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Abstract: A hypothetical process to transfer a biological brain's entire structure and function to an artificial substrate
is called brain duplication, also known as brain replication or mind uploading. The present paper is a review of the
relevant literature and scientific studies of the various brain duplication techniques used by Al. Several approaches,
including artificial neural networks, deep learning, reinforcement learning, evolutionary algorithms, and
neuromorphic computing are involved in brain duplication techniques in Al. These techniques are intended to enable
machines to reproduce the structure and function of a human's brain to improve machine learning capability through
data, making decisions based upon rewards or penalties, and optimizing their solutions by evolving processes such as
evolution. Likewise, this paper revealed the benefits of brain duplication techniques and the major challenges that
researchers are facing with these technologies, including technical constraints, and complexity of neural networks as
well as scientific advancements. The findings indicated that, primarily, for analyzing the collected data by using
appropriate techniques, and to compare it with the existing knowledge, the researchers need to understand the
problems critically. Then, they should attempt to refine and repeat the process for validation of the findings, and
evaluate the outcomes against predefined expectations, until satisfactory results are achieved. Therefore, they will
succeed in understanding the human brain. An Al system can achieve enhanced cognitive abilities by replicating the
human brain's complex functions, leading to breakthroughs in different areas. Ultimately, brain duplication techniques
of Al are a complicated and constantly evolving area of research. Consequently, there is a need for interdisciplinary

cooperation in the areas of neuroscience, computer science, cognitive psychology, and other related areas.
Keywords — Artificial Intelligence(Al), Deep Learning(DL), Natural Language Processing (NLP), Reinforcement Learning (RL)

. INTRODUCTION numerous chances to validate existing Al methods and
develop new ones [2], thus extending the Al repertoire and
increasing its efficacy in human brain research. Using Al
technology in human brain research has expanded both Al
and human brain research, making Al-assisted human brain
research a rapidly emerging interdisciplinary subject.

The replication of the human brain has been a long-
standing goal for scientists and researchers. The ability to
duplicate the intricate structure and functionality of the
brain holds immense potential for various fields. This paper
explores the different techniques employed to achieve brain

duplication and their implications for advancing Al The Significance of the Study

capabilities. An ability to duplicate a human brain could The mechanisms underlying brain duplication techniques,
transform  neurobiological research by providing an which involve replication of the structure and function of a
unprecedented opportunity for neuroscientists to study the human brain in Al systems, are to be explored and
complexities of neural networks and understand complex understood in this paper. Researchers can understand how
cognitive processes. Deep studies of the mechanisms that the human brain processes information, learns, and makes
underlie memory formation, learning, decision-making, and decisions through the study of brain duplication techniques.
consciousness can be performed through brain duplication To improve existing Al systems, it is feasible to use that
[1]. The several subfields of human brain research provide knowledge for the development of more sophisticated
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algorithms that imitate human intelligence. By combining
human brains with Al systems, scientists can create highly
intelligent agents capable of performing complex tasks that
require humanlike cognitive abilities [3]. Such an approach
may lead to breakthroughs in the areas of machine learning
algorithms, natural language processing(NLP), computer
vision, and robotics. Brain duplication techniques help
understand human cognition. Researchers can come up
with new insights into the way humans perceive, reason for,
and retain information through the replication of neural
networks and cognitive processes. Researchers can enhance
machine learning models if they apply the principles of
neural networks that exist within human brains to brain
duplicate techniques. As a result, algorithms for tasks such
as image recognition, NLP, and decision-making could
become more efficient and accurate. It is imperative to
create systems that are more natural and intuitive when it
comes to interacting with humans, due to the increasing
inclusion of Al in our daily lives. It could allow the
creation of Al systems that can understand human
emotions, intentions, and preferences more effectively by
utilizing brain duplication techniques which will improve
human interaction with machines. Advances in the field of
neuroscience can also benefit from studying brain
duplication techniques. Researchers can evaluate the
hypotheses of brain function and prove theories relating to
cognition and consciousness with simulations of neural
networks found in humans' brains. The present study
attempts to provide a significant review of different
techniques of brain duplication applied in Al. In other
words, there is a gap in the previous studies that have not
provided such a comprehensive review study to discuss all
the recent techniques and approaches of brain duplication
applied in Al. Therefore, this study aims to cover all the
techniques in detail and provide a significant conclusion of
the work along with the applied recommendations for the
future.

Research Objectives

1. To provide a comprehensive review of the various
brain duplication techniques and applications
employed in artificial intelligence (Al).

2. To describe the potential benefits, limitations, and
challenges in implementing brain duplication
techniques in artificial intelligence (Al).

Il. THEORETICAL FRAMEWORK
Brain Duplication

The idea of brain duplication is intriguing and has received
a lot of interest from the scientific and philosophical
communities. It entails moving a person's consciousness,
memories, and cognitive abilities from their biological
brain to an artificial substrate or computer system. The idea
of substrate independence, which holds that consciousness
can exist independently of its physical substrate, forms the
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theoretical cornerstone of brain duplication. Putnam [4], a
philosopher, first put forth this concept in 1988 and claimed
that mental experiences are not only dependent on the
physical characteristics of the brain but can also be
manifested in other substrates. Based on this idea,
neuroscientist, Koene [5] proposed a framework for whole-
brain emulation, arguing that by mapping and replicating
neuronal connections, it is possible to reconstruct a person's
mind. Recent developments in neuroscience and Al have
brought brain duplication closer to being a reality,
discussions about its ethical considerations, and potential
advantages. According to Smith & Johnson [6],
technological developments have also significantly
contributed to the advancement of brain duplication
research. Scientists can simulate complex neural networks
and more accurately represent brain function thanks to
high-performance  computing  systems  Furthermore,
advancements in neuroimaging methods enable non-
invasive monitoring of brain function at previously
unheard-of levels of detail.

Various Brain Duplication Techniques
Employed in Artificial Intelligence (Al)

A. Artificial Neural Networks (ANNS)

In Al, neural networks form the basis of brain duplication
techniques. A neural network is described as a system
consisting of several processing elements that operate at the
same time, and whose functions are determined by their
structure, connection strength, and computation performed
in computing nodes or nodes [7]. The ANN concept is
based upon the biological human brain with up to 60
trillion interconnected neurons that can act on a network
pattern to make decisions. The ANN process begins with
very primitive interconnected neurons that function as one
single processor based on this basic idea. The concept of
perceptron had been introduced based on McCulloch and
Pits’ neuron model [8]. Models of neural networks, such as
deep learning architectures, are attempting to replicate the
interconnectedness and information-processing capabilities
of biological neurons. These models are widely applicable
to a range of Al tasks such as image recognition, natural
language processing, and autonomous driving [9].
Successful implementation of the ANS has recently drawn
attention from several actors outside academia, for example
in industry and business [10].

Figure 1: A typical artificial neural network (ANN)
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B. DEEP LEARNING (DL)

Hinton et al. [11] proposed "Deep Learning” (DL), which
was based on the idea of an artificial neural network
(ANN). Due to the enormous expansion and development
of the big data sector in recent years, DL has become an
enormously popular form of ML method [12]; [13]. Since it
can yield significant results in a variety of classification and
regression issues and datasets, several corporations,
including Google, Microsoft, Nokia, etc., actively research
DL [14]. To learn from massive volumes of unsupervised
data, DL algorithms often learn data representations in a
greedy layer-wise manner [11]; [15]. DL can be described
as a method of improving results and reducing the amount
of time taken to perform computations in certain computer
processes. DL methods have been used in the area of NLP,
for example in the generation of image captions and
handwriting, respectively [16,17]. DL algorithms have
produced improved outcomes for this analysis assignment.
This method, which differentiates machine learning
strategies working on outdated and conventional algorithms
by utilizing more human brain capabilities, has been
offered as ground-breaking technology all over the world
[12].

Artificial
Intelligence

P

Brain -Inspired

Figure 2: The Techniques of Artificial Intelligence
C. Reinforcement Learning (RL)

Reinforcement Learning (RL) overlaps with several
disciplines including computer science, engineering,
psychology, mathematics, neuroscience, and economics.
[18]. RL is a different brain duplication method that draws
inspiration from the brain's reward-based learning system.
This method involves giving an Al agent feedback in the
form of rewards or punishments based on its actions,
allowing it to learn through trial and error. The agent can
acquire optimal decision-making abilities by continuously
improving its behavior. Electrical power, healthcare,
finance, robotics, advertising, NLP, transportation systems,
and games are just a few of the industries where RL has
been used.
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Figure 3: Reinforcement learning process, Jiang & Jin [19].

D. Evolutionary Algorithms (EA)

The principles of genetics and natural evolution serve as the
basis for evolutionary algorithms, which are computational
methods. These algorithms use an iterative process of
selection, recombination, and mutation to evolve toward
optimal or nearly ideal solutions. This technique is known
as population-based. Due to their capacity to quickly
explore huge solution spaces and identify appropriate
answers, evolutionary algorithms have found extensive
application in a variety of domains, including optimization
problems, machine learning, and data mining [20].

Coding of solutions
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Figure 4: Problem solution using evolutionary algorithms
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E. Neuromorphic Computing

In 1990, Mead [21] first used the phrase "neuromorphic
computing.” At the hardware level, neuromorphic
computing tries to mimic the structure and operation of the
human brain. Neuromorphic systems can perform high-
speed parallel computing while consuming little power by
creating specialized hardware that resembles neural circuits
and synapses. The two basic paradigms of neuro-inspired
computing are digital-bit-encoded artificial neural networks
(ANNSs) and spike-timing-encoded spiking neural networks
(SNNs). In logical computing, machine vision, intelligent
search, and automatic driving, deep neural networks
(DNN), convolutional neural networks (CNNSs), and
recurrent neural networks (RNNs) have proved successful
[22, 23]. A neuromorphic architecture requires several
significant and specific requirements such as higher
connection, parallelism, low power consumption, memory
consolidation, and processing [24]. Parallel processing is
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effectively used by neuromorphic computing platforms like
IBM's TrueNorth and Intel's Loihi to imitate neural
networks.

F. Cognitive Architectures

Cognitive architectures are designed to mimic higher-level
cognitive functions including perception, logic, learning,
and judgment. Examples include the algorithms ACT-R
(Adaptive Control of Thought-Rational) [25] and SOAR
(State-Operator-and-Result) [26] which have been used to
create intelligent agents that are capable of performing
challenging problem-solving tasks.

G. Brain-Computer Interfaces (BCIs)

The brain-computer interface (BCI) is a direct, non-
stimulatory, and, in some situations, bidirectional
communication link between the brain and a computer or
an external device. It has demonstrated potential for
improving human working capacity on both a physical and
cognitive level, as well as for the rehabilitation of patients
with motor impairments [27, 28]. By collecting patterns of
neural activity during particular tasks, these interfaces
enable bidirectional information transmission between
humans and machines, aiding brain duplication. The
healthcare, gaming, and assistive technology industries are
just a few of the industries that these interfaces could
transform. For instance, research by Leeb et al. [29]
showed that people with spinal cord injuries can
successfully use BCls to control robotic limbs. This study
emphasizes the BCIs' potential for enhancing the quality of
life for those with disabilities.

Brain activity

3 £ Preprocessor | Decoder
recording device

%

External device

Figure 5: Brain-Computer Interface scheme, Mora-Cortes, et al., [30].
H. Whole-Brain Emulation (WBE)

Whole-brain emulation (WBE), which entails building a
complete computational model of an individual's brain, is
one of the most promising techniques. Every neuron and
synapse in the brain is intended to be replicated in terms of
both structure and function using this method. According to
Sandberg & Bostrom [1], WBE can convert a person's
consciousness into a digital substrate, a process known as
mind uploading.

I. Connectome Mapping

The brain is made up of many linked neurons that form
anatomical and functional networks. The "connectome" of
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the brain is made up of structural descriptions of neural
network elements and connections [31, 32, 33] and they are
significant for understanding normal brain function and
disease-related dysfunction. The goal of connectome
mapping is to map the extensive network of connections
between neurons in the brain. The connectome, which is the
entire network of neuronal connections in the brain, was the
focus of a study by Yuste et al. [34]. They showed progress
in understanding this complex network by creating novel
imaging methods and computer tools.

A Map of Anatomical Connectivity

B Specific Fiber Tracts

€ Map of Functional Connectivity

Figure 6: The Human Brain Connectome, Fox, [35].

Applications of Brain Duplication Techniques

Brain duplication techniques offer a wide range of
applications in a variety of fields. These include healthcare
(diagnosis and treatment planning), robotics (autonomous
systems), gaming (intelligent opponents), and natural
language processing (NLP).

A.Healthcare

Brain duplication techniques can be employed in healthcare
applications such as medical image analysis and diagnosis
[36]. These approaches enable researchers and physicians
to better understand neurological illnesses and develop
tailored treatments by recreating the structure and function
of a patient's brain. Smith et al. [37], for example, used
brain duplication to develop accurate models of
Alzheimer's disease, enabling the testing of possible
therapies and furthering our understanding of this terrible
disorder. This novel technique has the potential to
significantly improve patient treatment and advance
medical understanding in the field of neuroscience.

B.Robotics

By reproducing human-like visual systems, brain
duplication techniques allow robots to comprehend their
environment more effectively [38]. For example, Stanford
University researchers have successfully used brain
duplication techniques to construct a robotic system that
can learn new activities by studying and copying humans
[39]. This enables robots to navigate complex situations
autonomously and connect more naturally with humans.
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C. Gaming

In the game industry, brain duplication techniques have
various applications. The construction of realistic and
intelligent non-player characters (NPCs) that can deliver a
more immersive gaming experience is one such use. Game
creators can build NPCs with human-like behavior,
decision-making, and emotions by replicating a human
player's brain and transferring it to an NPC. This improves
the overall gameplay and makes player interactions with
NPCs more compelling. Brain duplication techniques can
also be used to study player behavior and preferences,
allowing game producers to tailor the gaming experience to
individual gamers [40]. The creation of individualized
game experiences is another application of brain
duplication technology in gaming. Game makers can
generate personalized gameplay settings tailored to
individual players by duplicating a player's brain and
evaluating their preferences. This results in a more
immersive and engaging experience since players feel more
connected to the game world [41]. Additionally, brain
duplication techniques have been employed to improve
multiplayer gaming experiences. Cooperative gameplay
becomes more fluid and natural by replicating the brains of
numerous players and integrating them into a single virtual
creature. This allows players to more effectively
communicate and coordinate their activities, resulting in
improved collaboration and strategic gameplay [42].

D. Natural Language Processing

Natural language processing (NLP) activities such as
machine translation [43] and sentiment analysis have been
transformed by brain duplication approaches. Al systems
can interpret and generate human-like writing more
effectively by imitating the human brain's language
comprehension capabilities.

Potential Benefits of Implementing Brain
Duplication Techniques in Artificial
Intelligence(Al)

Although artificial intelligence (Al) has made considerable
advances in recent years, researchers are constantly looking
for ways to improve its capabilities. Brain duplication
techniques, which try to duplicate the complicated
workings of the human brain within Al systems, are one
promising route. This present paper addresses the
potential benefits of this method. Furthermore, DeGrazia
[44] stated that brain duplication could provide enormous
benefits by prolonging human life or allowing individuals
to exist beyond biological restrictions. However, he warned
against ignoring potential negative outcomes and
encouraged careful consideration of its societal influence.
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A. Advancing our Understanding of Brain Function

Brain duplication techniques, such as whole-brain imaging
and connectomics, allow researchers to collect
unprecedented quantities of anatomical and functional
information on the brain. These techniques enable the
viewing and study of brain circuits, allowing for a better
understanding of how different regions interact and
contribute to different cognitive processes  [45].
Researchers can explore the influence on neuronal
connections, synaptic plasticity, and overall brain function
by duplicating brains at different stages of development or
under certain settings [46].

B. Enhanced Cognitive Abilities

By duplicating brain functions, Al systems may be able to
demonstrate cognitive abilities equivalent to humans. This
involves complex reasoning, decision-making, and
problem-solving abilities. Such developments could have a
significant impact on a variety of areas, including
healthcare, banking, and robotics.

C. Improved Learning and Adaptability

Brain duplication techniques may allow Al systems to learn
from experience and modify their behavior accordingly. Al
may become more efficient at gaining new knowledge and
abilities if it mimics human brain networks involved in
learning and memory formation.

D. Human-like Interaction

By replicating the human brain's ability to perceive
emotions and social cues, Al systems and humans may be
able to interact more naturally. This would be very useful in
applications like virtual assistants or customer care agents.

E. Medical Advancements

Brain duplication techniques could benefit medical research
by imitating neurological problems or diseases within Al
systems. This would allow scientists to do more in-depth
research on these illnesses, potentially leading to improved
diagnostic tools or treatment options. Doctors might imitate
illness progression and test individualized treatment
techniques without endangering patients by building digital
duplicates of individual brains [47]. Furthermore, brain
duplication could aid in the development of improved
prosthetics or neuroprosthetic devices that interact
seamlessly with the duplicated neural network [48].

Potential Limitations and Challenges of
Implementing Brain Duplication Techniques
in Artificial Intelligence(Al)

Brain duplication techniques have a huge potential to
advance our knowledge of the human brain and its uses in a

variety of sectors. To accomplish successful replication,
several issues must be addressed. Technological limitations,
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ethical considerations, the complexity of the human brain,

the complexity of neural networks, lack of understanding,
lack of comprehensive data, and unpredictable outcomes
are among the major challenges faced by researchers in this
field.

A. Technological Limitations

Technology limitations are one of the main issues with
brain duplicating methods. While electroencephalography
(EEG) and functional magnetic resonance imaging (fMRI)
offer useful insights into brain activity, they lack the
necessary resolution to accurately record the intricate
connections between individual neurons. Imaging methods
must be improved to reach the higher level of precision
required for precise duplication. One main challenge is the
sheer complexity of the human brain, which consists of
billions of neurons linked by trillions of synapses. High-
resolution mapping and simulation of these complicated
brain networks remains a daunting endeavor [49].
Furthermore, existing processing power and storage
capacity are limited for accurately simulating such huge
volumes of data [1]. Overcoming these issues will demand
breakthroughs in neuroimaging techniques, computational
algorithms, and hardware capabilities.

B. Ethical Considerations

Brain duplication raises various ethical issues about
privacy, consciousness rights, and the potential abuse of
reproduced minds [50]. Furthermore, problems about
ownership and control over duplicated minds arise, as do
possible risks associated with unlawful access or
manipulation of uploaded consciousness [51]. To ensure
the ethical and respectful use of brain duplication
technology, ethical frameworks must be created.

C.The Complexity of the Human Brain

The human brain is a complicated organ with billions of
neurons that are linked together by intricate networks.
Researchers trying to correctly replicate its functions face a
considerable hurdle because of this complexity [52].

D.The Complexity of Neural Networks

The complexity of the human brain makes brain duplication
techniques extremely difficult. It is challenging to correctly
reproduce the brain since it is made up of billions of
neurons that are connected through complex networks. For
brain duplication to be successful, it is essential to
comprehend the intricate dynamics and interconnections
inside neural networks.

E. Lack of Understanding

Despite substantial advances, our knowledge of the human
brain remains limited. Many aspects of brain function,
including consciousness and subjective experiences, remain
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unknown. Trying to replicate these functions in Al systems
may be premature until we get a better knowledge of the
underlying mechanics.

F. Lack of Comprehensive Data

Another challenge is the lack of comprehensive data on the
structure and functionality of the human brain. While
significant progress has been made in mapping the brain,
there are still gaps in our understanding. Obtaining
comprehensive data sets that capture a wide range of neural
activities is critical for accurate brain duplication.

G. Unpredictable Outcomes

The replication of brain functions in Al systems could
result in unpredictable behaviors or unintended
consequences due to the complexity and interconnectedness
of neural networks, making it difficult to predict how
replicated brains would behave in different scenarios,
potentially leading to unexpected outcomes.

Advancements in Brain Duplication
Techniques in Artificial Intelligence(Al)

This paper also aims to explore the advancements of brain
duplication techniques in Al.

A. Neural Network Architectures Advancements

Neuronal network architecture advancements have been
critical in brain duplication techniques. Deep learning
models like convolutional neural networks (CNNs) and
recurrent neural networks (RNNSs) have demonstrated
promising results in imitating certain parts of human
cognition [9]. These structures serve as the foundation for
studies into brain duplication. Similarly, by including
feedback connections that allow information to remain over
time, recurrent neural networks (RNNs) have proved
successful in simulating sequential data [53]. These
advances in brain duplication techniques have considerably
improved the performance and versatility of neural
networks across multiple disciplines.

B. Brain-Computer Interfaces (BClIs)
Advancements

BCls (Brain-Computer Interfaces) have made great
progress in recent years, particularly in the field of brain
duplication techniques. Direct contact between the human
brain and external devices is made possible by BCIs.
Recent advancements have enabled researchers to more
precisely capture and understand brain activity [54]. BCls
provide important insights into brain function, assisting in
the development of brain duplication procedures. Advances
in brain duplication techniques, according to Li et al. [55],
have allowed for improved mapping and decoding of neural
signals, resulting in greater accuracy and functionality of
BCls. This advancement bodes well for the development of
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fresh applications in healthcare, communication, and
neuroprosthetics.

C. Integration of Brain Duplication and Al

The merging of brain duplication techniques with Al
systems has enormous potential for increasing cognitive
capacities. Combining the ability to duplicate human brains
with the computing power of Al can lead to breakthroughs
in a variety of fields, including healthcare, robaotics, and
education. Researchers can develop very realistic digital
reproductions of the brain by merging Al algorithms and
brain imaging technology, allowing for extensive
examination and modeling of its operations. Kriegeskorte et
al. [56] demonstrated this integration by using deep neural
networks to interpret visual representations from fMRI
data, revealing insights into how the human brain processes
visual information. This breakthrough in brain duplication
techniques holds great promise for uncovering the
mysteries of the human mind and generating novel
treatments for neurological illnesses.

D. Neuroprosthetics and Brain Augmentation

Neuroprosthetics and brain augmentation developments
have transformed the area of neuroscience by providing
new options for people suffering from neurological
illnesses. Brain duplication techniques can help to advance
neuroprosthetics, allowing people with neurological
illnesses to restore lost functionalities [57]. Brain
duplication techniques, in addition, have emerged as a
promising route for comprehending the intricacies of the
human brain. Researchers might obtain insights into
cognitive processes and potentially  develop novel
treatments for various neurological disorders by duplicating
neural networks and monitoring their behavior [58].

I11. CONCLUSION

Artificial intelligence brain duplication techniques have
made tremendous progress toward replicating human-like
cognitive capacities. While there are still challenges,
current research and technology breakthroughs offer
encouraging prospects for the future of Al systems that
closely resemble the human brain. In the realm of
neuroscience, brain duplication techniques have been the
focus of substantial research. The ability to replicate a brain
has enormous potential for better understanding brain
function, studying neurological illnesses, and potentially
advancing artificial intelligence. The authors explored
various brain duplication techniques and their applications
in this paper. Using brain duplication techniques in
artificial intelligence has enormous promise for expanding
cognitive capacities, learning, and adaptability, enabling
human-like interactions, and furthering medical research.
Nevertheless, ethical considerations, technical problems,
the lack of understanding of the human brain, and
unpredictable results all offer substantial constraints that
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must be carefully addressed before widespread adoption
can take place. In conclusion, brain duplication techniques
have the potential to transform our understanding of the
brain and open the way for advances in neuroscience and
artificial intelligence. Whole-brain emulation connectome
mapping, and stem cell research are all methods for
mimicking brain anatomy and function. However, before
these techniques can be completely realized, ethical
concerns about human identity and consciousness transfer
must be addressed. Ultimately, advances in neuroscience,
machine learning algorithms, and computer power will very
certainly lead to more accurate brain reproduction in the
end. Interdisciplinary cooperation among neuroscientists,
computer scientists, and engineers will also help to speed
progress in this field.

IV. RECOMMENDATIONS FOR FUTURE RESEARCH

While brain duplication techniques are still in their early
phases, they show enormous potential for solving the
mysteries of the human brain. Further study is needed to
perfect these techniques, address ethical considerations, and
investigate their practical applicability in domains such as
medicine and Al development. As humans continue to push
the boundaries of neuroscience, brain duplication may
become a reality, with far-reaching repercussions for
humanity. The development of advanced artificial
intelligence systems poses ethical concerns about privacy,
autonomy, bias, and accountability. Understanding brain
duplication techniques provides for a more accurate
assessment of these ethical issues by revealing how Al
systems are designed to copy human cognitive processes.
Future research should focus on exploring the ethical
considerations associated with brain duplication techniques.
This could include examining the potential impact on
personal identity, consciousness, and the rights of
duplicated brains [1]. Additionally, research should explore
the potential societal consequences and legal frameworks
that may need to be developed to regulate brain duplication
[59]. To address the technical challenges and limitations of
brain duplication techniques, more study is required. This
might include looking into the possibility of retaining
neural connections during the duplication process, assuring
proper reproduction of memories and cognitive abilities,
and avoiding potential faults or anomalies in replicated
brains [60]. Understanding these technological factors is
critical to the advancement of brain duplication technology.
Future research should look into the long-term effects of
duplicated brains. This could entail tracking cognitive
function, mental health, and overall well-being in replicated
persons across time [1]. Understanding how duplicated
brains adapt and function in real-world circumstances will
provide vital insights into their potential as a means of
human development. Potential uses of brain duplication
techniques in medical science should be investigated
further. For example, Bostrom & Sandberg [50]
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investigated whether duplicated brains can be used as
models for studying neurological illnesses or testing new
treatments.  Furthermore, investigating how  brain
duplication can aid in neurorehabilitation or assist patients
suffering from neurodegenerative disorders could be a
crucial area for future research. Future research should look
into the societal implications of brain duplication
techniques as well as public perception. This could entail
administering surveys or conducting interviews to measure
public attitudes, concerns, and acceptability of brain
duplication technology [61]. Understanding social
perspectives is critical for developing laws and regulations
that reflect popular ideals.
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