum computing ties the knot with Al, it blends raw computational power and cognitive
abilities. Classical Al systems rely on binary bits, which can only be in one of two states, either 0
or 1, limiting their processing speed and ability to handle complex patterns. Quantum Al, on the
other hand, harnesses the principles of quantum mechanics to process information using qubits,
making them ideal for solving complex problems in areas like cryptography, optimization, and
machine learning (Ekert, 1996, p. 4). The dimensionality is the curse the classical Al cannot avoid,
since when we require to increase the size of the data set, the complexity of the problem grows
exponentially, but the classical Al algorithms are unable to keep up with this growth, which leads
to a decline in performance eventually. Quantum Al, however, can efficiently solve certain
problems that are intractable for classical computers, thanks to the principles of quantum

parallelism and quantum interference (Farhi et al., 2014).

Another advantage of Quantum Al is its ability to learn and adapt swiftly. Traditional Al models
require extensive training datasets and significant computational resources to learn from data. On
the other hand, Quantum AI algorithms can learn from smaller datasets and adapt quickly to
changing conditions thanks to their enhanced computational power (Biamonte et al., 2017, p. 3).
This makes quantum Al particularly useful for tasks that demand critical real-time decision-
making —Ilike steering driverless vehicles, guessing the next big thing in stocks, or figuring out
medical puzzles. With Quantum Al, the game changes completely - it is not just an improvement
but a transformation in tech capabilities since its potential extends far beyond incremental
improvements. It can tackle problems that were once deemed insurmountable due to their
complexity and the immense amount of data processing required. From drug discovery to
optimization challenges in logistics, quantum Al offers a pathway to solutions that were previously
elusive (Peruzzo et al. 2014, p. 1). Quantum AI can shine with its unique advantage by
simultaneously exploring huge numbers of solution spaces. We are able to optimize the supply
chain all while simulating quantum systems for material discovery—and even advancing machine
learning algorithms; it is all about upgrading Al capabilities like never before. The quantum

advantage promises to catapult Al into uncharted realms of performance (Preskill, 2012, p. 4).
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With great power comes great responsibility, especially in quantum Al’s case - a field teeming
with incredible potential yet fraught with fresh obstacles. These include addressing the intricacies
of quantum error correction, ensuring the security of quantum-encrypted data, and navigating the
ethical implications of Al systems enhanced by quantum capabilities (van, 2005, p. 2). As the rapid
development of quantum computing continues, it is expected to see a new era of computing within
the collaboration, even integration of quantum technology and Al. This fusion of quantum power
and Al holds the potential to redefine industries, from healthcare to finance, and unlock
unprecedented opportunities for innovation and discovery (Wittek, 2014, p. 13-16). The journey
into the realm of quantum Al is one characterized by excitement, curiosity, and the pursuit of new
frontiers. In this chapter, we will explore not only the immense potential of quantum Al but also
the challenges and considerations that come with harnessing this extraordinary force. It will delve
into the ethical, regulatory, and practical dimensions of quantum Al (Section 4.7), offering insights

into how this revolutionary technology will shape the future of Al and beyond (Biamonte, 2017,
p. 3).

4.2 Understanding Quantum Computing

This section will provide an in-depth exploration of the fundamental principles of quantum
computing, which includes qubits, superposition, entanglement, and quantum algorithms while

elucidating the key distinctions between quantum and classical computing.
4.2.1 Classical vs Quantum Computations

In classical computing, factoring large numbers into their prime components can be extremely
time-consuming and computationally intensive. For instance, let's consider a 20-digit large number.
We may have to use algorithms such as trial and error or Pollard's rho algorithm to perform
factorization using classical methods. These classic algorithms perform a series of arithmetic
operations, iteratively testing potential divisors to find prime numbers. The time complexity of
these classical algorithms grows with the size of the number, making them less efficient for large
numbers. Quantum computers can leverage Shor's algorithm, a quantum algorithm that
demonstrates the significant difference in computational speed. When faced with the task of
factoring a large number, such as a 20-digit number, a quantum computer using Shor's algorithm

can perform factorization exponentially faster than classical computers.



147

Consider a hypothetical scenario where it takes a classical computer 2 milliseconds to factor a 10-
digit number. Now, if we increase the size of the number to 20 digits, the time required would

increase exponentially.
1. Factoring a 10-digit number: 2 milliseconds
2. Factoring a 20-digit number: 2 milliseconds * 2*10 = 2,048 milliseconds (over 2 seconds)

In contrast, as seen in Shor's algorithm, quantum gate operations exhibit polynomial time

complexity. A quantum computer can factor a 20-digit number in 10 milliseconds.
3. Factoring a 20-digit number using quantum gate operations: 10 milliseconds

This demonstrates a colossal difference in processing speed. The quantum computer factors the
number over 200 times faster than the classical computer; it is a simplified example, and in

practical scenarios, the advantage becomes even more pronounced as the number size increases.

Use special keys to unlock secrets within a computer—this is what Shor’s algorithm does through
quantum gate operations, which include quantum Fourier transforms and modular exponentiations.
With principles like superposition and entanglement under their belts, quantum machines can
explore multiple possibilities simultaneously. As a result, the time required to factor large numbers
using Shor's algorithm remains polynomial, whereas classical algorithms exhibit exponential time
complexity for similar tasks. The difference between the two approaches is staggering; while
classical methods may take an impractical amount of time to factorize large numbers, a quantum
computer can achieve it in a fraction of the time, showcasing the potential for quantum computing

to outperform classical systems in specific problem domains.
4.2.2 Quantum Bits (Qubits) and Superposition (The Quantum States of Information)

The concept of qubits sits at the core of quantum computing and shines as a standout feature
compared to classical computing. To truly appreciate the power of Quantum Al, it's essential to
dive into the underlying mathematics and principles of qubits, as well as how they enable quantum

computers to process vast amounts of information in parallel (Biamonte, 2017, p. 6).
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In classical computing, every click, every command, and every piece of digital info we have ever
stored—rely on a surprisingly simple foundation built from zeroes and ones, known as the binary
representation forms, which is the basis for all classical computation and data storage. Qubits,
short for quantum bits, are the quantum counterparts of classical bits. Unlike classical bits, which
can only be in one of two definite states, qubits exhibit a remarkable property known as
superposition. Mathematically, a qubit can be in a linear combination of its basis states, often
denoted as |0) and |1). In other words, a qubit can simultaneously exist in the |0) state, the |1) state,

or any combination thereof. This is mathematically represented as:

[w) = al0) +BI1)

Here, o and B are complex numbers that determine the probability amplitudes associated with the
|0) and |1) states. The key insight is that qubits can exist in these superposed states simultaneously,

offering a quantum parallelism that classical bits lack.

With superposition at their core, quantum machines tackle an extraordinary volume of information
side by side. While a classical computer must sequentially explore different states to solve a
problem, a quantum computer with n qubits can simultaneously represent and process 2”'n states.

This exponential increase in computational capacity forms the bedrock of quantum computation.

Importantly, when a qubit is measured, it collapses into one of its basis states (|0) or |1)) with a
probability determined by the squared magnitudes of a and B. In the quirky world of quantum
computing, measuring is not straightforward; instead, it plays by the rules of probability and
introduces a shadow of uncertainty into every calculation. Qubits aren't just about superposition;
they can get entangled, too, creating unexpected correlations that make classical intuition seem to
have been defied. When qubits are entangled, the measurement of one qubit instantaneously affects

the state of its entangled partner, regardless of the physical distance separating them.

Qubits are the quantum counterparts of classical bits; however, with a property known as
superposition, they don't just exist in one state but can exist in many simultaneously. This
mathematical underpinning of qubits allows quantum computers to perform complex calculations
in parallel, offering an exponential advantage over classical computing for certain problems

(Nielsen & Chuang, 2010, p. 342). Quantum computing is like assembling a dream team where
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each member brings something unique to the table. Qubits offer versatility; superposition adds
depth by allowing multiple possibilities at once, while entanglement ensures this team works
together flawlessly across vast distances. They are the foundation of quantum computing, which

also unlocks the new frontiers in computation and problem-solving.
4.2.3 Entanglement (Quantum's Mysterious Connection)

Two particles together in such a strong bond that they share their states instantly - this connection,
known as quantum entanglement, a phenomenon that lies at the heart of quantum computing's
remarkable capabilities, is why quantum computers are so incredibly powerful. In order to
understand it deeply, we need to break down & explore the underlying mathematics involved here.
This section will delve into the mathematical representation of entangled qubits and its relevance

to quantum algorithms, such as Shor's algorithm for integer factorization (Shor, 1994).

Entanglement arises when qubits become correlated in such a way that the state of one qubit is
intrinsically connected to the state of another, even if they are physically separated.
Mathematically, the entangled state of two qubits, often denoted as |y), can be expressed as a

superposition of their joint states:
[Y) = «|00) + £|01) + y|10) + §|11)

Here, a, B, v, and 6 are complex probability amplitudes that determine the likelihood of observing
each of the four possible combinations of states. Crucially, these amplitudes are such that
measuring one qubit instantaneously determines the state of the other, regardless of the physical

distance between them.

Entanglement puzzled even the likes of Albert Einstein, who referred to it as "spooky action at a
distance." The EPR paradox (Fine, 2020) highlighted the non-local nature of quantum
entanglement, where the measurement of one entangled particle could instantaneously affect its

partner, seemingly violating the speed-of-light limit.

In quantum computing, entanglement serves as a powerful resource that powers algorithms,
enabling the development of algorithms with exponential speedups over classical counterparts.

Shor's algorithm, for instance, exploits entanglement to factor large numbers efficiently, posing a
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significant threat to classical cryptography (Preskill, 2018, p. 6). Particles being mysteriously
linked across vast distances; that is quantum entanglement for us - weird but fascinating, a
profound and non-intuitive quantum phenomenon. Its mathematical representation showcases the
intrinsic correlation between entangled qubits, making them behave as a single, interconnected
system, just like dancers in a perfectly choreographed performance. However, something as
complex as entanglement would be our ticket to extraordinary advancements. In the worlds of both
quantum computing and quantum communicating, this property not only underpins the
development of quantum algorithms with exponential computational advantages but also makes

entanglement a central concept in the realm.
4.2.4 Divergence from Classical Computing (The Quantum Revolution)

In order to truly grasp the revolutionary nature of quantum computing, it is crucial to delve into its
fundamental differences from classical computing. This section explores the profound divergence
between classical and quantum computing, underlining how quantum computers leverage
probabilistic qubits with superposition and entanglement to explore exponentially larger solution

spaces (Nielsen & Chuang, 2010,p. 571).

Classical computers rely on bits as their fundamental units of information. Bits are binary,
representing either a 0 or a 1; hence, they are always in a deterministic state. In contrast, quantum
computers employ qubits as their building blocks. Qubits possess a unique quality known as
superposition, meaning they can simultaneously exist in a combination of states. This
superposition allows qubits to be in a state of |0), |1), or both |0) and |1) at once (Preskill, 2018, p.
2). Classical bits exhibit deterministic behavior, meaning that they are in a definite state of 0 or 1
at any point in time. This determinism forms the foundation of classical computation, in which

logical operations are performed in a direct and predictable manner.

In contrast, qubits exist in probabilistic states due to their superposition. The probability
amplitudes associated with each state determine the likelihood of observing a particular outcome
upon measurement. This probabilistic nature introduces an element of uncertainty into quantum

computing (Peruzzo et al., 2010).
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Perhaps the computational power of quantum computers is the most striking divergence. Although
classical computers follow deterministic paths in the solution space, quantum computers have the
ability to explore exponentially larger solution spaces. With n qubits, a quantum computer can
simultaneously represent and process 2”n states. This exponential growth in computational
capacity is akin to the contrast between a conventional light switch (classical) and a quantum
dimmer switch (quantum). Classical computers traverse one path at a time, in comparison to

quantum computers, which have many (Nielsen & Chuang, 2010,p. 23) (Preskill, 2018, p. 5).

The combination of superposition and entanglement makes quantum computing unique.
Superposition enables qubits to exist in multiple states at once, while entanglement creates
correlations between qubits, regardless of their physical separation. These quantum phenomena
provide the foundation for the development of quantum algorithms that exploit the power of
quantum parallelism (Nakada, 2019, p. 5). A radical departure from classical computing in
understanding is what quantum computing represents. The distinction between computing through
probabilistic qubits empowers quantum computers to explore an exponentially larger solution
space, opening the door to solving complex problems that were once considered insurmountable
within reasonable timeframes. Understanding these fundamental differences is crucial in

comprehending the transformative potential of Quantum Al
4.2.5 Quantum Supremacy (The Ultimate Quantum Milestone)

Quantum Supremacy represents a milestone in the journey of quantum computing, as quantum
computers demonstrate their advantages over classical computers in solving specific problems. In
order to comprehend this concept deeply, it is essential to explore the underlying principles to
comprehend this concept deeply, the historical significance of achieving quantum supremacy, and

its exemplification through Google's quantum processor Sycamore (Arute et al. 2019, p. 3).

At the cutting edge of quantum computing, where a variety of methods really highlight how
complex and diverse this area is. For instance, as employed by Google and IBM, superconducting
qubits have emerged as a leading technology. Google's Sycamore processor, utilizing 54 such
qubits, demonstrated quantum supremacy by performing a specialized task more rapidly than

classical supercomputers (Preskill, 2018, p. 2). IBM's quantum processors, featuring
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superconducting qubits as well, have made significant strides in enhancing quantum volume—a

metric indicative of quantum computing capabilities.

Beyond superconducting qubits, other platforms like trapped ions and topological qubits are under
active exploration. IonQ and Honeywell, among others, are advancing trapped-ion quantum
computers. Additionally, Microsoft is investing in topological qubits, which have the potential to
enhance error resistance stability. Despite these advances, daunting challenges still exist. Quantum
coherence—the ability of qubits to exist in superposition—is a fundamental hurdle. The delicate
quantum states are prone to decoherence, limiting the time during which computations can be
reliably performed. Error rates in quantum computations, arising from environmental noise and

imperfections in hardware, remain a critical concern.

Pursuing quantum hegemony is not just a technological milestone; It has profound implications
for cryptography, optimization, and materials science. It demonstrates the transformative potential
of quantum computing beyond theoretical promises. Google's claim of achieving quantum
supremacy in 2019 spurred debates and discussions, underlining both the advancements and the

challenges in this rapidly evolving field (Preskill, 2018, p. 2).

However, achieving quantum supremacy is not without controversy. Some researchers (Kalai,
2019, p. 3) & (Bouland, 2019, p. 2) argue that the specific problem chosen to demonstrate
supremacy may lack practical applications. Others emphasize that quantum computers are still in

the early stages of development and may face challenges in scaling up and addressing error rates.

With the progress of this field, researchers are actively developing quantum algorithms for
practical problems and improving the stability and error correction ability of quantum processors.
The most advanced technology in quantum computing reflects a dynamic pattern of continuous

progress and challenges, shaping the future trajectory of quantum computing.

4.3 Quantum AI (The Synergy of Quantum Computing and Al)

Quantum Al represents a significant integration of quantum computing and Al, two cutting-edge
fields. This section delves deeper into the synergistic relationship between quantum computing
and Al highlighting the challenges faced by classical Al systems and how Quantum Al aims to

overcome them through the infusion of quantum computational capabilities (Biamonte, 2017, p.
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12). Al has leaped forward in various fields, from picking up on what we say (natural language
processing) to identifying objects in photos( image recognition). However, classical Al systems
rely on classical computers, which are fundamentally constrained by the limitations of classical

bits. These limitations manifest in several ways:

1 Processing Speed: The processing speed of classical computers has reached its limits,
especially in the process of complex tasks. As Al algorithms become more sophisticated, they
demand increasingly powerful computational resources.

2 Pattern Recognition: While classical Al excels at pattern recognition, it can struggle with
highly complex patterns and data structures. While deep learning opens up new possibilities
within classical Al it is not an instant solution; preparing and processing its systems requires a
lot of effort and time.

3 Adaptability: Classical Al systems may not adapt swiftly to changing circumstances or tasks.
They typically rely on predefined algorithms and a large amount of training data, which makes

them less versatile in new situations.

Quantum Al aims to harness quantum computing's extraordinary computational capabilities to deal
with challenges and address daunting tasks. Due to its inherent parallelism, quantum computers
can tackle vast amounts of information at unprecedented speeds. Its most notable advantage lies
in its ability to perform complex calculations exponentially faster than its classical counterparts.
Quantum Al systems can complete tasks that would take classical computers years or even
millennia in seconds or minutes. This potential might just be what we need to take pattern
recognition and machine learning up several notches. The quantum algorithms designed for
optimization, search, and classification can significantly enhance Al's ability to discern intricate
patterns and make more accurate predictions; quantum Al can adapt more swiftly to evolving
situations, and quantum machine learning algorithms, coupled with quantum computational speed,

can enable Al systems to learn and adapt in real-time, making them more versatile and responsive.

Quantum Al is not without challenges, which include the necessity of error correction and ethical
considerations for its application. Ensuring the responsible and ethical use of this transformative
technology is a crucial aspect of its development (Cao et al., 2018, p. 96) (Prabhu, 2018, p. 3).

Combining quantum computing's horsepower with Al's cognitive abilities, it seeks to go through
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this road to smashing through old Al limitations and paving the way into a world of unprecedented

computing capabilities.
4.3.1 Quantum Parallelism (Unleashing Exponential Computing Power)

The fusion of quantum computing and Al in quantum Al depends on a transformative concept
called quantum parallelism. This section digs deep into the profound meaning of quantum
parallelism and how it empowers Quantum Al to accelerate tasks like optimization, machine
learning, and pattern recognition to unprecedented levels (Biamonte et al., 2017, p. 11). At the
heart of quantum parallelism lies the unique property of qubits, the quantum counterparts of
classical bits. While classical bits can exist in one of two states (0 or 1), qubits can exist in a

superposition of states, allowing them to represent 0, 1, or both 0 and 1 simultaneously.

The superposition property for calculations means that, for certain types of problems, quantum Al
can explore an exponentially larger solution space than classical Al in a single computational step.
Quantum parallelism empowers Quantum Al to explore numerous potential solutions concurrently,

leading to faster and more accurate optimization results (Farhi et al., 2014, p. 5).

Machine learning tasks, such as the training of complex models, can be computationally intensive
on classical computers. Quantum machine learning algorithms aim to harness this power for tasks
like classification and regression (Perez-Salinas et al., 2021, p. 5). Being able to juggle massive
piles of data and spot intricate patterns is Quantum Al, all thanks to its quantum parallelism. This

capability holds great promise for improving the accuracy and speed of pattern recognition tasks

(Shor, 1994).

Quantum parallelism's ability to process a multitude of possibilities in parallel leads to quantum
speedup—a phenomenon where quantum algorithms outperform their classical counterparts. For
specific problems, quantum algorithms can provide an exponential speedup, unlocking
computational capabilities previously considered unattainable (Preskill, 2018, p. 5). Quantum Al
researchers actively seek to identify and exploit these advantages across various domains (Arute
et al.,, 2019, p. 2). It allows quantum computers to explore an enormous solution space

simultaneously, potentially revolutionizing Al tasks like optimization, machine learning, and
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pattern recognition. As Quantum Al continues to evolve, it promises to reshape industries, advance

scientific research, and unlock new frontiers in Al.
4.3.2 Quantum Machine Learning (Unlocking New Horizons)

Quantum Al serves as a cornerstone in the realm of quantum machine learning (QML), where the
power of quantum computing is harnessed to transform traditional machine learning tasks.
Quantum machine learning represents the convergence of two cutting-edge fields—quantum
computing and machine learning. The area of model training and optimization will hit fast forward,
and that's the quantum algorithms introduced by Quantum Al work for. For example, the quantum
support vector machine (QSVM) is a quantum-enhanced version of the classical support vector
machine (SVM). QSVM aims to solve classification problems with remarkable efficiency, making
it suitable for applications ranging from healthcare diagnostics to financial analysis (Schuld et al.,

2018, p. 1), (Rebentrost et al., 2014, p. 2).

Another exciting frontier in QML for us to delve into is the quantum neural networks. At the heart
of these networks lie quantum circuits & quantum gates, which work together seamlessly, and we
are able to use their combination to process quantum data. Quantum Al's ability to process data in
a quantum superposition state offers potential advantages in training deep neural networks and
enhancing pattern recognition tasks (Cong et al., 2019, p. 4), a boon for tasks involving extensive
datasets and intricate neural network architectures. Quantum entanglement facilitates enhanced
coordination between qubits; it may lead to more efficient training processes and has the capability
of improving communication in quantum neural networks even at significant distances.
Additionally, the design of quantum gates allows for analogous operations to classical neural
network functions, and we can potentially enable more efficient computations. Accelerating
language model training and improving language understanding tasks in the NLP field are things
that Quantum machine learning can assist with. Also, the NLP models enhanced by Quantum may
potentially enable more sophisticated language-related applications with the support of greater

efficiency in processing vast amounts of textual data.

Scientists and researchers in every related field are actively exploring scenarios to see if these
cutting-edge quantum algorithms perform significant advantages over classic counterparts, a

phenomenon referred to as quantum advantage in machine learning. Identifying such advantages
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and harnessing them for practical applications is a key focus of QML research (Wiebe et al., 2016,
p. 2). With tools such as QSVM and quantum neural networks at our disposal now, the way for
faster model training, more accurate predictions, and novel solutions to complex problems has

been paved, which also ushered in a new era of machine-learning possibilities.

4.4 Quantum Al Applications (Transforming Industries and Capabilities)

With its superior potential, quantum AI promises to go far beyond what today's classical Al
technology can achieve in numerous areas and revolutionize a multitude of applications. This
section provides an in-depth exploration of specific quantum Al applications, showcasing how it
is poised to reshape industries and address complex challenges in optimization, machine learning,
cryptography, and drug discovery, all while highlighting their quantum advantages (Schuld et al.
2018, p. 3), (Perez-Salinas et al., 2021, p. 2), (Farhi et al., 2014, p. 4) and (Preskill, 2018, p. 6).

4.4.1 Optimization and Quantum Al

Optimization is the alpha place of many real-world challenges, spanning logistics, finance,
engineering, and more. Quantum Al emerges as a powerful tool to transform optimization
problems, offering unprecedented advantages (Epstein & Young, 2007, p. 3), (Hadjicostis &
Charalambous, 2012, p. 2). This is particularly valuable in logistics, where it can optimize routes

for delivery trucks, cargo ships, or even satellite constellations (Hopp & Van 2004, p. 8).

1. Financial Portfolio Optimization: In the financial field, quantum AI has the potential to
completely change portfolio optimization. Balancing risk and return in investment portfolios is a
complex task that classical computers struggle to handle efficiently. Quantum Al algorithms can
quickly assess countless investment strategies, offering investors the ability to make more
informed decisions and potentially increase returns while managing risks (Cong et al., 2019,p. 3).
2. Supply Chain Efficiency: Quantum Al can optimize supply chain operations and reduce
product delays and pauses from A to B. That is what quantum Al does for a critical component of
industries like manufacturing and e-commerce - with a keen focus on considering factors such as
production schedules, inventory management, and transportation routes—quantum algorithms can
find solutions that minimize costs and maximize efficiency. This leads to reduced operational

expenses and improved customer satisfaction (Gisin, 2002, p. 2).
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3. Energy Grid Management: Quantum Al has the potential to start a new era for energy
grid management — with less waste and more savings and trying to juggle maintaining reliable
power while adding in more green energy - it is not just tough; it requires some serious smarts and
strategy for this complex optimization challenge. Quantum Al can analyze data from sensors and
grids in real time to make rapid decisions, improving grid reliability and reducing energy waste
(Mohammadi, 2013, p. 6).

4. Resource Allocation in Healthcare: Healthcare systems often face resource allocation
challenges, from hospital bed management to medication distribution. Quantum Al can optimize
resource allocation in healthcare, ensuring that critical resources are used efficiently and
effectively, ultimately improving patient care and outcomes (Cao et al. 2018, p. 3).

5. Environmental Sustainability: With quantum Al by our side, living green isn't just
possible; it's within reach since it can contribute to ecological sustainability. For instance, it can
optimize the deployment of renewable energy sources like wind and solar farms, considering
factors such as weather conditions and energy demand; it helps maximize clean energy production

and reduce reliance on fossil fuels (Biamonte et al., 2017, P. 13).

Quantum Al's ability to explore vast solution spaces in parallel positions it as a game-changer in
optimization across industries. Whether it's improving logistics, revolutionizing financial portfolio
management, or enhancing energy grid efficiency, quantum Al promises to drive cost savings,

enhance decision-making, and address complex challenges with unprecedented efficiency.
4.4.2 Cryptography and Quantum Security

In the field of cryptography, both challenges and opportunities have been brought by Quantum
computing. On one hand, it has the potential to break many classical encryption schemes through
algorithms like Shor's algorithm (Shor, 1994). On the other hand, quantum Al offers innovative
solutions for quantum-safe cryptography, ensuring the security of digital communications in a

post-quantum world (Scarani et al., 2009).

1. Quantum Key Distribution (QKD): Quantum Al contributes to the development and
enhancement of quantum key distribution (QKD) protocols (Gisin, 2002, p .6). The principles of
quantum mechanics, including entanglement and superposition, have been leveraged by QKD to

create secure communication channels. Unlike classical encryption, which relies on the
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computational difficulty of certain mathematical problems, QKD relies on the fundamental laws
of physics. Because of its built-in defenses, it is inherently secure against quantum attacks, and not
even the advanced methods used in quantum attacks can crack it open. Quantum Al can assist in
optimizing and implementing QKD systems, making them more practical and efficient for real-
world applications (Cao et al. 2018, p. 2).

2. Post-Quantum Cryptography: Quantum Al is instrumental in the development of post-
quantum cryptographic algorithms (Bernstein & Schwabe 2017, p. 3). These algorithms are
designed to safeguard digital data from futuristic cyber-attacks by quantum machines, ensuring
long-term security. Examples include lattice-based cryptography, code-based cryptography, and
hash-based cryptography (Alagic et al. 2021, p. 3).

3. Quantum-Safe Encryption: Quantum Al aids in the creation of quantum-safe encryption
methods for current and future communication systems (Jost et al. 2020, p. 2). This includes
quantum-resistant versions of widely used encryption standards, such as RSA and ECC. By
developing encryption techniques that remain secure even in the presence of powerful quantum
computers, quantum Al contributes to maintaining the confidentiality and integrity of sensitive
information (Papanikolaou & Kostopoulos, 2019, p. 4).

4. Quantum Cryptanalysis: Quantum Al also plays a role in advancing the study of quantum
cryptanalysis (Akgiin et al. 2020, p. 5). In labs around the globe, Researchers explored and
identified the potential vulnerabilities of existing cryptographic systems during the quantum
attacks and developed strategies to strengthen them. By simulating quantum attacks and analyzing
their impact on classical encryption, quantum Al helps security experts proactively identify and

address potential weaknesses (Mosca & Stebila, 2015).

Classical cryptography will buckle under pressure from quantum computing breakthroughs.
Along comes quantum Al, which offers a path forward through the development of quantum-safe
cryptographic techniques as a new defender, and the struggle between shields and spears will
never stop. Quantum key distribution, post-quantum cryptography, and quantum-safe encryption
methods are among the key areas where quantum Al contributes to ensuring the security of

digital communications in the quantum era.
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4.4.3 Drug Discovery and Quantum Al

Drug discovery is a complex and resource-intensive process that has the potential to benefit greatly
from the computational power of quantum Al (Wang et al., 2018, p. 3). Quantum Al offers the
capability to simulate molecular interactions at an unprecedented level of accuracy and efficiency,

significantly accelerating the drug discovery pipeline (Berry & Childs, 2015, p. 5).

1  Simulating Molecular Interactions: Quantum Al enables researchers to simulate the
behavior of molecules and their interactions with exceptional precision (Yung et al., 2014, p.
2). Unlike classical computers, which struggle to model the quantum behavior of atoms and
molecules accurately, quantum algorithms can provide a more realistic representation of
complex biochemical processes; it leads to a deeper understanding of drug-receptor
interactions and the potential to design more effective drugs (McArdle et al., 2019, p. 2).

2 Exploring Vast Chemical Spaces: Drug discovery involves exploring vast chemical spaces
to identify compounds with therapeutic potential (Genheden & Ryde, 2015, p. 5). Quantum
Al can efficiently search through these spaces, predicting the properties of molecules and
their suitability as drug candidates (Gidofalvi & Vidal, 2009, p. 3), which reduces the time
and resources required for experimental testing, leading to faster drug development (Lu &
Freitas, 2009, p. 4).

3  Targeted Drug Design: Quantum Al aids in targeted drug design by predicting how
molecules will bind to specific biological targets, such as proteins or enzymes (Ribeiro et al.,
2011, p. 6). This information is critical for designing drugs that can modulate specific
biological pathways and treat diseases with high precision (Humphrey et al., 1996).

4  Personalized Medicine: Quantum AI also holds promise for personalized medicine
(Agrawal et al., 2018). By analyzing an individual's genetic and molecular data, quantum
computing algorithms can identify personalized health treatment options. There is no one-
size-fits-all approach here. This approach can improve treatment outcomes and minimize
adverse effects (Sneader, 2005, p. 97).

5 Revolutionizing Pharmaceutical R&D: Quantum Al has the potential to revolutionize
pharmaceutical research and development by significantly reducing the time and cost

associated with drug discovery (Ghasemi & Mehler, 2019, p. 6). It enables researchers to
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explore a broader range of chemical compounds and optimize drug candidates more
efficiently (Cuperlovic-Culf et al., 2016, p. 3).

6  Potential for Drug Repurposing: Quantum Al can identify existing drugs that may have
potential new applications (Oprea & Mestres, 2012, p. 2). Analyzing molecular interactions
and biological pathways can suggest repurposing strategies, potentially accelerating the

availability of treatments for emerging diseases or conditions (Pushpakom et al., 2018, p. 1).

4.4.4 Quantum Al and Scientific Discovery

Quantum Al's extraordinary computational capabilities have the potential to revolutionize
scientific discovery across various domains, from materials science to drug development and

beyond (Bauer et al., 2016, p. 4).

e Material Discovery: Quantum Al can significantly accelerate the process of discovering new
materials with desirable properties (Raccuglia et al., 2016, p. 2). The properties of novel
materials can be predicted through the simulation of atoms and molecules on the quantum
level. Researchers can enable the design of more efficient catalysts, superconductors, and
advanced materials for various applications.

e Molecular Dynamics: Understanding the dynamics of complex molecules and biological
systems is crucial for drug development and biochemistry (Dror et al., 2012, p. 3). Quantum
Al can simulate molecular interactions with exceptional accuracy, providing insights into
protein folding, drug binding, and chemical reactions that were once computationally
infeasible (Schiitt et al., 2017, p. 4).

e Quantum Chemistry Calculations: Quantum chemistry involves solving the Schrédinger
equation for molecules and materials, a computationally intensive task (Szabo & Ostlund,
1996). Quantum Al algorithms can significantly speed up these calculations, allowing
researchers to explore larger chemical spaces, predict molecular properties, and design novel
chemical compounds more efficiently (Grimsley et al., 2018, p. 2).

e Complex Natural Phenomena: Quantum Al can help researchers gain deeper insights into

complex natural phenomena, such as quantum materials and quantum phase transitions
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(Sachdev, 2018, p. 2). These insights not only have implications for quantum computing but

also for fundamental physics and condensed matter research.

4.5 Quantum Al in Practice

Quantum Al is no longer a theoretical concept; this rapidly advancing field is in a mode of active
research, development, and practical applications. Tech giants like Google and IBM, along with
numerous startups and research institutions, are actively pursuing quantum Al to harness its

potential for real-world impact (AWS Quantum Solutions Lab, n.d.).
4.5.1 Quantum Hardware Development

Companies such as Google and IBM have made significant investments in the development of
quantum hardware (Google Quantum Al n.d.). Google's quantum processor, Sycamore, achieved
quantum supremacy by performing a specific task faster than classical supercomputers (Arute et
al., 2019, p. 6). Better hardware for the quantum world means a critical leap forward in making Al

tasks easier and faster by implementing quantum algorithms.
4.5.2 Quantum Machine Learning Libraries

To bridge the gap between quantum computing and Al, several libraries and frameworks have
emerged (Quantum Computing Report, 2021). Examples include Google's TensorFlow Quantum
(TFQ) and IBM's Qiskit machine learning module (IBM Quantum, n.d.). By tapping into these
libraries and with the support of tools and interfaces, developers and researchers can effortlessly

integrate quantum computing threads through their Al workflows.
4.5.3 Startups Exploring Quantum Al Solutions

The startup ecosystem is vibrant, with companies exploring quantum-enhanced AI solutions
(VentureBeat, 2021, p. 4). These bold startups, working on various applications, are not only
hunting for medical breakthroughs and drug discovery but also trying to rewrite the rules in
cryptography and finance. Their goal is to make headway on complex real-world questions much

quicker with the support of the computational advantages of quantum Al.
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4.5.4 Research Collaborations

Collaborations between research institutions and industry players are accelerating advancements
in quantum Al (University of California, Berkeley, 2021). Universities and research centers work
closely with tech companies to develop algorithms, quantum hardware, and applications that

leverage the power of quantum computing for Al tasks.
4.5.5 Quantum Cloud Services

Some companies (e.g., IBM, Microsoft, D-Wave, Google, and IonQ) and Quantum Services offer
cloud-based quantum computing services that allow researchers and developers to access quantum
hardware remotely (Rigetti Computing, n.d.). This cracking opens the potential of quantum Al—
making advanced quantum computing resources widely available and democratizing them to

encourage experimentation with quantum Al

4.6 Challenges and Quantum Error Correction

Quantum Al, while promising, faces significant challenges related to error correction and noise
inherent in quantum hardware. These challenges are actively researched to ensure the reliability

and robustness of Quantum Al applications (Terhal & Fowler, 2015, p. 3).

Quantum computers are susceptible to errors due to their delicate quantum states. These errors can
propagate and affect the accuracy of quantum computations (Devitt, Munro, & Nemoto, 2013). To
address this, researchers are developing quantum error correction codes (Nielsen & Chuang, 2010,
p. 425). These codes detect and correct errors, preserving the integrity of quantum information and

computation (Preskill, 2018, p. 4).

Noise in quantum hardware arises from various sources, including decoherence, gate imperfections,
and environmental factors (Lidar & Brun, 2013, p. 5). Noise can disrupt quantum computations
and limit their effectiveness (Paz-Silva & Lidar, 2013, p. 4). Quantum error correction strategies

aim to mitigate the impact of noise on Quantum Al systems (Gottesman, 1997).

Building fault-tolerant quantum computers is a key objective to ensure the practicality of Quantum

Al (Aharonov, Kitaev, & Nisan, 1997). Fault-tolerant quantum systems can continue operating



163

correctly even in the presence of errors, making them more reliable for demanding Al tasks (Gao,

Rieffel, & Wang, 2020, p. 3).

Quantum error correction also extends to the development of quantum algorithms and software.
Researchers are working on algorithms that are inherently robust to errors, reducing the need for

extensive error correction (Biamonte & Love, 2016, p. 2).

Combining classical and quantum computing resources in a hybrid approach can help address
quantum error correction challenges. Classical computers can assist in error correction and

enhance the overall reliability of quantum computations (McClean et al., 2016, p. 7).

Quantum error correction is a critical area of research that will play a pivotal role in ensuring the
practicality and effectiveness of Quantum Al systems in real-world applications (O'Brien et al.,

2017, p. 8).

4.7 Ethical Considerations in Quantum Al

With every leap forward in Quantum Al, ethical considerations take on increased significance, and
we need to match our technical advances with serious thought about what is right and wrong.
Quantum computing and Al are game-changers, but only if we handle their growth ethically by
facing their unique ethical challenges that require new conceptual tools for proper evaluation and
governance (Possati, L. M., 2023). Addressing these ethical concerns, which are also advancing
with the times, is crucial to ensure the responsible development and deployment of quantum

computing in Al applications.
4.7.1 Responsible Use of Quantum Computing

Having the power to simplify complex problems with ease - that is what diving into Quantum Al
feels like, the immense power in its potential can offer effortlessly in navigating critical decisions
when complex issues appear. However, with this immense power comes a responsibility to ensure
its ethical and responsible use. To make the most out of combining Al with quantum computing,
establishing robust ethical guidelines and a strict regulation framework is critical—this safeguards
transparency and trustworthiness across the board. Ensuring its responsible use is paramount, as

its capabilities could have profound societal impacts (Taddeo & Floridi, 2018, p. 3). Ethical
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guidelines and regulations must be established to govern its applications, similar to efforts in

classical Al (Jobin, Ienca, & Vayena, 2019, p. 1).
4.7.2 Privacy Concerns

Unlocking new potentials with quantum computing is thrilling but still needs abrace —
safeguarding privacy just got more complicated. For instance, factoring huge numbers is an
arduous task that traditional computers struggle with. This is the foundation of the RSA encryption
technique, which is commonly used to protect Internet communications. Nevertheless, quantum
computers may break RSA encryption, which may use Shor's technique to do complicated
computations exponentially quicker. Because of this flaw, sensitive information might be exposed
to hostile parties by quantum computers breaking encryption on emails, financial transactions, and
personal data. On the flip side, combined with quantum computing, it can also offer enhanced
solutions to privacy within a quantum-powered world. For example, to guarantee the anonymity
of encryption keys, Quantum Key Distribution (QKD) offers a secure communication technique
based on quantum physics that uses quantum mechanics to ensure the privacy of encryption keys.
In order to provide a proof-of-concept for worldwide secure communication networks impervious
to quantum hacking, the Chinese satellite Micius successfully demonstrated QKD at a distance of
1,200 kilometers (Xinhua, 2017). Traditional locks and keys for keeping digital lives safe are not
cutting it against quantum computing—it is pushing humanity toward inventing new forms of
protection, just like the confrontation between divine weapons and divine armor. With
advancements in quantum tech, traditional encryption could become an open book where
cryptographic systems that have long safeguarded sensitive data may become vulnerable to
quantum attacks, leading to potential breaches and data exposure. The impact on data privacy is
substantial, as quantum computing accelerates the decryption of previously secure

communications and data (Mosca, 2018, p. 5).

To counteract the threat posed by quantum computing, the development and adoption of quantum-
resistant encryption techniques have become imperative (Amin, Elkouss, & Strelchuk, 2016, p. 3).
Quantum-resistant encryption methods aim to protect data privacy in a quantum-powered world
by ensuring that communications remain confidential even in the face of quantum threats.

Everyone deserves their slice of privacy, which is fundamentally protected by the principles of
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individual rights and ethical considerations. Quantum computing's disruptive potential in
encryption heightens the ethical responsibility to safeguard individuals' privacy (Bos et al., 2015,
p. 4). Ensuring that quantum technologies are harnessed in ways that respect privacy rights is
paramount. Ethical guidelines and regulations should reflect this commitment to preserving

privacy while adapting to the evolving security landscape.
4.7.3 Bias and Discrimination

It is crucial to address these concerns and design algorithms that mitigate biases; that is the one
and only way at the current status to ensure that the quantum Al we developed is formed as a force
for good. As we know, quantum Al systems rely on data for training and decision-making just as
similar as classical counterparts, and it will also lead to unfair outcomes, reinforcing existing
inequalities if the biased data has been stuffed in. Quantum Al developers must be acutely aware

of the potential for bias in their datasets and algorithms (Dwork et al., 2012, p. 5).

The mitigation of biases should be the priority when working on the design and implementation
of quantum Al systems, which involves a multifaceted approach, including data preprocessing,
algorithmic fairness, and ongoing monitoring. Quantum Al systems should be designed to detect
and correct biases, ensuring they do not perpetuate discrimination or unfairness (Dwork et al.,
2012, p. 5). For a Quantum Al system, holding onto transparency, fairness, and accountability is
vital; making sure its decision process adheres to ethical guidelines for promoting fairness in
decision-making processes, keeping things transparent in how algorithms operate, and letting users
understand question the results is a must. Accountability mechanisms should hold developers and
organizations responsible for the consequences of their quantum Al applications (Diakopoulos,

2016, p. 2).
4.7.4 Algorithmic Transparency

When it comes to bringing quantum Al into development and deployment, it is essential to
prioritize transparency in decision-making processes. Quantum Al, like any advanced technology,
should be understandable and explainable to build trust and ensure users can verify the decisions
it makes (Weller & Junczys-Dowmunt, 2019, p. 3). Transparency is the key for users to really trust

quantum Al systems, which requires being open and clear about how things work, which is
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absolutely fundamental. Trusting in technology means the users should have confidence in their
decisions and decision-making processes. When quantum Al algorithms are transparent, users can
better understand how and why specific decisions are reached, making it easier for them to verify

the outcomes (Lipton, 2016, p. 2).

Explainability is a fundamental component of transparency, alongside clarity, accessibility,
accuracy, openness, consistency, accountability, and ethical considerations. Quantum Al
algorithms should be designed in a way that enables them to explain their decisions in a
comprehensible manner. Multiple purposes can be served through this explainability. First, it
ensures that users can hold quantum Al or their designers (who could see what the consequences
would be) systems accountable for their actions. Second, it can allow users to challenge any
potential biases or unfairness since the factors and data that influence decisions have been provided

with deep insights for the users.
4.7.5 Access and Inclusivity

With the ongoing updating of both quantum Al and ethical standards, ethical considerations have
been extended far beyond the technology's development and applications to encompass standards
of access and inclusivity. Ensuring equitable access to quantum Al technology is a fundamental
ethical imperative, and it requires collaborative efforts from various stakeholders (Cherukuri,
Vuckovic, & Majumdar, 2020, p. 2). The rapid advancement of quantum computing has the
potential to exacerbate the digital divide, leaving certain groups or regions without access to the
benefits of quantum Al (Aasi etal., 2020, p. 2). For moral reasons, measures are required to prevent
such disagreements from escalating. It is crucial to prioritize inclusivity and accessibility to make

quantum Al technology available to a wide range of users and communities.

The ethics of quantum Al are always on the move, just like the nature of the technology itself -
evolving to meet new challenges head-on. To address these concerns, stakeholders, including
governments, researchers, and industry leaders, must work collaboratively to establish ethical
frameworks and guidelines (Taddeo & Floridi, 2018, p. 3). These frameworks should uphold
principles of fairness, privacy, and responsible use. Crafting approaches that boost accessibility
and embrace diversity and inclusivity ensures the gifts of quantum Al are shared far and wide,

with everyone benefiting equally.
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4.8 Impact on Governance Frameworks

Quantum Al disrupts most Al governance frameworks discussed in Chapter 2, which requires new
regulations and guidelines of strategies specifically designed for quantum Al for the unique

challenges posed by quantum AL
4.8.1 Unprecedented Computational Power

Like a supercomputer on steroids — that is what quantum Al brings to the table with its unparalleled
level of computational power, reshaping the landscape of Al into new territories effectively. This
transformative shift brings with it significant ethical and governance considerations that

necessitate a closer look (Biamonte & Love, 2016, p. 3).

1. Bias and Fairness:

Large volumes of data might be processed and analyzed by quantum Al at previously unheard-of
rates. On the other hand, biases in the underlying data may be exacerbated. For example, compared
to classical Al, a quantum Al system trained on biased datasets may yield biased conclusions more
quickly and on a wider scale. Significant ethical questions concerning equality and fairness in
decision-making processes are brought up by this.

Example:

Think about a recruiting procedure. Its core is combined with the quantum Al system. The Al may
reinforce and even intensify prejudicial hiring practices if the training data contains such

information, which would result in the unjust treatment of particular demographic groups.

2. Privacy and Security:

Conventional encryption methods have shielded private conversations, financial records, and
medical information from potential breaches and exploitation in the last few decades. But it may
get weaker while the capability of Quantum Al gets stronger day by day, leading to potential
breaches and misuse of private data in unexpecting but key one day.

Example:

While the quantum AI decrypts encrypted health records, the exposing of sensitive patient
information, which leads to privacy violations and potential misuse of data, is inevitable; direct

discrimination or identity theft may even be standing on the threat at the level of weakness, it may
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trigger miscellaneous malicious behavior, some of that can challenge the bottom line of human

civilization, like the special strikes targeting specific groups of pathogenic factors.

3. Accountability and Transparency:

Most ordinary Al tries to imitate humans with algorithms designed by humans. They only have
larger amounts of data, and relying on them to achieve Al may not be enough, even if they deplete
the entire Earth's resources in human cognition. However, the power of quantum Al is not limited
by human-limited cognition, and precisely because of the complexity of quantum Al systems, it
may be difficult to understand how they make choices, even for experts. This opacity can lead to
very serious accountability issues. Therefore, in order to maintain sufficient accountability and
confidence, algorithms and decision-making processes must always strive to remain transparent
within the cognitive limits that humans can understand.

Example:

High-frequency trading in the financial markets may be facilitated by quantum Al It could not
only be difficult to trace back and hold the appropriate parties accountable if a quantum Al system
makes a decision that leads to significant financial losses or has been applied to market
manipulation, but it is also hard to get enough evidence to bring them to justice; since this may
pose a considerable challenge to the understanding of the jury, judges, and prosecution, as most of
them have not known about quantum mechanics throughout their lives. Even if they are experts in
the relevant field, it is still complicated to explain transparency and accountability while the

designing of the algorithm is out of their cognition.

4. Regulation and Oversight:

New supervision procedures and legal frameworks must be created in light of quantum Al's
explosive growth. Since quantum Al has the ability to interfere with current security systems and
make extremely large-scale decisions, it presents distinct issues that may not be sufficiently
addressed by current laws and regulations.

Example:

Suppose governments and international bodies could not have corporeal regulations for the darker
aspects of quantum Al. In that case, that is not much different from sleeping in a room with a

ticking time bomb, especially for ethical use in sectors such as healthcare, finance, and national
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security. A clear definition of what is fair and right in Al development could lead to better data
safeguards, see-through algorithms, and principles that honor humanity. In the foreseeable future,
its power is sufficient to threaten the vast majority of essential equipment that modern governments
rely on. If regulation is not in place, a political system is likely to be destroyed from within and hit
with a fatal blow in times of survival. This threat is even more overwhelming than the difference
between hot and cold weapons. It can even be infinitely close to the confrontation between humans

and the person using the god's power.

5. International Collaboration:

Because of quantum Al's worldwide significance, international cooperation is necessary to create
uniform standards and procedures. Countries must cooperate to overcome the ethical and
governance concerns brought by quantum Al to ensure that developments benefit all of humankind
and do not create inequality or violence.

Example:

The gap in quantum Al between countries can easily form a divide. Without a consensus reached
within the international community and regulatory mechanisms, this technology may become a
reliance for rogue countries to break through moral boundaries and act recklessly in the world,
even worse than nuclear weapons and nuclear blackmail. Quantum blackmail is likely to become
a real threat to the decline of human civilization. Nowadays, ordinary Al has wreaked havoc on
the battlefield. With the assistance of Al, killing has even become easier in some people's eyes
than playing games. The source of the power of quantum Al itself has exceeded the limits of human
cognition today, so the progress in the field of quantum computing will not be a simple linear
process. Although human research on it is still shallow, many of its existing characteristics have
already shown the potential to be developed into highly efficient weapons of destruction. For
example, the drone swarm currently used on a large scale will become like a terminator when
quantum Al achieves breakthroughs. Once it exceeds human cognition's limits, it may backfire on

the entire human civilization and bring about an actual day of destruction.

With quantum parallelism, quantum AI makes previously impossible tasks manageable by
simultaneously efficiently handling massive datasets and tackling complexity head-on. Inventing

drugs and logistics optimization were once tall orders, and quantum Al offers solutions that were
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once considered beyond reach. Because of these expanded capabilities, quantum Al has far-

reaching implications that have affected the old-school frameworks for overseeing Al

With unprecedented computational power comes the potential for profound societal impacts - it is
going to make waves in how humanity lives and interacts. The way Quantum Al's decision-making
processes, along with the outcomes it generates, are becoming focal points of particular concern
due to the transformative nature of its capabilities for quite a few people. Quantum Al flexes its
unprecedented computational power in transforming various fields, which has the potential to
revolutionize various industries and aspects of society, raising important questions about the
ethical, societal, and regulatory implications of its use. As Quantum Al systems evolve, there is a
pressing need for careful consideration of the ethical frameworks, transparency, and accountability
mechanisms that will guide and govern their decision-making processes, ensuring that the
transformative impact aligns with human values and benefits society as a whole. Governance
frameworks must grapple with the ethical implications of these processes, ensuring that they are
fair, transparent, and accountable (Mosca, 2018, p. 5). Solving what used to be impossible is
promising yet risky at the same time. The governance framework needs to address how these newly
discovered capabilities impact society. This includes studying the potential shifts in employment,

privacy, and security brought about by the widespread use of quantum Al.
4.8.2 Data Privacy and Security

As quantum Al zips through computations at lightning speeds, it throws a bomb at our usual ways
of guarding personal data privacy and security. Traditional encryption methods once thought to be
robust, may become vulnerable to the sheer computational power of quantum attacks (Jobin, Ienca,
& Vayena, 2019, p. 4). Quantum computing poses a significant threat to data privacy with
its ability to break conventional encryption methods. Quantum algorithms can quickly decipher
encrypted data that would have remained secure using classical encryption. This fundamental shift
necessitates a reevaluation of how data is protected in a quantum-powered environment (Amin,

Elkouss, & Strelchuk, 2016, p. 3).

With quantum Al changing the game, sticking with ancient governance tactics and frameworks
simply won't work. Embracing change is our ticket through this maze of obstacles; it is necessary

to undergo significant adaptation to address the challenge. As quantum tech becomes a reality and
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keeps evolving, these frameworks must evolve either to ensure sensitive information remains
secure even in the face of quantum-powered threats. In the race with quantum advancements,
safeguarding sensitive details demands more than just good intentions; it requires evolving
strategies that are ready for anything, and the urgency to develop and implement quantum-resistant
data protection measures becomes increasingly evident. Just like updating the systems of phones
and computers to keep hackers at bay, as quantum Al grows smarter, so must the strategies for
protecting personal and professional information from futuristic risks. The risk of data breaches
and privacy infringements looms large; facing constant threats from quantum hackers, staying
ahead with strong data protection strategies has never been more critical, necessitating a proactive

approach to safeguarding data.

The development and implementation of quantum-resistant data protection measures lie at the crux
of this adaptation. Encryption protocols must be reimagined to withstand the formidable
computational capabilities that quantum Al brings to the table. This evolution is not merely a
luxury but a pressing necessity, as the risk landscape is evolving at a pace that mandates

anticipatory governance.
4.8.3 Transparency and Explainability

The complexity of the algorithms of quantum AI may increase and make maintaining its
transparency and explainability very challenging. The new governance frameworks should address

the need for this issue and keep quantum Al systems understandable and interpretable.
Challenges

1. Quantum systems can exist in multiple states simultaneously (superposition). They can be
entangled, where the state of one qubit is dependent on the state of another, even if they are
separated by large distances. This makes it challenging to trace the decision-making process,
as classical Al techniques may not apply directly.

2. Many quantum Al models can be treated as "black boxes" due to their complexity, making it
challenging to understand their inner workings, and this lack of transparency can be
problematic for regulatory compliance and accountability. It complicates following the law

and ensuring responsibility isn’t shrugged off. The murkiness really hits hard during times
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when regulatory bodies need to step in, or stakeholders demand accountability in decision-
making processes. To play it fair in tech, most of our frameworks are guided by how well we
grasp what algorithms do under the hood - on an understanding of how algorithms
operate. However, the inherent opaqueness of quantum Al models can create a gap in meeting
these regulatory expectations.

Furthermore, accountability, a cornerstone of responsible Al deployment, is compromised
when the inner workings of the quantum Al models are obscured. When these systems decide
on something without clear reasons, it leaves many scratching their heads, including
stakeholders and end-users, since it is not just confusing, it is too challenging to comprehend
or challenge decisions made by these models; it might lead to potential ethical and legal
dilemmas and even stir up some serious questions about right and wrong or even legality. This
issue is amplified in sectors where transparency and accountability are paramount, such as

finance, healthcare, or autonomous systems.

4. At this moment, trying to get accurate results from quantum computers is tricky due to noise;
it can even lead to unpredictable results; they often slip up due to background noise, which
makes explaining the impact of noise on the decision-making process can be a significant
challenge.

Possible Mitigation

1. Develop more interpretable algorithms for quantum AI. While this might sacrifice some

quantum speedup, it can enhance transparency (Benedetti, 2019, p.5). Researchers can explore
hybrid models that combine classical and quantum elements with clearly defined decision-
making steps. A quantum-classical hybrid model that combines quantum and classical
computing techniques in a way that allows for the advantages of both paradigms. Solving the
puzzle of transparency means rolling out incorporating classical interpretability methods to
explain decisions, using visualization tools, and engaging in effective communication aimed
at clearing things up for all who have a stake in it and users to make the decision-making

process more understandable to users and stakeholders. See section 4.8.4 for more details on

hybrid models.
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Create tools and techniques for visualizing quantum circuits and the evolution of quantum
states during computation (Nielsen & Chuang, 2010, p. 288). This can help researchers and
users understand the quantum logic gates' operations and their impact on the final output.
Develop dedicated Explainable Quantum AI (XQAI) techniques to extract explanations from
quantum Al systems (Patrick et al.,2022, p.4). These might involve quantum computing
mysteries, techniques like gauging sensitivity analysis, pinpointing critical elements in the data
sets, feature importance, or even providing clear-cut rationale behind algorithms with post hoc
explanation methods adapted for quantum algorithms.

Address the issue of noise in quantum computers through robust quantum error correction
codes. With the reliability of quantum computations being ensured, trust in the transparency
of quantum Al systems will also be enhanced.

By merging minds—from the realms of quantum physics and computing to ethics and policy-
making—we can forge paths through the complex landscape of quantum Al to develop
governance frameworks that consider the unique challenges of quantum Al. Joining forces to
design approaches guarantees the creation of standardized methods, transparency, and
explainability, which means it is simple for anyone to understand why something is done a
certain way.

Establish regulatory standards for quantum Al that mandate transparency and explainability.
This can encourage organizations and researchers to adhere to best practices in quantum Al
development.

Mandatory transparency and explainability should be the alpha standards in establishing
regulatory standards for quantum AI. These standards can encourage organizations and
researchers to keep their standing and adhere to best practices in quantum Al development.

It makes sense to boost learning opportunities around the intricacies of quantum computing
and quantum Al for everyone, especially Al practitioners, researchers, and policymakers, to
be involved in crafting or guiding intelligent technologies — they will need these insights as we
chart new courses. Exploring this further leads to a better understanding of the challenges and

potential solutions.
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4.8.4 Hybrid Quantum-Classical Models

A quantum-classical hybrid model refers to quantum computing joining forces with the reliable
brawn of classical computing together in a single system or algorithm, where they tackle problems
that cannot be solved alone. The idea is to leverage the strengths of quantum computing while
maintaining some of the interpretability and transparency associated with classical computing
(Terno, 2023, p. 4). Here's an overview of what these hybrid models might look like and how they

can address transparency:
1. Preprocessing with Classical Algorithms:

Description: Use classical algorithms for data preprocessing and feature engineering before
passing the processed data to the quantum part of the algorithm. This allows for classical

interpretability in the initial stages. (Terno, 2023, p. 4)

Analysis: We guarantee the early stages are interpretable and preserve the benefits of well-
established data preparation approaches by employing classical methods for preprocessing. In this
phase, well-understood classical computing activities, including data normalization, filtering, and

dimensionality reduction, are performed.

Implications: Preprocessing is like our system's engine room. If we can see how it works with
interpretability and transparency, we can pinpoint issues, debug and understand the data pipeline,
and feel more confident that the entire system is running smoothly. Also, since quantum computing
integrates with the tools we are familiar with, we can scale the entire research without retrofitting

our entire approach.
2. Quantum Feature Extraction:

Description: Employ quantum algorithms to extract and represent features in a quantum state.
While the core computation is quantum, the features extracted can be interpreted and analyzed

classically.

Analysis: Because of their computing constraints, classical approaches may overlook intricate
patterns and correlations that quantum feature extraction might possibly find. Quantum states can

represent multiple aspects at once, giving the data a richer and more complex representation.
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Implications: The classical gap between quantum computing's abstract outputs and useful,
practical insights is filled by the capacity to interpret and analyze these quantum-extracted
characteristics. By using a hybrid technique, the model's explanatory power is increased, and

comprehensible characteristics are retrieved, making the model both strong and clear.
3. Quantum-Classical Optimization:

Description: Utilize quantum algorithms for optimization tasks but integrate classical
optimization techniques for certain steps. This hybrid approach allows for a combination of
quantum and classical optimization methods, maintaining interpretability in the classical steps.

(Lipparini & Mennucci , 2021, p. 3)

Analysis: Many applications, from machine learning to logistics, depend heavily on optimization.
Quantum algorithms, such as the quantum approximation optimization algorithm (QAOA), can
explore large solution spaces more effectively than conventional methods. Nonetheless, the use of

classical approaches guarantees consistency and comprehensibility over several phases.

Implications: Optimization solutions that are more reliable and effective may come from this
integrated approach. Additionally, it offers a mechanism to progressively integrate quantum
algorithms into conventional systems, enabling professionals to get comfortable with and

confident in the new approaches without giving up on tried-and-true classical procedures.
4. Quantum-Assisted Machine Learning:

Description: Combine classical machine learning models with quantum algorithms. The quantum
part could, for example, be used for enhancing certain aspects of the model, such as speeding up

specific computations or exploring complex solution spaces (Radonji¢ et al., 2012, p. 5).

Analysis: Matrix operations in neural networks and sampling in probabilistic models are two
examples of computations that quantum-assisted machine learning may greatly speed up. The
capability of quantum algorithms can also explore and optimize complex solution spaces more

effectively.

Implications: Breakthroughs in performance and capabilities for classical machine learning can

be enhanced by quantum algorithms. Also, understanding the hybrid model requires knowledge of
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both quantum and classical computing principles, so it is important to develop quantum literacy

among machine learning practitioners.

Broader Implications and Challenges

Significance: Combining quantum and classical methods offers a realistic way to advance

quantum computing. It permits gradual integration, in which quantum computing improves

particular features of classical algorithms without trying to completely replace them.

Challenges:

Technical Integration: It is technically difficult to integrate quantum and classical
components seamlessly, which requires complex interfaces and synchronization
techniques.

Resource Requirements: At the moment, quantum computers are costly and resource-
intensive. In order to enable broad use of quantum computing, effective hybrid models
need to maximize resource use and make quantum computing accessible and practical for
widespread use.

Educational Gap: Interdisciplinary education is required to provide professionals with the
knowledge and abilities to operate in both the quantum and conventional computing

paradigms.

Relevance to Computing and Technology:

Evolution of Computing: Since hybrid models combine the best features of several
paradigms to tackle challenging issues, their creation is a logical next step in the evolution
of computer technology.

Innovation and Adoption: Hybrid models have the potential to spur creativity and
quicken the adoption of quantum computing technology in a variety of sectors by

showcasing real-world advantages and tackling pressing issues.

Exploiting the advantages of both quantum and classical computers may be accomplished using

hybrid quantum-classical models. We can handle complicated issues more skillfully while

preserving interpretability and making use of current computing frameworks by combining these
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paradigms. Still, there are a lot of technological, resource, and instructional obstacles that must be
overcome before these models can be fully utilized. The future of computing is tied to the ongoing
development and refinement of hybrid models, and as they improve, innovation will also be driven;

we will unlock new possibilities with Al and beyond.

4.8.5 Bias and Discrimination

Addressing bias in quantum Al is of paramount importance as it mirrors the concerns seen in
classical Al systems. Much like their classical counterparts, quantum Al systems can be
susceptible to bias and discrimination, a fact underscored by (Hardt, Price, & Srebro, 2016, p. 4).
The governance frameworks for quantum AI must account for this challenge to make sure it has
fair and equitable outcomes. Quantum Al isn't perfect; it stumbles over data bias, gets tripped up
by algorithmic prejudice, and even faces the hurdle of human partial opinion. Data bias emerges
when the training data used to develop quantum Al systems contains inherent biases or reflects
historical inequalities. For example, healthcare-focused quantum Al systems could be less accurate
for underrepresented demographic groups if medical data exhibits such biases, as pointed out by
(Dwork et al., 2012, p. 3). Algorithmic bias pertains to the algorithms used in quantum Al, which
may inadvertently favor or disfavor specific groups or outcomes. Furthermore, during the
development and deployment of quantum Al, human partial opinion & bias can influence their

behavior, from data selection to algorithm design and result interpretation.
4.8.6 International Collaboration

The nature of the research in quantum Al is inherently global; numerous countries and
organizations are actively engaged in advancing this cutting-edge field. This interconnectedness
necessitates a concerted effort in international collaboration to establish a unified and harmonized
approach to governance (Regalado, 2019, p. 2). Quantum Al research transcends national borders,
with teams from different countries pooling their brains on quantum Al projects. That is an arena
where cooperation fuels innovation beyond boundaries, reflecting the collaborative nature of
science and technology. Globally, whether it is sharp researchers or leaders of forward-thinking
companies or institutions that are concerned with quantum Al, they are working together to unlock

the potential of quantum Al.
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With quantum Al going global, we must establish a common governance framework for everyone.
Setting a global standard for doing what is right with strict safeguards prevents any misuse from
slipping through the cracks; it ensures that ethical practices, responsible use, and safeguards
against misuse are consistent across nations. This unification is crucial to prevent disparities in
how quantum Al is governed and applied, and bringing everyone on the same page with quantum
Al rules and uses is critical to avoiding uneven practices across the board. When countries join
forces, they are not just making decisions together but also setting the standard for ensuring
international collaboration extends beyond governance and encompasses the promotion of ethical
practices in quantum Al research and application. Suppose every one of us puts our best foot
forward and follows a set of best practices and ethical guidelines worldwide. In that case, it
becomes easier to collectively work towards harnessing what quantum Al offers— aiming straight
at improving lives across the globe and for the great good of humanity. With great power comes
the potential for misuse. International collaboration helps identify and mitigate the risks associated
with quantum Al, reducing the likelihood of unethical applications that could harm society. Even
yet, while beneficial, a number of obstacles exist to this collaboration, including disputes over the
rights of intellectual property, differing regulatory landscapes, security risks related to data and
information protection, cultural and language barriers affecting communication, geopolitical
tensions influencing partnerships, and disparities in resources among participating countries. We
will need careful navigating of legal, security, and cultural issues to overcome these obstacles and
assure fair and productive cooperation, maximizing the collective effort to solve ethical issues and

reduce hazards related to quantum Al breakthroughs.
4.8.7 Regulatory Adaptation

The existing regulatory bodies and policies for Al face a unique challenge posed by emerging
quantum Al technologies. To effectively address the intricacies and potential risks associated with

quantum Al, adaptations and expansions in the scope of these regulatory bodies may be necessary.

The existing regulatory bodies focused on traditional Al can not encompass the distinctive features
and challenges of quantum Al if they remain the same; they need to reevaluate and expand their
scope. Quantum Al's unparalleled computational power, potential for bias, and data security

implications require regulatory attention tailored to this technology (National Academies of
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Sciences, Engineering, and Medicine, 2018). Considering the profound differences between
quantum Al and classical Al, the establishment of specialized regulatory bodies dedicated to
quantum Al governance may become imperative (Taddeo & Floridi, 2018b). Navigating quantum
Al's maze requires more than just smarts; these entities would be equipped to navigate the ethical,
technical, and societal intricacies unique to quantum Al and ensure its development and
applications align with ethical principles. In a rapidly evolving technological landscape,
coordination and collaboration between existing Al regulatory bodies and new quantum Al-
specific regulatory bodies are vital; it demands an ironclad commitment to ethics from folks who
understand every twist and turn—technically and socially. To stay ahead of curveballs thrown by
rapidly advancing tech scenes like blockchain or deep learning technologies demand more than
solo acts from our regulatory bodies; together, they can foster a comprehensive governance
framework that accounts for classical and quantum Al technologies. Hand in hand, they are set to
develop game rules that respect both classic Al and its newer, quantum sibling. It is more than
administrative tweaks when we adapt and expand regulatory frameworks—it is about smartly
aligning governance with a strategic step to ensure that the governance of quantum Al aligns with

its transformative potential and unique challenges.
4.8.8 Ethical Guidelines

The importance of the fundamental ethical guidelines can never be overstated in the field of
quantum Al, which is rapidly advancing, and as the evolution of governance frameworks for
quantum Al has human society, a strong emphasis on updating ethical principles to meet the new
ethical standard of society becomes paramount. These guidelines should be designed to ensure the

responsible development, deployment, and use of this powerful technology.

1. Ethical guidelines must first and foremost emphasize the responsible development of quantum
Al systems. This includes the creation of algorithms that are designed to mitigate bias,
discrimination, and unfairness (Hardt, Price, & Srebro, 2016, p. 2). The ethical implications of
work in this area should always be put in the first place, and the developers and researchers
should be encouraged to do so as an Alpha protocol, both in terms of the technology's

capabilities and its limitations since no one can guarantee that themselves will not become
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victims of others breaking through the bottom line in the foreseeable future. The Specific

Ethical Principles at Work includes:
1.1 Autonomy

Definition: The ability of people to make knowledgeable decisions about their own lives

is referred to as autonomy.

Application in Quantum Al: Ensuring people are aware of the effects of quantum Al

systems on them and are able to opt in or out of using them.

Example (Positive): Patients ought to be made aware of the ways in which quantum Al

is used in their care with the basic explanation and have the option to refuse.

Example (Negative): The system is used without the patient's knowledge or consent, but

the complexity of quantum Al is used to clear responsibility in medical disputes.
1.2 Beneficence

Definition: Assuring the welfare of people and communities while actively advancing

good is the definition of beneficence.

Application in Quantum Al: A Quantum Al system that is able to enhance human

capabilities and also contribute to society positively.

Example (Positive): In environmental monitoring, compared to classical Al, Quantum Al

can help address climate change with a higher level of predictions by parallelism.

Example (Negative): Utilizing the ability of quantum Al to predict disasters in advance
and seek opportunities to make huge profits in natural disasters, resulting in a second

disaster from human error.

1.3 Non-Maleficence
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Definition: The meaning of non-maleficence is to avoid the grown basic for the root of

causation of harm.

Application in Quantum Al: During the application of quantum Al systems, ensuring that
skewed results or data breaches caused by Quantum Al systems do not cause harm to

persons or groups.

Example (Positive): Job losses or economic instability in vulnerable communities may be
caused by the deployment of the specific quantum AlI; these issues should try to be
exterminated during the process of development, but if they still exist, the specific
guidelines and regulations to use or redevelop are mandatory. The root of evil should be

contained and always be put in the first place.

Example (Negative): In the three stages of development, deployment, and usage, if the
principle of non-maleficence is always avoided, quantum AI will gain a wild growth
environment. In this situation, the best outcome is that it will completely become an
accomplice in manipulating the market, fueling dictatorship and drug abuse, and the worst

outcome will directly challenge the bottom line of human civilization, including genocide.

1.4 Justice

Definition: Justice emphasizes the equal distribution of advantages and responsibilities.

Application in Quantum Al In all the applications of Quantum Al, equal access to the

benefits of Al and fair treatment should be guaranteed.

Example (Positive): Quantum Al is able to provide personalized learning without
discriminating against students from different backgrounds. Its unique capability can also
support high school graduates who need clarification about their future and prospects in
choosing universities and majors and assist first-year college students in providing course
selection suggestions. High school graduates who are extremely confused about their
future and prospects choose schools and majors, and they assist first-year college students

by providing course selection suggestions. In China, many high school graduates
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unthinkingly follow teachers and parents who lack self-awareness or have ulterior motives
when choosing universities and majors, leading many of them to embark on difficult paths

in their lives.

Example (Negative): Suppose the application of biased and discriminatory quantum Al
has been plugged into the education system. In that case, it will deepen discrimination
among teachers and increase the probability of subjective assumptions and biases against
specific student groups. Quantum Al may even become a standard for promoting their
confidence in making discrimination. As for high school graduates who are confused
about choosing their major and university or trying to discover other ways of life, this
biased quantum Al may even guide them to pursue directions that align with prejudice,

reinforcing the cycle of prejudice.

1.5 Accountability

Definition: Being responsible for one’s actions and decisions is the meaning of

accountability.

Application in Quantum Al: During its development, deployment, and use, the distinct

lines of accountability for the decisions and acts made by Al systems shall be defined.

Example (Positive): Quantum Al should be exterminated with harmful biases and pass
through the specific tests during development and deployment by operating transparently

with support from accountable developers.

Example (Negative): If developers have no authority to maintain transparency or actively
do not maintain transparency, are required or voluntarily only serve the team behind them,
and when the responsible target of developers changes from the public to malicious
individuals or organizations, they and the quantum Al they create will become downright
evil running dogs, and even be required or actively directed to create biased quantum Al
from the beginning of the design. When quantum Al causes problems, accountability

becomes a rootless tree. Therefore, the governance framework must ensure that the root
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causes of the above active or passive issues do not occur; otherwise, accountability cannot

be pursued.

2. Quantum AI systems, like their classical counterparts, must be deployed in a fair and
transparent manner. This means that the decision-making processes of quantum Al algorithms
should be understandable and explainable. Enables users to have their trust in and verify the
decisions made by quantum Al systems, which is the meaning of transparency.

3. Quantum Al governance frameworks should establish mechanisms for accountability and
oversight. This method ensures that the people who are responsible for developing and
deploying quantum Al systems take responsibility and are answerable for their actions, as well
as unethical practices. That is how accountability mechanisms serve.

4. Balancing tech advances with a commitment to society, that is, the ethical standards guide
humanity on a responsible path forward, which has been updating throughout human history,
from the wild nature evolution to civilization. Even though quantum Al could change the game
with its promises of unprecedented capabilities, humanity can not let the expense of ethical
considerations off the table, and the responsibility to use this technology is crucial to maintain

public trust and ensure its long-term positive impact.

4.8.9 Educational and Public Awareness

Quantum Al governance should involve educational initiatives and public awareness campaigns
to inform stakeholders about the capabilities and ethical considerations of quantum Al (Gao,
Rieffel, & Wang, 2020, p. 2). An informed public can contribute to responsible quantum Al use
and governance (O'Brien et al., 2017, p. 6).

e Within the unique challenges brought by the emergence of quantum Al, the current
Al governance frameworks require a profound reevaluation before facing these
tricky things. In consideration of the threat from quantum Al, its computational
power, data security implications, transparency, and ethical considerations should
be tailored through new regulations and guidelines, and it is essential to ensure

responsible development and deployment.
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4.9 Public Perception and Trust in Quantum Al

How the public sees quantum Al and its governance plays a critical role in shaping the whole

society's acceptance and how well the development of this transformative technology is developed

responsibly. Understanding and addressing public concerns while building trust and transparency

are essential for its successful adoption. Here are key considerations:

4.9.1

1.

4.9.2

Perception Challenge

Many members of the public may not be familiar with quantum computing and its
implications for Al. A lack of awareness can lead to misunderstandings and mistrust.
Ethical considerations, such as bias and discrimination, are paramount in Al governance.
Public perception can turn negative if quantum Al is perceived as exacerbating ethical
issues.

Concerns about data privacy and security in a quantum-powered environment may lead to
apprehension among the public.

Lack of transparency in the development and deployment of quantum Al systems can breed
distrust.

Concerns regarding access to quantum Al benefits and potential discrimination can affect
public perception.

If quantum Al governance is seen as lacking oversight and accountability, public trust can
erode.

Communicating the risks and benefits of quantum Al understandably can be challenging.
If quantum AI development is perceived as driven solely by corporations or governments,

trust may diminish.

Trust-Building Strategies

Implement public education initiatives to raise awareness about quantum Al, its potential
benefits, and associated risks. These initiatives can include workshops, seminars, and
educational campaigns to inform the public.

Develop clear ethical guidelines and principles for quantum Al, emphasizing fairness,
accountability, and transparency. Involve ethicists, researchers, and diverse stakeholders

in shaping these guidelines.
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Promote the development and adoption of quantum-safe encryption methods and quantum
key distribution (QKD) for secure data handling. Communicate the enhanced security
provided by quantum technologies.

Advocate for openness and transparency in quantum Al research and applications.
Encourage companies and research institutions to share non-sensitive information and
collaborate on best practices.

Ensure inclusivity in quantum Al development by engaging diverse voices and
communities. Implement measures to prevent discriminatory Al algorithms and practices.
Establish comprehensive governance frameworks that include regulatory bodies,
independent audits, and mechanisms for accountability. Public participation and feedback
mechanisms should be integrated.

Develop clear and accessible risk communication strategies that provide the public with
accurate information about quantum Al and its governance. Use plain language and real-
world examples.

Encourage collaboration among governments, industries, academia, and civil society in
shaping the governance and development of quantum Al. Multistakeholder dialogues can

foster trust and shared responsibility.

4.10 Integration with Existing AI Governance

Quantum Al governance represents a crucial extension of existing Al governance frameworks

while introducing unique challenges and considerations. We can draw parallels and distinctions to

underst

and the integration of quantum Al governance with existing Al governance frameworks.

Table 4.1 Parallels and Distinctions between Quantum AI and existing AI governance

frameworks

Serial

e Distinctions
Parallels

Both quantum AI and classical Al | Quantum Al introduces new ethical
governance emphasize ethical | dimensions due to its potential to enhance

principles, including fairness, | computational capabilities exponentially.
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transparency,  accountability,  and

privacy protection.

Ethical considerations in quantum Al must

address quantum-specific challenges.

Regulatory oversight is essential in both

classical Al and quantum Al

governance. Governments and
international bodies play a role in

setting regulations and standards.

Quantum Al may require more specialized
regulatory bodies with expertise in quantum
technologies. These bodies need to
understand the unique properties of quantum

computing and its implications.

Data privacy is a core concern in both

classical Al and quantum Al

governance. Protecting sensitive data is

essential to maintain public trust.

Quantum Al's computational power can

potentially break existing encryption
methods, posing significant data privacy
challenges. Quantum-safe encryption and
quantum-resistant cryptographic standards

become crucial.

Ensuring fairness in Al algorithms is a
shared goal. Classical Al governance

addresses biases and discrimination.

Quantum Al may introduce novel sources of
bias due to its ability to process vast amounts
of data. Governance frameworks must adapt
to identify and mitigate quantum-related

biases.

Both classical Al and quantum Al
governance emphasize transparency and

explainability in Al systems.

Quantum Al's decision-making processes
can be less transparent due to the complex
nature of quantum algorithms. Governance
frameworks need to establish methods for
and

auditing explaining quantum Al

decisions.
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° Ensuring accountability for Al systems | Quantum Al introduces the challenge of
is a common objective. Accountability | attributing decisions to quantum algorithms.
mechanisms are integral to both | Governance frameworks must consider how
classical Al and quantum Al |to establish accountability in quantum-
governance. enhanced Al systems.

7.

Both classical Al and quantum Al | Quantum Al's global impact may necessitate
governance benefit from international | greater collaboration among nations to
cooperation and standards. establish unified standards and agreements

on quantum technology use.

4.11 Quantum Al in National Security

4.11.1 Introduction

In this section, we will tackle the blend of quantum Al with safeguarding the nation's sovereignty
with an in-depth exploration of the intersection between Quantum Al and national security —
spotlighting its cryptanalysis and secure communication prowess. Regarding handling governance
challenges, it packs quite the punch with potential risks but also contains golden chances tied
closely with protecting the country and prompting everyone on board for a comprehensive
discussion focused on the implications and critical considerations for addressing these challenges

together.

Moreover, the foundation for subsequent case studies, which indicates that the narrative will
transition into specific case studies that delve into the intricacies of the issues, has been set in this
section. These case studies are anticipated to provide real-world examples and detailed
examinations of the challenges and opportunities posed by quantum Al in the realm of national
security. By employing the process of case studies, this section aims to offer practical insights,
concrete examples, and actionable recommendations based on the analysis of specific scenarios.

The stories told through these cases further clearly illustrate the complexities and critical
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importance of quantum security governance. As challenges shift shape, having a plan ready
requires reinforcing the need for forward-looking strategies and international collaboration in the

face of evolving threats.
4.11.2 Background

Quantum Al should be treated as the newest member of the national security team—a powerhouse
driving us into uncharted territories with its cutting-edge capabilities. And up until recently, the
landscape has been shaped by conventional technologies, but the integration of quantum principles
into Al introduces unprecedented challenges and opportunities. Quantum Al's potential
applications in cryptanalysis and secure communication have become focal points of exploration,
signaling a paradigm shift in how nations approach the protection of sensitive information — there
is no denying that this technology could really flip things around when it comes to shielding vital
intel and vice versa. This case study zeroed in on two crucial points when discussing national
security concerns —cryptanalysis and secure communication. It is a war without gunpowder smoke
- utilization of quantum algorithms has demonstrated the capability to dismantle classical
encryption methods, posing a substantial threat to the confidentiality and integrity of classified
information, and suddenly, the most guarded secrets were not so safe anymore; it was almost like
a dimensionality reduction strike—that is what quantum algorithms do to classic encryption, just
like transitioning from the era of cold weapons cavalry to the era of tanks. By concentrating on
these specific domains, we aim to dissect the nuanced impact of Quantum Al on established

security protocols.
4.11.3 Purpose of the Case Study

The primary aim of this case study is to incorporate quantum Al into the fabric of national security
and embark on a thorough exploration of the multifaceted implications, a detailed journey through
the benefits and hurdles of such an integration. Jumping from the threat of classical computing to
the quantum-level threat kind is not just a tiny step since it introduces complexities that necessitate
a comprehensive understanding; everybody is raw and needs to learn fast from the beginning
because it is leaping into another dimension and by delving into the implications, we seek to

unravel the challenges and opportunities that arise as nations navigate this uncharted territory.
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Concurrently, this case study delves into the governance challenges entwined with Quantum Al in

the context of national security, where facing both a big threat and a golden chance means we need

to tread carefully and craft policies with precision and care. To really nail national security, devise

effective strategies, and spark global teamwork, understanding the governance challenges is

crucial, and only in this way can the plans that not only fortify national security but also foster

international cooperation in addressing shared concerns be crafted.

4.11.3 Objectives

Analyze Quantum Threats to Classical Encryption: The first objective is to conduct a
meticulous analysis of the threats from quantum Al to classical encryption methods. This
involves scrutinizing the vulnerabilities of the established cryptographic techniques in order
to face the threat of evolving quantum capabilities. We can lay a hard foundation in order to
face the threat of evolving quantum capabilities directly by identifying and understanding
these threats.

Propose Strategies for Quantum-Safe Communication: With an eye on the analysis of
threats from quantum technology, the second objective is - to propose strategies for
establishing quantum-safe communication channels. This entails exploring innovative
solutions, such as Quantum Key Distribution (QKD), that leverage the principles of quantum
mechanics to create secure communication. The goal is to chart a path towards communication
infrastructure that remains resilient in the quantum era.

Emphasize the Need for International Collaboration: Finally, the last objective we present
underscores the imperative of international collaboration. The game-changing power of
Quantum Al does not stop at any country's doorstep, and so working together is the way to go
where the unified approach is essential. We aim to emphasize the need for nations to unite and
establish common standards, agreements, and norms related to the use of quantum
technologies in security. This collaborative effort extends to developing and sharing quantum-

resistant encryption standards, fostering a global defense against quantum threats.

4.11.4 Problem Statement

A. Governance Challenge

Quantum Threats as a Dual-Edged Sword: The governance challenge presented by

Quantum Al is akin to wielding a dual-edged sword. On one edge lies the unprecedented threat
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posed by quantum algorithms to classical encryption methods, casting a shadow over the long-
standing security protocols that have been the bedrock of national defense. Advancements in
quantum computing are reshaping our world since the very principles that empower quantum
technologies to revolutionize computation also open avenues for potential exploitation, but
tread carefully—these breakthroughs could be twisted if not guarded by thoughtful oversight
right from the start, demanding a meticulous and anticipatory governance approach. At the
same time, on the opposite edge, Quantum Al is offering fresh prospects for innovation and
advancement in the field of national security like never before. Harnessing the power of
quantum computing can potentially lead to groundbreaking solutions for complex security
challenges. Striking the delicate balance between harnessing this quantum potential for
defensive strategies while mitigating its exploitative applications becomes a pivotal
governance challenge. (European Commission, 2016).

Balancing National Security and International Cooperation: The governance challenge
extends beyond the national borders, requiring a delicate equilibrium between fortifying
individual nations' security and fostering collaborative efforts on a global scale, and it means
we have to protect our turf while not forgetting that teamwork on an international level plays
a huge role, too. While safeguarding classified information and critical infrastructure is
paramount for each nation, there is no denying that today's interconnectedness of the digital
world requires pulling together collaboratively with a cooperative approach. Striking a balance
between national security imperatives and the necessity for international cooperation becomes
a nuanced governance challenge, and the challenge lies not only in establishing frameworks
for sharing threat intelligence but also in collaboratively developing and adhering to standards

that ensure the responsible use of quantum technologies in the realm of security.

B. Implications

National Security
e As quantum computing keeps evolving, one of the primary implications of quantum
Al in national security is the need for governments to develop and implement
quantum-resistant encryption methods and strategies. Classical encryption methods
that have been the backbone of secure communication for years could become
vulnerable to quantum attacks as quantum computing grows more powerful every

second towards the foreseeable future; it could potentially decrypt classified
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information that was previously considered secure. In an age where quantum
breakthroughs are around every corner, investing heavily in cutting-edge research
is not optional—it is essential for protecting national interests; its threat level is
even more dangerous than the nuclear threat, which is still at the apex level of threat
at the moment, a quantum war on the national level can easily crack a country's
independence.
Quantum-Resistant Encryption Methods: It is huge for national defense—
it really flips the script on the bulwark of secure communication with its profound
implications. With the dawn of quantum algorithms comes a real worry for the old-
school classical encryption techniques—they are under potential threat like never
before. Keeping the nation's interests secure calls for a quick move towards crafting
and rolling out encryption that even quantum computers cannot crack with. The
challenge is clear - this involves not just upgrading existing protocols but innovating
entirely new cryptographic standards capable of withstanding the computational
prowess of quantum computers.
Importance of R&D Investments: Betting on creating unbreakable quantum-
resistant encryption in the age of quantum computing requires not just intelligent
minds or great effort of researchers but also serious cash invested in figuring things
out. Governments must allocate resources to support interdisciplinary research
initiatives and foster collaboration in teams made up of quantum scientists,
cryptographers, computer scientists, code breakers, and even tech wizards. The
trajectory of national security in the quantum era hinges on the commitment to
cutting-edge research, ensuring the timely development of solutions that outpace

potential quantum threats.

e International Collaboration

Common Standards and Agreements: The way Quantum Al shakes up national
security demands that all of humanity join forces on an international level, which
requires every country to work hand-in-hand, establish common standards and
agreements, and define the responsible use of quantum technologies in security so
everyone can benefit from secure and ethical uses of groundbreaking quantum

technologies. This involves diplomatic negotiations on the table, figuring out how to
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dodge dangers from quantum tech for the great benefit of ensuring alignment on
ethical principles and protocols for information exchange and forming an
internationally recognized framework for mitigating the risks posed by quantum
threats for the good of humanity.

e Sharing Quantum-Resistant Protocols: Beyond diplomatic agreements, sharing
quantum-resistant protocols is required for international collaboration to be effective.
Nations all over the world must transcend traditional boundaries in order to foster an
environment that contributes to the development and dissemination of secure
quantum communication methods by the collective intelligence of the global
community. This level of collaboration extends to joint efforts in research,
development, and the establishment of a shared defense against the quantum threat

landscape.

4.11.5 Application: Cryptanalysis and Secure Communication
A. Quantum Threats

o Potential Compromise of Classical Encryption: The classical encryption methods that have
formed the backbone of secure communication for decades are under profound challenge
because of the advent of quantum Al They entirely rely on mathematical complexity and face
the threat of being deciphered exponentially faster in the quantum era. Quantum computing
algorithms, such as Shor's algorithm, have already showcased their potential for cracking open
widely used encryption protocol methods such as RSA and ECC. This represents a paradigm
shift in the threat landscape - previously secure data was once considered impervious to
decryption and could now be vulnerable and fall into the wrong hands. As humanity confronts
the looming shadow of quantum dangers ahead of us quickly, a strategic and rapid response is
required for the whole of humanity; it demands an immediate collaborative response involving
innovative technologies from different countries in partnership—a united front striving for
security in uncertain times.

e Need for Quantum-Resistant Strategies: Traditional cryptographic methods may be
rendered obsolete in the face of quantum computing capabilities, which really shows why we
have to come up with and use strategies that even quantum computers cannot crack. Hence, a
proactive approach involves the creation of cryptographic algorithms that are inherently

resilient to quantum attacks. Quantum-resistant strategies are often referred to as post-quantum
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cryptography, and their aim is to fortify the security of communication channels in anticipation
of quantum advancements. This requires integrating quantum-safe cryptographic algorithms
into existing communication infrastructure after a reevaluation of encryption standards and
protocols.

e B. Quantum Key Distribution (QKD)

e Leveraging Quantum Principles for Secure Communication: Quantum Key Distribution
(QKD) emerges as a beacon of hope in the quantum-threatened landscape of secure
communication. An intrinsically secure communication channel has been built based on the
phenomenon of entanglement, which is the principle of quantum mechanics that QKD
leverages. Unlike classical key exchange methods vulnerable to eavesdropping, QKD ensures
the security of key distribution by detecting any attempt at interception, thereby providing a
fundamentally secure foundation for encrypted communication. The entangled quantum
particles used in QKD create a unique cryptographic key that is resistant to conventional
cryptographic attacks and quantum computational methods. (Bennett et al.,1984, p.4).

e Implementing QKD for Sensitive Information: The implementation of QKD is essential for
securing sensitive information that demands the highest level of confidentiality. Sectors such
as defense, intelligence, and critical infrastructure can benefit from the deployment of QKD to
safeguard their most classified communications. As quantum Al poses new threats to
traditional cryptographic systems of keeping data safe, QKD offers a strategy for ensuring that
the most private information stays out of the wrong hands with its strategic solution to maintain
the integrity and confidentiality of sensitive data. To stay ahead in the battle against quantum
dangers, governments and organizations must invest in the integration of QKD into their
communication infrastructure, recognizing it as a potent tool to counteract the quantum threats
that traditional encryption methods may struggle to withstand. In conclusion, the exploration
and adoption of QKD represent a pioneering step towards creating a secure communication
framework resilient to the challenges posed by quantum Al This innovative approach not only
addresses the immediate threats but also positions nations and organizations at the forefront of

quantum-safe technologies, ensuring the long-term security of their communication channels.

4.11.6 Key Considerations
A. Quantum-Safe Encryption
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Research and Development Initiatives: The best way to stay ahead on the global conference
table and keep national sovereignty as the world enters the quantum era is to prepare robust and
continuous research and development initiatives. Robust and continuous research and
development initiatives are the crux of preparing for the quantum era; pooling efforts in a mix of
interdisciplinary collaborations with quantum physics, cryptography, and computer science is
essential only with significant investment support from both public authorities and private entities.
To stay ahead in the race to develop encryption methods that can withstand quantum attacks, not
only to anticipate the evolving capabilities of quantum computing as the aim. Research initiatives
should delve into novel cryptographic algorithms, exploring mathematical structures and
principles that provide quantum resistance. This proactive approach ensures that nations are
equipped with the intellectual arsenal required to navigate the complex landscape of quantum
threats.

Post-Quantum Cryptographic Standards: In tandem with research efforts, the establishment
of post-quantum cryptographic standards is paramount. A linchpin in quantum-safe encryption
becomes the development of standardized algorithms and protocols that are resilient to quantum
attacks, and it requires all hands on deck when it comes to setting these rules - cryptographic
experts, standards organizations, and governmental bodies for a common goal, and this
collaboration is essential to formulate and adopt these standards. Beyond the creation of strong
quantum-resistant algorithms, there is a whole adventure to ensure the integration of these
standards into communication protocols, hardware, and software systems. In order to have a
foundation for a unified and secure approach to encryption in the quantum age, a clear framework

for post-quantum cryptographic standards should be established first.

B. International Security Agreements

o Bilateral and Multilateral Protocols: It's undeniable that the nature of the threat of quantum
technologies is global, and it demands a collective push towards both bilateral and multilateral
protocols across nations; and in order to keep everyone safe, countries must engage in
discussions and negotiations and should work out agreements that define the responsible use
of quantum technologies in the context of national security. Bilateral agreements provide a
framework for collaboration between two nations, fostering trust and cooperation in the face

of quantum challenges. Simultaneously, multilateral agreements involve a broader coalition,
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acknowledging the interconnectedness of global security. These protocols not only encompass
the ethical use of quantum technologies but also set the stage for the exchange of threat
intelligence and collaborative efforts in research and development.

Ensuring Secure Exchange of Sensitive Information: At the heart of international security
agreements, ensuring secure sensitive information exchanges is a big deal. When dealing with
quantum threats, countries must promise to uphold the confidentiality and integrity of shared
intelligence and respect each other's intelligence sharing. This involves the establishment of
secure communication channels that incorporate quantum-safe encryption methods.
Additionally, the agreements should also outline mechanisms for mutual assistance in the
event of a quantum security incident, promoting a collective defense against shared threats.
When countries share secret intel carefully and trust each other while the secure exchange of
sensitive information becomes a cornerstone for effective international collaboration, this
virtuous cycle is able to strengthen their ties and reinforce the notion that the strength of the
global security network is only as robust as its weakest link, to make sure the entire planet's

security does not falter.

Quantum Security Research

Collaborative Initiatives: Research on quantum security is not a solo mission; its complexity
requires pooling intellectual resources, expertise, and research infrastructure, which
necessitates initiatives and collaboration transcending geographical and disciplinary
boundaries and only by joining forces under collaborative initiatives, academic institutions,
government research agencies, and private sector entities may open doors to discoveries with
new research globe-collaboration projects together, such as exploring the intricacies of
quantum vulnerabilities, developing countermeasures, and advancing the understanding of
quantum-safe technologies. By fostering an environment of shared knowledge and expertise,
collaborative initiatives accelerate progress in quantum security research, ensuring a collective
response to the evolving quantum threat landscape. (Bernstein & Schwabe 2017, p. 3)
Informing Policy Decisions and Strategies: A pivotal role in informing policy decisions and
shaping strategic frameworks; that is what the insights gained in diving into quantum security
research. Policymakers must be equipped with up-to-date and accurate information about the

quantum threat landscape to formulate effective governance policies. Research findings
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contribute to the development of strategies that mitigate risks and capitalize on opportunities
presented by quantum Al. The integration of research outcomes into policy decisions ensures
that governance frameworks are adaptive, evidence-based, and well-positioned to address
emerging challenges, and this iterative process of research informing policy facilitates a
dynamic approach to quantum security governance, aligning strategies with the evolving

nature of quantum threats.

D. Security Education and Awareness

Training Personnel in Quantum-Safe Technologies: As quantum threats become prominent,
the education and training of national security personnel are paramount. Training programs
need to be designed with the related knowledge and skills to equip security professionals to
tackle and navigate the tricky world of quantum computing, and this involves specialized
training in quantum-safe technologies, in which their training will focus on the understanding
of quantum-resistant encryption methods, secure key exchange protocols, and the
implementation of quantum-resistant communication strategies. The goal is to create a
workforce that is not only aware of the quantum threat but is also proficient in employing
quantum-safe security measures to safeguard sensitive information.

Maintaining a High Level of Security Awareness: Beyond specialized training, across every
agency level within the nation’s defense organizations, maintaining a high level of security
awareness is essential. Quantum threats often exploit human vulnerabilities through social
engineering and other unconventional means, and they may use our own mistakes against us
in surprisingly creative ways. To stay safe, we have to keep up with training, with regular
briefings, workshops, and awareness campaigns to sensitize personnel to the risks and best
practices associated with quantum security. A well-informed and vigilant workforce is a

critical line of defense against potential quantum-related security breaches.

4.11.7 Impact Assessment

A. Quantitative Metrics

Quantitatively assessing the impact of Quantum Al on national security involves the measurement

of specific metrics that provide tangible insights into the efficacy of governance strategies and the
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resilience of security measures. While some aspects of quantum impact may be challenging to

quantify precisely, certain metrics can provide a quantitative lens:

1. Encryption Strength Metrics:
o Evaluation of the effectiveness of quantum-resistant encryption methods through
metrics such as algorithmic complexity and computational overhead.
e Measurement of the time required for quantum algorithms to compromise classical
encryption compared to quantum-safe alternatives.
2. Incident Response Metrics:
e Quantification of the speed and accuracy of incident response mechanisms in the
event of a quantum-related security incident.
e Analysis of the time taken to implement countermeasures and adapt governance
frameworks based on emerging quantum threats.
3. International Collaboration Metrics:
e Assessment of the number and impact of bilateral and multilateral agreements in
place for quantum-safe communication and information exchange.
e Quantification of collaborative research initiatives and their contribution to the
development of global quantum security standards.

B. Qualitative Assessment

Qualitative assessment delves into the nuanced aspects of the impact of Quantum Al on national

security, offering insights into the broader implications beyond numerical metrics:

1. Security Posture:
e Evaluation of the overall security posture in the quantum era, considering the
adaptability and effectiveness of governance frameworks in mitigating quantum threats.
e Qualitative analysis of the quantum-safe technologies implemented and their
integration into existing security infrastructure.
2. Innovation and Adaptability:
e Qualitative assessment of the level of innovation within national security agencies,

specifically in response to emerging quantum threats.
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Examination of the adaptability of governance frameworks to accommodate novel

quantum technologies and evolving security paradigms.

3. Strategic Alignment:

Assessment of the alignment between national security strategies and the challenges
posed by Quantum Al considering how well policies address quantum-related
vulnerabilities and opportunities.

Qualitative analysis of the strategic foresight demonstrated in governance decisions to

ensure national security resilience in the long term.

C. Stakeholder Feedback

Stakeholder feedback is integral to understanding the real-world impact of Quantum Al on national

security, capturing the perspectives of those directly involved in governance, research, and

implementation:

1. Government and Agency Feedback:

Gathering feedback from government officials and security agency representatives
on the effectiveness of quantum security governance in meeting national security
objectives.

Insights into how quantum-related policies impact day-to-day operations and

decision-making processes.

2. Research Community Perspectives:

Soliciting feedback from quantum researchers on the relevance and applicability of
research initiatives in addressing national security challenges.
Understanding the contribution of collaborative research efforts to the development

of quantum-resistant technologies.

3. Public and Private Sector Insights:

Incorporating feedback from private sector entities and the public on their perceptions
of the security landscape in the quantum age.
Assessing the collaboration between public and private sectors in implementing

quantum-safe technologies and protocols.

Philosophical Analysis and Commentary
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The effect evaluation of Quantum Al on national security employs quantitative measurements,
qualitative analysis, and stakeholder feedback, which provide a comprehensive strategy to
comprehend and resolve this advanced technology and introduce required complications. Some

important insights and philosophical things to think about are as follows:
1. Quantitative vs. Qualitative Metrics:

Philosophical Balance: Quantitative measurements provide quantifiable, objective data
that is useful for strategic planning and policy-making. But depending just on these
measurements might leave out the subtle and situational components of security issues.
Quantitative evaluations lack the depth and context that qualitative assessments offer,
failing to capture the nuances of organizational and human behavior. Philosophically
speaking, this equilibrium represents the disagreement over epistemology between
positivism, which values quantitative evidence, and interpretivism, which values

qualitative insights.
2. Ethical Implications of Quantum Security:

Moral Responsibility: Substantial ethical obligations are associated with the creation and
application of quantum Al systems. More than simply technological fixes are needed to
ensure the security and privacy of people and countries; moral values like justice, fairness,
and the defense of human rights must also be upheld. The underlying philosophy here is
derived from deontological ethics, sometimes called duty-based ethics, which emphasizes

the significance of abiding by moral standards and values regardless of the results.
3. Innovation vs. Risk:

Risk Management: The new risks and uncertainties will also gain the ground to root
simultaneously as quantum AI drives significant advancements in national security.
Emphasizing the necessity of giving possible adverse effects careful consideration, the
ethical concept of non-maleficence, or avoiding damage, is especially pertinent; this

represents utilitarianism as a philosophical approach in which decisions are made based on
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where actions are evaluated based on their potential to how likely they are to maximize

overall well-being and minimize harms.

4. Stakeholder Involvement and Democratic Governance:

Inclusive Decision-Making: Incorporating feedback from a wide range of stakeholders,
including government, research communities, and the private sector, aligns with the
democratic values of transparency, accountability, and inclusivity; this method guarantees
the inclusion of many viewpoints, fostering ethical and equitable governance of quantum
computing technology which also aligns philosophically with deliberative democracy's
tenets, which emphasize inclusive and well-informed dialogue during the decision-making

process.

5. Strategic Foresight and Ethical Alignment:

Long-term Vision: The capacity to anticipate and adjust is necessary for national security
policy to align strategically with the rapidly changing field of quantum computing. Ethical
foresight predicts moral conundrums in the future and proactively creates policies to
resolve them; this is consistent with virtue ethics, which stresses the development of

qualities like caution, foresight, and responsibility among technologists and politicians.

In conclusion, listing mere enumeration of metrics and stakeholder feedback is not enough for the
impact assessment of Quantum Al on national security; it must go far beyond this level by meeting
the standard of emphasizing ethical responsibility, balancing quantitative and qualitative insights,
and promoting inclusive and democratic governance: a comprehensive philosophical framework
has been required. By integrating these philosophical issues, more morally acceptable and resilient
ways to leverage the promise of quantum Al while preserving national security and social welfare

may be developed.

4.11.8 Future Implications
A. Sustainability of the Solution
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1. Long-Term Viability of Quantum-Resistant Encryption:

Assessment of the sustainability of the implemented quantum-resistant encryption
methods over time.
Consideration of advancements in quantum technologies and the continuous

evolution of encryption standards to maintain resilience against emerging threats.

2. Resource Requirements and Environmental Impact:

Evaluation of the sustainability of resource-intensive quantum security measures,
considering the environmental impact of large-scale quantum computing and
associated infrastructure.

Exploration of sustainable practices in quantum research and development to

minimize ecological footprints.

B. Scalability and Adaptability

1. Scaling Quantum-Safe Technologies:

Analysis of the scalability of quantum-safe technologies in handling increasing data
volumes and communication traffic.
Assessment of how well quantum security measures can scale to meet the growing

demands of national security infrastructures.

2. Adaptability to Technological Advancements:

Examination of the adaptability of governance frameworks to incorporate future
technological advancements beyond quantum threats.
Consideration of how well policies can accommodate unforeseen technological

breakthroughs that may impact the national security landscape.

C. Future Enhancements or Iterations

1. Technological Iterations and Upgrades:

Exploration of potential upgrades or iterations to quantum-safe technologies as
quantum computing capabilities evolve.

Consideration of how future advancements in quantum-resistant encryption methods
and communication protocols can be seamlessly integrated into existing security

infrastructure.

2. Policy and Governance Iterations:
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e Analysis of the flexibility of governance frameworks to accommodate iterative
changes in response to emerging quantum threats.

o Consideration of the iterative refinement of policies based on ongoing assessments
of the quantum threat landscape and feedback from stakeholders.

3. Collaborative Research and Development:

o Emphasis on fostering ongoing collaborative research initiatives to stay ahead of
quantum threats.

e Exploration of how international collaboration can drive continuous innovation, with
a focus on shared research agendas, standards development, and the creation of a

global defense against evolving security challenges.

4.11.9 Conclusion
A. Summary of Key Findings

1. The Dual Impact of Quantum AI on National Security: The intersection of Quantum
Al and national security reveals a dual impact characterized by both challenges and
opportunities. On one hand, the potential compromise of classical encryption methods
poses a substantial threat to the confidentiality and integrity of sensitive information. On
the other hand, Quantum Al presents unique opportunities for innovation and advancement
in security strategies. This dual nature necessitates a nuanced and forward-looking
approach to governance.

2. Importance of Proactive Governance and International Collaboration: The key
findings underscore the critical importance of proactive governance and international
collaboration in the face of Quantum Al challenges. National security governance must not
only respond reactively to emerging threats but proactively anticipate and adapt to the
evolving quantum landscape. The interconnected nature of quantum threats necessitates
collaboration on a global scale, emphasizing the need for shared standards, protocols, and
cooperative research initiatives.

B. Recommendations

1. Continuous Adaptation of Governance Frameworks:
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e Establish a systematic approach to incorporate the latest quantum-safe technologies
into existing governance frameworks. This includes regular assessments of the
quantum threat landscape to identify emerging technologies and potential
vulnerabilities. Collaboration with quantum experts and industry partners can
facilitate the timely integration of robust security measures.

e Regularly reassess and update cryptographic standards to ensure they remain resilient
against evolving quantum threats. Engage with the cryptographic research
community to stay informed about advancements in post-quantum cryptography.
Establish protocols for the swift implementation of new standards, considering the
potential impact on existing systems.

e Develop agile communication protocols that can adapt to the changing requirements
posed by Quantum AIl. This involves anticipating potential quantum-enabled
communication threats and proactively implementing protocols that mitigate these
risks. Collaboration with communication technology specialists and continuous
scenario-based training can enhance the adaptability of these protocols.

e Institute comprehensive education and training programs for governance personnel
focused on quantum technologies. This includes workshops, seminars, and courses
covering the fundamentals of quantum computing, quantum-safe cryptography, and
the implications of Quantum Al on national security. Encourage ongoing learning
and collaboration with research institutions to stay abreast of the latest developments.

2. Prioritizing Quantum Security Education and Workforce Training:

e Define specific skillsets required for a quantum-resilient workforce. This involves
expertise in quantum-resistant encryption algorithms, quantum key distribution
(QKD) technologies, and the ability to assess and address vulnerabilities arising
from quantum advancements. Tailor training programs to build these specialized
skills among national security personnel.

e Implement simulation and scenario-based training exercises that replicate potential
quantum security threats. This hands-on approach enables personnel to develop
practical skills in identifying, responding to, and mitigating quantum-related risks.
Regularly update these training modules to align with the evolving quantum

landscape.
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Foster collaboration between quantum experts, cybersecurity specialists, and
policymakers. This interdisciplinary approach ensures a holistic understanding of
quantum security challenges and facilitates the development of effective governance
strategies. Encourage regular knowledge-sharing sessions and joint projects to
enhance collaboration.

Establish mechanisms for continuous threat awareness, including regular briefings
on emerging quantum technologies and their potential security implications.
Maintain open channels of communication with the quantum research community
and industry experts to receive real-time updates on quantum advancements. This
proactive approach enables governance bodies to anticipate and address quantum-

related security challenges effectively.
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Chapter Five: Future for Al and Humanity

5.1 Introduction

At this crossroads of technological innovation and human progress, it is time for us to take stock
and reflect on the current state of affairs regarding integrating Al with human capabilities and
society more generally. When we mix Al with human potential, everything changes — from jobs

across all fields to everyday routines and even our perception of the future ahead.

Lately, Al has been slipping into our lives in ways that are both quiet and widespread, subtle and
pervasive. Whether it is asking our personal assistant phone for weather updates or with
sophisticated algorithms governing financial transactions for our savings, Al's influence is
everywhere, and it is seamlessly woven into the structure of our existence already. Machine
learning algorithms, a subset of Al, have exhibited remarkable prowess in tasks ranging from
image and speech recognition to natural language processing (Smith et al., 2020, p. 6). We may
still remember when analyzing large volumes of data or solving tough problems at work seemed
daunting, but Al has revolutionized our desks by lending its capabilities in decision-making
assistance, data analysis, and problem-solving to help us with better decision-making on our own.
When people decide to join forces with Al it is increasingly prevalent. It is like unlocking a new
level of potential by fostering a synergy that leverages the strengths of both entities. This recap
serves as a testament to the strides Al has made in becoming an indispensable tool in our modern

technological landscape (Nguyen et al., 2019, p. 4).

The profound significance of Al in shaping the future cannot be overstated. That's not science
fiction—it's real, and its significance can't be downplayed. Al stands as a catalyst for innovation,
efficiency, and progress when we navigate the complexities of a rapidly evolving technological
landscape; the magic of this stretches far—from healthcare and finance to transportation and
communication, even when we're just sending a text. Its ability to process vast amounts of data,
make data-driven predictions, and automate complex tasks positions it as a key player in
addressing some of the most pressing challenges of our time. The promise of improved healthcare
outcomes, enhanced productivity in industries, and the potential for groundbreaking scientific
discoveries underscores the transformative potential of Al in shaping a brighter future for humanity

(Russell & Norvig, 2022, p. 2).
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However, the responsibility to navigate the ethical and social standards and the economic
implications of Al comes with its transformative potential. As we delve into the intricacies of Al's
integration with human capabilities, it becomes paramount to anticipate and address challenges
such as job displacement, algorithmic bias, and the ethical considerations surrounding Al

development and deployment (Floridi et al., 2021, p. 3).

Coming right in the subsequent sections, we will explore the multifaceted landscape of the future
of Al and examine its role in business processes and its impact on various industries with the
ethical considerations that accompany its proliferation. By doing so, we aim to pave the way for
an informed and nuanced perspective on the uncharted path that lies ahead based on the
comprehensive understanding of the symbiotic relationship between humans and Al we have

gained.

5.2 The Evolving Landscape of Al

Al stands at the forefront of technological evolution, guided by the custodianship of dedicated
researchers, the delicate balance between efficiency and potential risks, scholarly insights shaping

its future trajectory, and organisations fortifying themselves for the imminent Al adoption wave.

Like a group of intrepid explorers, not through jungles or across seas but into the depths of Al, the
trajectory of Al's evolution is intricately woven by the unwavering dedication of these researchers.
These individuals are committed to unlocking the full potential of Al and guiding humanity
towards discoveries. Pioneering studies by experts such as LeCun, Bengio, and Hinton (2015) in
the field of deep learning have paved the way for more robust and sophisticated Al systems. As
custodians of Al's future, these researchers continuously push boundaries, developing new
methodologies and algorithms that contribute to the field's progress (LeCun et al., 2015, p. 4). The
promise of Al's promise to revolutionize various sectors comes with a significant responsibility —
we have to handle this power wisely and with caution. Striking an effective balance between
efficiency and avoiding potential risks matters most. As highlighted by Bostrom (2014), the notion
of controlling Al's impact requires meticulous consideration of ethical, societal, and safety aspects.
Striking this balance ensures that the benefits of Al are maximised while minimizing the risks

associated with its deployment (Bostrom, 2014, p. 7).
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Universities serve as key sites where diverse perspectives on Al’s future development converge
and interact, forming a complex and evolving vision of what lies ahead. Reading through a broad
body of academic literature reveals the many sides of Al's possible effects - offering a window
into possible futures. Works such as Miiller and Bostrom's (2016) "Future Progress in Al: A Survey
of Expert Opinion" offer a comprehensive analysis of expert opinions, shedding light on
anticipated advancements and potential pitfalls in the Al landscape (Miiller & Bostrom, 2016, p.
7). There are increasing discussions about how Al will change our work and home (including
businesses), and organisations are preparing for the change. Studies by McKinsey & Company
(2019) emphasize the need for a strategic approach to Al adoption. Organisations that proactively
invest in infrastructure, workforce development, and long-term strategy position themselves as

leaders in harnessing the potential benefits of AI (McKinsey & Company, 2019, p. 9).

A collaborative effort - involving skilled researchers and, responsible developers, and critical
academic thinkers - is shaping the trajectory of AI’s future. This section serves as a lens into the

collaborative efforts propelling Al into uncharted territories.

5.3 AI's Impact on Business Processes

Al has become a cornerstone in reshaping business processes across diverse industries. With its
power to transform and if backed by clever investments, it swiftly moves sectors towards leading
the pack in readiness for tomorrow’s markets. History is our crystal ball - it hints at what's coming

next to shake up the business world with new breakthroughs.

A. Transformative Potential in Various Industries

Al's impact will span industries and is expected to completely change traditional business
processes in our society. In healthcare, Al applications assist in diagnostics and personalized
medicine (Topol, 2019, p. 4). In finance, Al algorithms enhance fraud detection and risk
management (Bengio et al., 2018, p. 5). The manufacturing sector benefits from Al-driven
automation and predictive maintenance (Lee et al., 2019). These examples underscore the versatile
and transformative potential of Al in diverse business domains (Topol, 2019, p. 5; Bengio et al.,

2018, p. 6; Lee et al., 2019, p. 6).
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B. Strategic Investments in Al Infrastructure

Organizations are excited by what Al can do, and they aren't holding back. They're all in — making
strategic investments in infrastructure and upgrading systems to welcome new possibilities. Cloud-
based Al services offered by companies like Amazon Web Services and Microsoft Azure empower
businesses to integrate Al without massive upfront costs (AWS Al n.d.; Microsoft Azure Al, n.d.).
Additionally, companies are establishing in-house Al teams to ensure the development and

deployment of Al applications align with their specific business goals (Gartner, 2021, p. 5).

C. Competitive Advantage and Market Readiness

Al adoption not only promises efficiency gains but also confers a competitive advantage.
Companies at the forefront of Al integration experience improved decision-making and enhanced
customer experiences, leading to increased market share (Accenture, 2020, p. 11). Al readiness is
becoming synonymous with market readiness, as businesses embracing Al technologies are better

positioned to navigate dynamic market landscapes (Accenture, 2020, p. 12).

D. Historical Progress: Anticipating Future Innovations

Looking back and studying how Al has grown in terms of historical progress, as we have seen,
can tell us much about where it is headed in its future development trajectory. From rule-based
systems to the current era of machine learning and deep learning, the evolution of Al is marked by
continuous innovation (Russell & Norvig, 2022, p. 4). Anticipating future innovations involves
understanding the ongoing research and development in areas such as explainable Al, quantum
computing, and Al ethics (Floridi et al., 2021, p. 8; Silver et al., 2016, p. 9). The historical context
serves as a guide in navigating the uncharted territory of Al's future impact on business processes

(Floridi et al., 2021, p. 3; Silver et al., 2016, p. 5).
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5.4 Shifting Perspectives on Al

Al is increasingly integrated more deeply into our lives, and we urgently need to overcome fear
and accept the view that machines are seen as aids rather than threats. The intelligence of Al and
the future of intelligence are characterized by collaborative robots cooperating with humans rather

than confronting them.

5.5 Overcoming Fear: Machines as Aids, Not Threats

Addressing the perception of Al as a potential threat is crucial for unleashing and maximizing its
full potential. Breaking down barriers starts with shifting perceptions of Al—from viewing it as a
daunting technology potentially against us to recognizing its capabilities in propelling us forward
when given full rein. Machines equipped with Al are tools designed to assist and enhance human
capabilities. They should be treated as a supportive force—it is not about taking our place but
empowering us to achieve more. Overcoming fear requires a paradigm shift towards recognizing
Al to really ramp up our productivity and unlock new levels of potential. Research indicates that
the fear associated with Al diminishes when viewed as a valuable ally in solving complex problems
and improving overall efficiency (Lopez de Mantaras, 2019, p. 9).

A. The Smart and Intelligent Future of Al

The trajectory of Al points towards a future with intelligent systems woven into the fabric of our
daily activities — that is precisely where Al is taking us. With every leap forward, Al brings
something new, whether turning healthcare on its head by diagnosing diseases earlier, shrinking
distances with advanced transport tech, or developing communication, taking people together even
if they are part of a thousand miles away. The smart future of Al envisions applications that
enhance decision-making, optimize processes, and provide personalized experiences for
individuals (Garcilaso, 2018, p. 8).

B. Collaborative Robots: Working With, Not Against, Humans

Working hand-in-hand with robots isn't just possible—it's becoming the norm. Robots step into
roles not to sideline anyone but to stand shoulder-to-shoulder with the public, highlighting and
elevating an individual's abilities. Teamwork between humans and robots achieves faster results
in various fields. Through teamwork, an era driven by technology emerges—a companion

enhancing the overall well-being of individuals and societies.



210

It is essential for the masses to start seeing Al units less like threats and more like partnership,
envisioning a smart and intelligent future and embracing collaborative robots as partners in human
progress. Adjusting our attitudes toward Al invites it right into the midst of society, sparking

endless chances to lift humanity higher.

5.6 Addressing Concerns: Job Displacement, Bias, Privacy, and Security

The growth spurt of Al in the structure of our lives demands urgent conversations around
safeguarding employment positions from automation takeover strategies and balancing scales

against prejudice while keeping private lives locked away from digital intruders' grasp securely.

It is a fact we cannot ignore - as machines evolve every day, there is angst in the air about future
job prospects. It is all about hitting that sweet spot — leveraging what Al can do without sidelining
human workers to strike a balance between the efficiency gains brought by Al and preserving
human employment. Studies suggest that while certain routine and manual tasks may become
automated, new job opportunities emerge in tandem with Al advancements. Proactive measures
such as upskilling and reskilling programs can help mitigate the impact of job displacement,
ensuring a workforce that is adaptable to the evolving demands of the Al-driven economy (Minsky,

2007, p. 4).

The Al should treat everyone equally. However, when biases get coded into Al by accident, they
do not always do that, which may perpetuate and even amplify existing prejudices. When trained
on biased datasets, Al systems may perpetuate and even amplify existing prejudices. Striving for
fairness and transparency in algorithmic decision-making is imperative to avoid reinforcing
societal biases. Ongoing research focuses on developing methods to identify and mitigate biases
in Al systems, promoting ethical Al that respects diversity and ensures equitable outcomes

(Diakopoulos, 2016, p. 14).

As Al becomes more integrated into our personal lives, the need for privacy protection and robust
security measures becomes increasingly urgent. To protect our privacy in the age of Al, we need
more than just firm laws and ethical frameworks. We need stringent data governance practices that
ensure our personal information is used responsibly, encryption mechanisms that keep our data

secure, and transparent policies that give us control over how our information is used. Addressing
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security challenges ensures the responsible development and deployment of Al technologies

(Floridi et al., 2018, p. 11).

We need a multifaceted approach that covers all bases to deal with Al's sticky issues—from losing
jobs to facing bias and protecting our private lives to keeping data safe. For Al to work wonders
in our lives without causing trouble down the line, prompt initiatives focused on doing right by

people coupled with proactive measures, ethical considerations, and robust regulation are required.

5.7 Al and the Future of Humans

As we stand at the intersection of Al and humanity's future, exploring Bill Gates' vision, the unseen
revolution in daily life, and the positive impacts on medicine, autonomous vehicles, and virtual
assistants provides insights into the profound transformations Al promises.

A. Bill Gates' Vision: Al as Every Man's Friend

Tech luminary Bill Gates envisions Al not as a looming threat but as every man's friend. His
perspective underscores the collaborative potential of Al to augment human capabilities and
improve overall well-being. Imagine pairing human ingenuity with Al - he sees this combo as a
powerhouse for amplifying abilities and enriching lives across the board. Think of Al as our
sidekick; together, humanity can increase the enhanced productivity we get done, find answers to
complex head-scratchers faster than ever before, and facilitate progress across various domains.
This vision challenges fears and encourages a symbiotic relationship between humans and Al,
emphasizing collective benefits (Gates, 2018, p. 9).

B. Unseen Revolution: Al's Impact on Daily Life

Away from all the attention & spotlight, Al reshapes our daily experiences in silence. From instant
communication to personalized recommendations, Al seamlessly integrates into our routines,
reshaping how we work, connect, and entertain ourselves. While we weren't looking, Al has
already changed the game, and this unseen revolution highlights Al's adaptability, offering
solutions that enhance efficiency, convenience, and accessibility. Understanding and appreciating
the subtle yet impactful changes Al brings to our lives is integral to anticipating its future role
(Varshneya, 2020, p. 6).

C. Positive Impacts on Medicine: Personalized Healthcare and Longer Lives
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With Al stepping into healthcare, it emerges as a transformative force, enabling personalized
healthcare for every patient to get a plan meant just for them; humans could all live much longer
lives potentially. With the assistance of Al, doctors are getting better at coming up with health
strategies personalized just for individuals based on our own DNA, where we live, and how we
live. Al's contribution to tailored medical approaches and optimizing prevention and treatment
strategies is remarkable. The ability to decipher complex biological data empowers medical
professionals to make more informed decisions, fostering a future where healthcare is increasingly
individualized and conducive to longer, healthier lives (Topol, 2019, p. 8).

D. Future of Autonomous Vehicles and Virtual Assistants

Driverless cars cruising our streets and voice-activated virtual assistants running our homes are no
longer just sci-fi dreams but real milestones on AI’s journey into tomorrow. The autonomous
vehicles guided by cutting-edge Al cruising down the street could make crashes nearly obsolete
and redefine our entire concept of commuting and navigating seamlessly. Concurrently, virtual
assistants like Siri and Alexa, powered by Al have evolved to comprehend and perform diverse
tasks. These developments foreshadow an era where Al interfaces seamlessly with our daily

activities, simplifying tasks and enhancing overall convenience.

The future of humans intertwined with Al envisions collaboration, unseen revolutions in daily life,
positive impacts on medicine, and transformative advancements in autonomous vehicles and
virtual assistants. While individuals wake up to a world where their health is monitored by
intelligent machines that prevent illnesses before they happen, everyone's car drives itself while
the human body relaxes. When people require assistance, the digital assistant has evolved beyond
fetching weather updates—it has become an indispensable part of daily life. We are at a crossroads
where embracing Al's breakthroughs goes hand in hand with tackling its ethical dilemmas and
regulatory challenges head-on — it is a balancing act through uncharted waters, a balance between
embracing innovation and addressing the ethical, societal, and regulatory considerations

accompanying Al's rapid evolution.
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5.8 Al and Human Augmentation

The convergence of Al and human capabilities extends beyond collaboration; it delves into the
realm of human enhancement, where brain-machine interfaces and groundbreaking projects like

Elon Musk's Neuralink offer a glimpse into the augmentation of human intelligence and abilities.
A. Brain-Machine Interfaces: Augmenting Human Intelligence

When Al teams up with brain-computer connections, it is like opening the door to previously
unimaginable enhancements for humans. Directly linking our thoughts to devices opens up
incredible opportunities—enhancing intelligence and overcoming various medical hurdles is just
the beginning. Advances in merging Al with direct-to-brain technology are revolutionizing how
we approach treatments for challenging problems - thinking about healing paralyzed limbs or
curing blindness - not forgetting significant progress on the mental health front battling demons
like anxiety or addiction head-on. The augmentation of human cognitive functions through these
interfaces represents a frontier where technology merges seamlessly with human potential

(Lebedev & Nicolelis, 2006, p. 4).
B. Elon Musk's Neuralink: A Glimpse into Enhanced Human Abilities

About how to boost our brainpower—FElon Musk's venture, Neuralink, offers this idea using
advanced Al technology, a visionary exploration of enhanced human abilities through Al
Neuralink aims to implant tiny electrodes into the brain, enabling direct communication with
external devices. In a groundbreaking demonstration, Neuralink implanted neurons in a monkey's
brain, allowing it to play a game using only its thoughts. Musk's vision extends beyond addressing
medical conditions; it delves into the realm of empowering individuals to surpass current human
limitations, hinting at a future where humans and Al converge to unlock unprecedented capabilities

(Musk, 2019, p. 4).

In essence, the exploration of Al and human enhancement through brain-machine interfaces and
initiatives like Neuralink exemplifies a transformative juncture in our evolution. At the start of
mixing Al with what we can do as humans, there are three big things on our plate: staying true to
ethical standards, getting a grip on regulatory frameworks, and realizing its societal implications

on communities far and wide.
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5.9 Potential Pitfalls: Challenges in Al's Future

As we navigate the future, where Al plays an increasingly prominent role, certain challenges and

potential pitfalls emerge, requiring careful consideration and proactive measures to address.
A. Mass Surveillance and Erosion of Digital Privacy

More and more, as Al sneaks into our surveillance systems, whispers grow louder about losing our
private digital spaces to prying eyes. Massive technology firms, alongside government agencies,
use Al as their eyes, poring over endless streams of data. It sounds like something from sci-fi, but
it could mean real trouble for everyone's private life. In China, there is a powerful social credit
system encompassing various aspects of life, including digital activities, tracking people's actions
online and offline, and shaping behaviors with strict rules. Safeguarding digital privacy in the age
of Al necessitates robust regulations, ethical guidelines, and public awareness campaigns to ensure

the responsible use of Al technologies (Meyerson, 2019, p. 3).
B. Al in Modern Warfare: Balancing Advancements with Ethical Concerns

Mixing Al into modern warfare is like walking a tightrope, where every step forward in technology
must be weighed against the heavy questions of right and wrong. The battlefield is evolving with
tech marvels—smart robotic devices everywhere, autonomous submarines under the sea, drones
overhead tracking every move, and precision-guided missiles driven by Al —all powered by Al
to make conflicts less dependent on humans, which may redefine warfare. Yet, embracing these
changes also brings up big worries that pose ethical dilemmas—could it lead to widespread havoc,
including the potential for mass destruction, loss of control, and unforeseen consequences when it
slips out of our hands accidentally or not? Crafting international agreements and ethical
frameworks that govern the use of Al in warfare becomes paramount to prevent unintended

escalations and ensure responsible military applications of Al (Arkin, 2010, p. 5).
C. Job Losses and Economic Disparities: The Dark Side of Efficiency

While Al promises efficiency and productivity gains, an uneasy question is hanging in the air —
what does this mean for job security and fairness in wealth distribution? A robot can do an

individual's job without tiring or complaining, displacing workers in various sectors, particularly
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those reliant on routine or manual tasks. As jobs disappear in droves, people who have mastered
specific skills are sitting pretty while others struggle to catch up with a nearly unchangeable
income gap; it will cause a series of adverse reactions in society. Addressing these challenges
requires a comprehensive approach, including retraining programs, policies promoting job creation,
and a societal commitment to minimizing the negative impact of Al on employment (Chui et al.,

2016, p. 7).

Navigating the potential downsides of Al calls for teamwork like never before; it means gathering
around one table — to foster a multidisciplinary dialogue involving policymakers, ethicists,
technologists, and the general public to shape a future where Al aligns — hashing out how this tech
can enrich lives without crossing lines, to shape a future where Al aligns with ethical standards,

societal values, and the well-being of humanity.

5.10 Looking Ahead: Al, Humans, and the Uncharted Future

As we stand on the brink of an era defined by the integration of Al into every facet of our existence,

the uncharted future unfolds with profound implications for the coexistence of Al and humanity.
A. Al's Role in Coping with Rapidly Rising Population

A ballooning global populace means there are fresh hurdles at every turn — from sharing what
resources we have more effectively to keeping people healthy within healthcare and making green
choices stick for sustainability. Al has the capability of emerging as a pivotal player in addressing
these challenges by enhancing productivity and efficiency across various sectors by allocating
resources more effectively, optimizing healthcare delivery, and streamlining logistics. These are
areas where Al can significantly contribute to the demands of a rapidly rising population. The
synergy between human ingenuity and Al capabilities holds the key to devising innovative
solutions to ensure a sustainable and prosperous future for all (Kamilaris, Fonts, & Prenafeta-

Boldu, 2018, p. 4).
B. DNA Mapping and Genetic Enhancement: Shaping the Future Human

Advancements in Al pave the way for revolutionary breakthroughs in genetic research; Al

technologies can assist in analysing genetic data at unprecedented depth and speed, enabling
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researchers to identify genes associated with particular traits, including those related to resilience,
cognition, and disease susceptibility. With a mix of human knowledge and Al tech at humanity's
fingertips, this duo has all it takes to reshape tomorrow, the future of humans. With a combination
of human insight and Al tools, this collaborative approach holds the potential for advancing

personalised medicine and improving health outcomes.

However, the conversation around genetic enhancement must be approached with great caution. It
raises profound ethical and philosophical questions — particularly regarding the assumptions we
make about ability, normalcy, and human “perfection.” As scholars in Disability Studies, such as
Lennard Davis (1995) argue, disability is not solely located in the body but in the social and
environmental structures that exclude or marginalise certain bodies and minds. Most people will
experience disability during their lifetime, not necessarily due to genetics, but through ageing,
environmental interaction, or societal design. Efforts to enhance or modify human traits must not
reinforce the notion that certain bodies or minds are inherently inferior, nor should they aim to

erase human diversity under the guise of improvement.

The real challenge, then, lies not in perfecting the human body, but in cultivating a more inclusive
society — one where Al and genetic science work not to enforce conformity, but to broaden

possibilities for care, dignity, and agency.
C. Al BCI, IoT, and Quantum Computing: Towards Unprecedented Human-AlI Interactions

The convergence between Al tech that reads our mind through Brain-Computer Interfaces (BCI),
gadgets talking over the Internet of Things (IoT), and lightning-speed calculations from quantum
computing signals a leap in human-Al interactions to reach unprecedented levels of sophistication.
BCls enable direct communication between the human brain and Al systems, opening avenues for
seamless integration and enhanced cognitive capabilities. The proliferation of IoT devices, coupled
with the computational power of quantum computing, propels Al to new heights of intelligence
and problem-solving capacity. This interconnected ecosystem holds the promise of transforming
how we perceive and interact with the world, offering boundless possibilities for innovation and

discovery (Fernandez-Lozano et al., 2020, p. 7).
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Ahead lies a horizon where technology meets humanity—a blend sparking curiosity among us all
to explore further. We have to grab this opportunity not only for breakthroughs but also to establish
guiding frameworks, ensuring those advances serve mankind righteously. With each step forward
on this shared journey, humans and Al will grow more intertwined than ever before. Unfolding
before us is this meshed existence bursting at its seams - packed tightly within endless untapped

potentials we’ve barely scratched below its surface.

5.11 The Responsibility of Humans in Shaping the Future

As we move towards a future where the symbiotic relationship between humans and Al deepens,
the responsibility for shaping this constantly evolving landscape is firmly in our hands. Managing
the inherent challenges and opportunities in such complex relationships requires a collective

commitment to ethical Al development and responsible use.
A. Human-AlI Symbiosis: A Collective Evolution

Humanity's future is in the symbiotic relationship between itself and the Al developed by itself,
where both entities contribute to a collective evolution. Viewing Al as a developing partner rather
than just a tool can create an environment where human creativity, intuition, and emotional
intelligence are coordinated with Al's analytical and computational efficiency. This symbiosis has
the potential to unlock unprecedented possibilities, where the collaborative efforts of humans and
Al propel us toward a future defined by innovation, discovery, and enhanced well-being (Dignum,

2018, p. 2).
B. Challenges and Opportunities in Al Interaction

Diving into the blend of human and Al interaction unfolds tricky situations and promising avenues
worth chasing. It is all about a balancing act—Ileveraging Al's strengths while smoothing over its
rough edges keeps us ahead. Solving issues related to losing jobs, navigating ethical minefields,
and correcting biased judgments requires thought-out tactics. With Al in the picture, we are
looking at a brighter future where increased job productivity, medical care feels like its whole
healthcare system is made just for us, and fresh ideas pop up with novel innovations like never
before. Balancing these aspects requires a nuanced approach that considers both the risks and

rewards inherent in the evolving relationship with Al (Floridi et al., 2018, p. 10).
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C. Mitigating Adverse Effects: Ethical Al Development and Usage

As Al becomes more ingrained in our daily lives, the imperative to mitigate adverse effects
becomes paramount. When we develop Al ethically, we are also setting technology standards that
understand and respect human values and aim to improve how we all live together and our societal
well-being. We start by laying down clear ethical guidelines for right and wrong, throwing in total
transparency, and prioritizing fairness for everyone involved as foundational pillars of this
endeavor. By fostering a culture of responsible Al practices, humans can steer the trajectory of Al
development toward a future where the benefits are widespread and the risks are diligently

managed (Jobin, lenca, & Vayena, 2019, p. 5).

It's up to humans, the guardians of the future; we not only hold the key to shaping an Al landscape
but also have a huge responsibility to hold ethical principles to enhance the human experience. We
can craft a future where the potential of Al is harnessed for the greater good of humanity through

collective evolution, navigating challenges, and fostering responsible Al practice.

In the closing chapter of our exploration into the future of Al and its profound impact on humanity,
it is crucial to reflect on the boundless potential that Al holds for human benefit, the imperative to
anticipate and mitigate negative consequences, and the intricate yet intriguing path that lies ahead.
The journey through the chapters has underscored the transformative power of Al across various
facets of human existence. From revolutionizing business processes to enhancing healthcare, from
augmenting human intelligence to reshaping the future through genetic advancements, Al stands
as a catalyst for positive change. The acknowledgment of Al's boundless potential serves as a
testament to the opportunities it presents for elevating the quality of life, fostering innovation, and

addressing complex challenges that humanity faces (Russell, 2019, p. 6).

However, with great power comes great responsibility. The chapters have also delved into the
challenges and potential pitfalls associated with the widespread integration of Al. Job displacement,
ethical concerns, biases, and the erosion of privacy necessitate a proactive approach to anticipating
and mitigating negative consequences. A call to action emerges for researchers, policymakers, and
society at large to collaboratively establish ethical guidelines, regulatory frameworks, and
responsible practices that ensure the ethical and equitable development and deployment of Al

technologies (Taddeo & Floridi, 2018, p. 8).
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As we stand at the crossroads of the complex and intriguing future, the intertwining trajectories of
humans and Al beckon us toward uncharted territories. The narrative woven through these chapters
highlights the need for a nuanced understanding of Al's role in shaping our collective destiny. The
evolving relationship between humans and Al is not merely a technological saga but a profound
societal and ethical narrative that requires continuous exploration, ethical scrutiny, and adaptive
strategies. The uncharted path ahead invites us to be architects of a future where Al augments
human potential, respects fundamental values, and contributes to a more equitable and sustainable

world.

In conclusion, the future of Al and humanity is a collaborative venture that invites collective
wisdom, ethical stewardship, and a relentless commitment to building a future where both humans
and Al thrive in harmony. The narrative unfolds not as a predetermined script but as a collaborative
narrative shaped by the choices we make today, the ethical principles we uphold, and the shared
vision we aspire to achieve. As the pages turn towards the future, the story of humans and Al
continues to be written, and it is our collective responsibility to ensure it is a tale of progress,

benevolence, and shared prosperity.

5.12 Global Discord and the Limits of Ethical Governance

Throughout this thesis, a tone of cautious optimism has been adopted—one that assumes the
frameworks for ethical AI governance can and will be implemented effectively. However, such
optimism cannot ignore the enduring reality of geopolitical conflict and the often self-serving
nature of political leadership. History reveals that ethical considerations are rarely pursued unless
aligned with the interests of power, economic gain, or national dominance. Despite the rational
benefits of cooperation and peaceful regulation, nations continue to engage in warfare,
manipulation, and competitive technological advancement, even when those actions lead to
collective harm. While this dissertation focuses primarily on regulatory frameworks and the role
of developers and researchers, it is ultimately governments that shape and enforce these policies.
The question of how such frameworks could be adopted and enforced globally—especially in a
fractured world—remains open. The possibility of conflict and moral failure remains if there are
no systems in place to hold governments responsible or to match moral requirements with tactical
or financial incentives. While a thorough response is outside the purview of this thesis, it is

imperative to recognize this systemic vulnerability. It serves as a reminder that moral advancement
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cannot be ensured by technological advancement alone, and that the aspirational goals of Al
governance may remain so in the absence of strong, internationally recognized, and enforceable

institutions.
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