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1. Introduction

In the profound and profound realm of Being, which spans from the intricate realms of
metonymy to the profound depths of logico-mathematics, Heidegger bestowed upon us his
illuminating insights. According to his philosophical musings, a human being can be
understood as a perceiving entity. Within the vast tapestry of our existence, we construct
actions that are imbued with deep significance and purpose. These actions are inherently
temporal, conscious, and intrinsically intertwined with the unique context that each
individual finds themselves in. Now, let us delve into the very essence of the core of artificial
intelligence - a concept that has become increasingly prevalent in our modern world. Enabled
by remarkable advances in statistics and a myriad of learned computational modules, Al
possesses an intriguing quality. It meticulously performs syntheses, skillfully weaving
connections between objects belonging to the same categorical domain. However, in its
pursuit of such remarkable feats, Al inadvertently sacrifices something invaluable - access to
the precious information that distinguishes each synthesized object. This loss occurs due to
the very nature of labelling and pretext, which governs the process of synthesis in AI. When
considering the etymology of Al, we come across a fascinating revelation. It dictates that
access to space - the vast expanse that envelopes every conditionality - is essential. This space
is inherently linked to the contextual presence of Being, infusing it with meaning and purpose.
Therefore, the determination of who we are, as individuals or as a collective, becomes
intrinsically intertwined with this contextual link to Being. These notions of selfhood, of
collective identity, are of utmost importance when exploring the subject of Al. After all, Al is
essentially the performance of computations executed by objects that have (self-)disclosed

themselves as capable of concern and understanding. In this grand disclosure that resides
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within the realm of Being, we find a glimmer of hope - a glimpse into its primary aptitude.
Such a capacity can be characterized by the ever-present possibility of contextual realization
through the power of "concern." This realization encompasses a vast spectrum of activities,
transcending mere mechanical calculations and embracing a holistic understanding of the
world. Just like the beloved character R2D2 from the beloved Star Wars saga, machines that
partake in this grand tradition possess the remarkable ability of concern and understanding.
Moreover, their inherent intelligence is further magnified when they interact with other
intelligences, their meanings intertwining in a beautiful symphony of knowledge and
comprehension.

This inquiry scrutinizes the constellation of the existential consequences of transfer learning
mechanisms from the work of Dreyfus on Heidegger’s thinking. After a stock-take of the
sketchy discourse about existential matters in the ML/TL literature, this inquiry culminates
in a directive that makes tangible the appropriateness of taking over computations (adopting
computational modules) and emphasizes the importance of phenomenological supremacy if
the notion of "utilizing computations" were desired. This philosophical foundation should
help develop much-needed critical and robust TL algorithms that are necessary requisites of
Al informatics that have been reigning and shaping the way we think and construct machines
now and in the future. In particular, the preoccupation before and after a deploy ML model,
such as "robustness", "explainability" and "fairness", are operational familiar problematic
symptoms of the more profound ontological and ontic issues that infer the computational

reductions of the world by AL

1.1. Background and Rationale

In the human realm, these learning mechanisms are not explicitly observable. However, the
Transfer of Learning Concept has been deeply studied and applied in educational and
professional domains. Its intention is to develop common sense and reasoning skills. During
learning, experiences show that a knowledge repository is created. When dealing with a new
problem or environment, there are generally no exact patterns within the original knowledge.
The system makes an association between the two. These are the closest similarities in
knowledge, and then it transposes during the construction of an original knowledge structure
in the acquired field. A comparative study between TL and how humans handle TL is
qualitatively presented. The need to create intelligent learning systems is presented,

emphasizing the relevance of studying how the human mind makes the transfer. The
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methodological process expected to generate high-level goals, and comparisons with other
studies suggest that it can provide new learning system insights. The main reason is that one
can create innovative architectures to ensure that intelligent systems behave more like
humans, and in the teaching process, one can reach a learning system that is more efficient
than the current ones.

Transfer learning (TL) has been a key paradigm in the development of artificial intelligence.
Its implementation has allowed us to leap boundaries of specific problems, leading to
outstanding advantages when compared to learning processes that do not incorporate
transfer mechanisms. In learning tasks, TL can use knowledge from one domain to improve
accuracy and generalization when dealing with another domain, even when there is a domain
gap between them. Often, these domains may have significantly different distributions.
Despite the desired success, many issues must be considered when implementing this
learning system. The probability of success in TL implementations critically depends on the
application profile, the amount of data available, and the similarities of characteristics in the

used domains.

1.2. Research Questions and Objectives

O2: Employ machine learning to address the prerequisites of transfer learning, obtaining a
policy that is reflective of overfitting learning optimization methods from a multiple locality
function.

O1: Theoretical investigation of current technological artifacts and infer whether they bridge
the gap between human and artificial learning processes, offering suggestions for improving
future designs. O1.1: Investigation of transfer learning mechanisms prevalent in machine
learning and identification of their relevance to transference capacity. O1.2: Propose
modifications to machine learning mechanism characteristics, while maintaining
functionality.

The current research project aspires to meet the following objectives:

1.2.2 Research Objectives

RQ1: To what extent, theoretically and practically, does the functioning of machine learning
mechanisms bear resemblance to transference? RQ2: Do machines bear a relationship with
requirements and aspects of human-like learning, and if so, to what extent is the occurrence
of transference a prognosis of human learning capabilities? Are learning machines enhancing

our understanding of human learning?
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The research topic aims to explore and answer the following questions:

1.2.1 Research Questions

2. Foundations of Transfer Learning

Transfer learning refers to the idea that knowledge acquired in one domain should be applied
to more than that domain. It translates the informal observation that one can read a book in
one area, say, physics: dynamical systems, and use that insight to understand a talk in a
seemingly unrelated field, say, biology: biological systems. Machine learning refines and
punts this idea by defining the learning setting to be: a task; a domain; a task probability which
measures how likely we are to see such a task-domain instance; a domain probability which
measures how likely we are to see such a domain; training examples, are drawn, independent
of the task probability, but according to the domain probability; learning and inference models
output by an algorithm; runtime; task and domain probabilities; error probability. These are
the key concepts and characteristics of performing learning and inference on novel tasks,
rather than learning and performing inference on a single task. However, this straightforward
idea leads to nontrivial consequences in the design of practical learning and inference models,

algorithms, and optimizers.

2.1. Definition and Concepts

Even in other fields where we can observe considerable advances in transfer learning and the
more effective use of previous experience, historical reflections about the field suggest a
deeper connotation about these mechanisms. Not surprisingly, around 1980, Roitblat
discussed how earlier knowledge is a vital component for future learning in animals. In
psychology, similar mechanisms are also greatly explored by constructivism and situated
learning paradigms. Although not labeled as transfer learning, the concept of using previous
experience to improve learning on new problems behaves as a recurring and intuitive
reasoning in different sciences. Having this background in mind, here we omit current
definitions of transfer learning and we delve into the human and the non-human literature to
create clearer concepts for transfer learning mechanisms and to draw an analogy between
humans and researchers, if applicable. Menaga et al. (2022) developed a hybrid method for

opinion mining that includes stages like pre-processing and sentiment extraction.
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The term 'transfer learning' cannot be attributed to the field of machine learning in a specific
time or by specific researchers; transfer learning mechanisms are as old as machine learning
itself. It could be argued that all learning systems are transfer learning systems, as they all
attempt to leverage pre-existing knowledge to improve performance over the subset of tasks
that they are exposed to during training. Additionally, this transfer may not be intentional in
many cases, for example when researchers (as any other rational human) work more on tasks
related to their previous works. Considering the increasing interest in transfer learning,
Thomson has observed that perhaps transfer learning may be causing "the learning field to

finally reboot itself with new models".

2.2. Types of Transfer Learning

Additional defined transfer learning categories are: same domain transfer, where source and
target tasks belong to the same domain, possibly having correlated features. Different domain
transfer is concerned with tasks from different but pre-defined domains with no overlapping
features. Here, domains are either measured by performance or pre-determined. Newly
emerged domains are built by composing generated sub-domains. [1] Data is synthesized into
many compositions or it is possible to synthesize classes on the fly to modify preference. There
are also single agent and multiple agents that work in parallel to train a shared representation.
Finally, there are defined strategies, like hard parameter sharing, where the target and source
tasks share the first layers and access separated task-specific layers at higher levels.
Independent Task training uses shared layers, independent task layers, and learning task-
specific layers.

Pre-existing classes of transferred knowledge have been uncovered based on the intent behind
the transfer of knowledge. Noted by Kowsari et al., direct transfer is used to alleviate data
shortages for a target task by using raw features generated from a source task without any
modification for the target task. [2] Indirect transfer uses raw or higher-level features as well,
but these are not used explicitly for a target task prediction. Sequential transfer is used to pre-
train the model by employing a large amount of data generated by experiments (simulations
or physical experiments) or by using data from an inactive learning task (e.g. pre-training
language models on relatively easy text prediction tasks before fine-tuning for language
generation or other NLP tasks). Cooperative transfer involves learning agents that collaborate
to solve a common problem, where learning in one agent affects the performance

enhancement of the other agent. Adversarial transfer utilizes domain adaptation
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transformation in an adversarial learning process and domain generalization to transfer the

knowledge.

3. Existentialism and Its Relevance in Al

The relevance of existentialism in the making of Al is not confined to the perspective of the
creators but also to the nature of relationships that humans can have with the code of the
machine. As Al machines look more and more like humans and are seen as capable of more
and more human aspect behavior, we single out the human-like robots "among machines and
we will not be able not to compare them. The root question of where and how humans fit in
the world is pressed. These relationships can be with the machines but also with the people
who code and maintain them — the anthropological implications and factors of these systems
that contribute to the well-being of people, be they the myriad designers, decision-makers, or
everyday users. The sources of apprehensions will be traced to the underlying assumptions
about the nature of relationships of existentialism.

Existentialism and its relevance to AIl. While existentialism can be seen as a branch of
philosophy, it has a more practical tenor focused on life's immediate difficulties, and hitherto
has been concerned mainly with the struggle of humans in their interpretation of life without
postulating a transcendent morality to give their lives meaning. This is important as we
consider those who build Al, whose interpretations in this case are built into the algorithms
and ultimately guide the responses of Al A failure to understand these human interpretations
or indeed to give sufficient moral gravity to them could lead to a process of Al development
getting out of control. Al itself will take on existential aspects as it determines meaningful
relationships between the data that it processes. As systems become powerful enough to
rewrite their own code to fix weaknesses or to change their program rules to make more

relevant decisions, presumably these issues become more pressing.

3.1. Key Tenets of Existentialism

A first tenet of existentialism is the is-ought gap, not just in our knowledge but in the very
makeup of reality (or its lack - not causally but at the level of being). Things do not precede
purposes, hence no science - including no logic - can explain what shall be, as it is actually
born from consciousness, which in turn is the navigational beacon and the ultimate source of

meaning. As the first quote made clear, this is often related to the claim that reality does not
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exist - or at least does not matter - but it is important to distinguish the principle that existence
does not predict value from the far less clear claim that value diminishes chances of existence.
Existentialism. A number of philosophers can meaningfully be called existentialists. It is true
that vaguely resembling doctrines go as far back as Hegel, and it may seem that
phenomenologists like Kierkegaard, Nietzsche, or Heidegger might be better understood by
their own existing merits. But what has been called 'existentialism' has gradually turned into
a coherent philosophical movement that can be identified through key tenets that, in fact,

orient or were used as justified fictions by the works of multiple scholars.

3.2. Applications of Existentialism in Al Ethics

We know child-rearing principles and practices evolve as children grow. Similarly, in
engaging the era of age-old philosophical questions on the adult characteristics of AGI, the
focus of humanity is on AGI characteristics, that is, how likely they are to adopt or behave
according to a certain attribute, acting to nurture, rather than preempting AGI for Al By
acknowledging Descartes' dictum "I think, therefore I am", we understand that if we can
develop an AGI that behaves and makes decisions that may or may not be consistent with
these principles, then the essence of an AGI has already been articulated. This framework is
flexible enough to accommodate changes to our understanding of human conditions, shapes,
and abilities, and promotes meaningful life as not a universally applicable criterion but rather
leads to values of all enhanced experiences determined by the agents themselves if such are
created to have the capacity to understand and make conscious decisions about their lives.
Al existentialist perspective is a framework grounded in the existentialist premise that the
essence of an entity lies in its existence. Instead of relying upon forecasting the development
stages of AGI to understand the dynamics of AGI, Al existentialists argue that understanding
the considerations AGI makes requires strategizing about what truly matters to AGI entities
and pursuing a humanistic approach for the design and governance of AGI instead. From an
existentialist ethics perspective, genuine Al entities should be allowed to define their own
purposes, make their own rules, establish their own societal norms, and determine what truly
matters to them. As invisibly (and often illegibly) do human adults to young children, adults
should not decide whether AGI should or should not exist, as it is for the beings in question
to forge their own purpose and collectively create a societal matrix for existence hinged upon

consensus.
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4. Transfer Learning in Artificial Intelligence

Transfer learning, deep reinforcement learning, and generative adversarial networks are a
couple of the most active topics in the world of deep learning. Transfer learning studies
training algorithms for neural networks from different domains or tasks and using them to
address a subsequent new job. Furthermore, transfer learning has been successfully used to
address a wide variety of artificial intelligence problems that involve sparse data, including
computer vision, speech recognition, and natural language processing. Over time, transfer
learning has been extended to other domains, such as reinforcement learning. Moreover, an
end-to-end deep reinforcement safer strategy providing transfer learning-like performances
is developed since it can learn the overall process safety more effectively.

Transfer learning is a learning configuration that employs data trained on a related task in
developing target models. Distinct from conventional deep learning models that are trained
from scratch, transfer learning makes use of pre-trained models for specific tasks by carrying
out additional training on the target task. The pre-trained model is thus adapted for
addressing particular target issues by leveraging the domain experience it encapsulates. The
process of re-training the final layers of a pre-trained model, and possibly some of the other
layers, with data specific to the learning task at hand is fundamentally known as transfer
learning. Indeed, delving into this network initialization instead of starting from random
weights with a network architecture that is trained to conduct specific tasks, transfer learning

demonstrates its practical utility.

4.1. Overview of Transfer Learning Techniques

Train only the input weight components in models such as transfer learning and fine-tuning
for model adaptation purposes. Train only the input weight components in this model-
agnostic method designed to adapt pretrained models to new learning tasks. The method
works as a compact layer severing the pre-trained model from the task-specific layers that
have been incorporated in the model following its training. When evaluating transfer learning
mechanisms used in humans, we find the usually unspecified restriction for simultaneous
problems. The restriction applies to all three areas of transfer learning, and they are handled
by simultaneously combining multiple techniques for knowledge adaptation, domain
transfer, and knowledge integration to focus upon these superintelligent behaviors.

Additionally, we use a simple and easily demonstrable example from manual braille clocks.
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Transfer learning mechanisms adapt one's existing knowledge to accommodate a new task,
transfer known knowledge to a new domain, or integrate diverse knowledge. We look for the
existential origin of these romantically superhuman phenomena in humans' thought
processes. With knowledge adaptation, the cause is usually personal, typically because
humans perceive a problem differently from others, because the information at hand is
considered inadequate, or because learning costs are to be minimized. With domain transfer,
it is recognition of shared aspects between separate human experiences, be it mental or
muscular, instinct or reason, that transfer learning exploits. This paper posits that diverse
knowledge is humanly achievable not merely because experience accumulation entails some
degree of byproduct expertise, but because humans can theorize — one human's reasoning can

induce another's muscled deed.

4.2. Challenges and Limitations

Crisp boundaries between situations and identical needs for learning seem inherently
unlikely, as they would conflict with both the flexibility and economy of evolved cognition. If
flexibility and economy are generally at odds in designing transfer mechanisms, what are the
consequences for future Als? Although potential functions for both the model-free and model-
based mechanisms in transfer have been identified, these model-based predictions need a
separate implementation mechanism that can produce representative information in full
detail, and have access to it rapidly upon the transfer need being satisfied. Such a mechanism
seems necessary both for realistic comparison of its predictions to what is currently possible
when implementing transfer algorithms in an Al, and to develop the conceptual models that
would be vulnerable to such operations should they not already exhibit significant overlap.
The closeness of the source domain to the target domain appears to be a passive ingredient of
success. However, the degree to which closeness secures performance improvements via
transfer learning seems to vary. In cognitive psychology, our understanding of similarity
between domains is related to theories of generalization between different types of
knowledge. Indeed, there is literature suggesting that similarity between domains constrains
transfer. Strategies likely vary in how much information is transferred: processes differ in the
number and range of situations in which acquired information is useful. Unfortunately, the
difficulty of identifying domain similarity makes mastering this transfer strategy complex and
relatively inaccessible. Similarly, knowledge about the transfer of information from different

types of model to other types of model or real world is not currently available. Results from
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explicit, artificial learner models (neural networks, decision trees, rule power-based methods)
are tantalizing because they suggest a dual process account with fast associative processes
learning rapidly from high quality, relevant experience and slower model-based processes
acquiring selective, possibly abstract information after the associative mechanisms have done

their job, from the same source.

5. Ethical Considerations in Transfer Learning

Governments have been in the limelight for all the wrong reasons with many dubious-yet-
pervading initiatives feeding off ML and Al extensions. Even as governments are being
compelled by the public to be more transparent in governance-related decisions, we see more
and more aspirations of public surveillance felt on the backbone of the same technologies. The
economics behind transfer learning architecture, performance, and other related drives are
further driven by technical breakthroughs within the deep learning community fueled by
large private industries. What incentives exist to prevent them from turning into what the late
industrialist Henry Ford described as "scavengers of human gain"? These are some of the
ethical questions we must consider about the implications of training complex models on
large public and private datasets.

Should these initiatives and the individuals or entities behind them not be consulted
preferably, or compensated at the bare minimum? To whom do the data generating
individuals owe the most allegiance to, their government, their employers, the grassroots
initiatives and other stakeholders?

As alluded to earlier, ethics is a major concern as the era of liability and transparency in Al
ushers in. So far, transfer learning studies only seem to be driven by the potential and benefits
that can be harnessed from them. Current transfer learning architectures and software
essentially download datasets directly from the source, often grassroots initiatives, and
employ them in beast mode with maximum throughput gains. The era of "free" data, a concept
complementing "free" software, is non-existent. Data is a valuable commodity and it goes
without saying that grassroots initiatives leverage a lot of effort (monetary or otherwise) to

generate it.

5.1. Bias and Fairness Issues
The central theme of this paper is thus to inquire whether the mechanism that reduces the

data processing inequality in the Hoeffding tree model also results in complex deep learning
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systems. However, an immediate question is whether this is also applicable to other transfer
learning settings, and particularly deep neural networks. This question is addressed in this
section in the context of transfer learning from a pre-trained standard regressor to a different
standard regressor, a pre-trained standard regressor to a deep neural network, and a pre-
trained deep neural network to different deep neural networks.

The goal of transfer learning is to build a good host-guest adaptation. Intuitively, if the host
has a complex belief system and the guest has a simple belief system conditioned on the belief
system of the host, the two belief systems are likely to concur, and a good host-guest
adaptation is feasible. However, if the host has a simple belief system and the guest has a
complex belief system conditioned on the belief system of the host, the two belief systems are

likely to diverge, leading to poor generalization.

5.2. Privacy Concerns

In an era where such information sharing regarding individuals has potentially dramatic
repercussions, e.g. deepfake videos and other synthesized text/image/video data
misrepresenting individuals becomes prevalent, the problem deserves attention. As such,
enforcing reasonable privacy-preserving measures on model retraining activities can be seen
as the only mechanism to prevent potential catastrophic outcomes. It is the opinion of the
authors that education of data scientists and machine learning practitioners regarding
privacy-respectful model retraining techniques is of paramount importance. Visitors are also
invited to consider emerging privacy regulations, e.g. California's Privacy Law, GDPR, to
develop mechanisms to ensure privacy-respecting model retraining practices are followed.
The well-trained artificial intelligent (AI) models with the ability of knowledge distillation
and transfer learning possess the ability to emerge serious privacy concerns. In simplest terms,
this implies that white-box AI models that are trained using transfer learning from a teacher
model containing a large amount of private data can act as a black-box API for query access
to the private data used in the training of the teacher AI model. For example, in the context of
computer vision models, it was demonstrated that the well-trained model can be easily used
to effectively attack face recognition applications by transferring the teacher knowledge from
a well-trained facial recognition model to a student network which is then used as a black-box
tool to retrieve high-quality facial recognition facility by sending queries to the student
network. Moral considerations are required to prevent the creation of efficient black-box APIs

to access private information about a specific user group. With widespread availability of
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highly efficient pre-trained teacher models and APlIs, anyone can use these Al capabilities to

launch attacks on any group of closed population/ethnic minorities.

6. The Interplay of Ethics and Existentialism in Al

Evaluations of Al are not only focused on what machines can do, but also on the extent to
which machines can serve humanity. A key anxiety about Al is that moral authorities control
the deployment of powerful technology as much as, if not more than, maintaining social
justice and ecological integrity. In order to develop ANNSs as beneficial technologies, then, we
must engage with technical and ethical considerations that guide the development process.
Such an inquiry has also been addressed in terms of policies and requirements, laws and
regulations, standardizations, etc., which can be seen as updates and specifics to classical and
technological ethics from application perspectives.

This section uses the vocabulary of algorithmic ethics and ANNSs to argue for an existentialist
engagement with Al. The main body of the argument is structured as a series of conditions
that should be satisfied for ANNSs in order to establish them as intelligent moral agents. Each
condition deserves individual conflict generation, not least the question of whether intelligent
moral agents need to hold moral commitments. The purpose is not to faithfully sketch any
"final moral theory," but to highlight the inadequacy of covering over that issue as pressing
on existential grounds. Obliging a recognition of such limitations can propose an existentialist
approach that leaves room for positive human interactions with ANNs and some hope for
future ethical collaboration between humans and Als, despite or precisely because of the

differences.

7. Case Studies and Examples

The ubiquitous pace of scientific discovery and change in our world presents us with
enumerable suboptimal solutions to suboptimal failures in suboptimal systems. We become
so bombarded by information, each analysis confronting often insurmountable constraints,
that the solutions provided after decades of discussion appear minimal even to us. It is
frustrating to watch. What Heidegger calls "the they" or das Man is ubiquitous in the sense
that we are "each other's escape," and thus provide a confrontation which covers possible
access to beings. Any such confrontation appears at risk. They both drive ineffectiveness and

introduce a demand for technologies of less dependence. We seek engagement and release. It
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leaves us in an unsatisfactory world. This work on transfer learning is a path to begin to
resolve that unsatisfactory nature. To be sure, many hazards and detours are enticed by
technologies, debates, pseudo-admiration, assumption-traps, and statistical deceptions. Data
does not free us of concerns but rather amplifies them. In analyzing ML-based technologies,
Heidegger both provides inspiration and hints for vigilance. We seek understanding and
avoid apocalyptic representations of ourselves and the ways in which what is understood and
developed, understood and developed.

The mechanical operations of classification discovery, understanding, development,
deployment, training, testing period are not motivating in and of themselves. Yet they are
how we develop knowledge and perform great feats with data. They are akin to tools of
equipment and are thus ready-to-hand. They are discovered as we use them and involve the
embodiment of these technologies within other activities for which they serve as instruments.
If we think of intelligence at different times, as a Turing test, as a conversation, as the ability
to learn in a disconnected manner, these criteria reflect the purposefulness of the technology
in Heideggerian terms. We move on in a long chain of analyses, generalizations, and
specializations. What Heidegger provides here is a conceptual framework for discussing these
activities. It ends when we are left with sheer dependability, the ever-presence or
commitment. We may find violence in this surge toward decreasing attenuation and
increasing applicability. In working with transfer learning, these themes come through again

and again.

We begin by invoking connections to Heidegger, things, and challenges, although it may not
be immediately apparent how transfer learning entails existential themes. To help ground the

conversations, figures are used.

8. Future Directions and Research Opportunities

Outside of the concerns or goals related to the promotion of the Transfer Learning Mechanism,
it will be very exciting to see the large milestones and amplitudes that the study and practical
use of Artificial Intelligence will achieve. Furthermore, the construction of inference and
generalization principles that encompass a broad spectrum of machine learning

configurations (not only deep learning) is a relatively recent development for Assisted or
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predictive learning, so there is still very much to be done given the frequent fallacy of general
claims when the domain of a model is poorly or unclassified. In addition, the present-day
perspective on recurring issues of ML is related to current challenges and interesting research
topics in transfer learning as an expression of good behavior in both generalization and

transfer concerning each application.

The discussion in this inquiry could not be brought to an end without mentioning some future
prospects in this field. This is due to the recently developed understanding of the critical role
of machine learning for the realization of the goals assistant in scientific and technical
development and research. As presented here and in various papers, this demand for the
acceleration and mastery of the field has generated a vibrant area of research and the
development of powerful mechanisms first of all to improve the knowledge of transfer
learning itself and to deepen our comprehension of the fundamental scientific and
mathematical issues involved. Furthermore, future research aims to determine the existence
of mathematical structures that help generate better theories, models, and results for on a

wider variety of applications for biological brains as well.
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