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Abstract

We compare the selected characteristics and physical parameters of two types of systems capable
of intelligent behavior: biological brains and semiconductor computing systems. We analyze their
limitations and potential for further development. We then reflect on the creative thinking and
capabilities of both approaches and present a cybernetic perspective on brain function and the
hypothesis of consciousness in the brain. Next, an analogy between consciousness in the biological
brain and potential consciousness in a human-made machine is discussed. Finally, we offer a brief
prediction of the consequences of the emergence and existence of these phenomena for the human
population.
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Introduction

Humanity has long considered the potential of machines to behave intelligently, or "think" like
humans. This is one reason why today's intelligent machines and artificial intelligence (Al) are
inspired by both the architecture and functionality of the biological brain. Artificial neural networks
and machine learning algorithms are rapidly improving and reducing the remaining lead that humans
currently have over machines. In some areas, current Al already surpasses human capabilities. In
this article, we will describe the technological differences between natural and artificial intelligence
and highlight its implications. In the second part of this article, we will briefly explain some of the
limitations of technologies on both biological and semiconductor platforms. The latter is currently
primarily based on an analogy with networks of interconnected biological neurons. We will then
attempt to predict the direction Al technology will take. In the third part, we will briefly consider
the question of machine creativity. Subsequently, in the fourth part, a cybernetic perspective on
human consciousness will be presented, along with an analogy to potential consciousness in a
machine. Finally, we will conclude by reflecting on the near-term consequences of these questions
for human population development and the possibilities for regulating this process.

The Physical Limits of the Brain and Al

The human brain contains approximately 86 billion neurons, which are interconnected by
roughly 150 trillion synapses [1-3]. Brain activity is physically realized by the electrochemical
transmission of electric charge within neurons. The speed of electrical charge movement in neurons
is less than 200 m/s. During intense brain activity or in a specific brain region, it generates impulses
at frequencies up to 200 Hz. Conversely, during low activity, the frequency drops to a few Hz
or even less. During prolonged activity, the brain becomes exhausted and must regenerate. Its
activity is also influenced by the chemical properties of the environment, which depend on diet,
medications, drugs, alcohol, stress, and other factors. The power consumption of the human brain
ranges from 10 to 20 W.
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In contrast, a computer's semiconductor microprocessor operates
at signal speeds close to the speed of light, which is 5-6 orders of
magnitude faster, and at frequencies in the GHz range. A computer's
operation is not affected by fatigue or chemical environmental
factors; only certain physical interactions (e.g., electromagnetic
radiation) and the power supply affect it. Power consumption
depends on the size of the Al task. Estimates of energy consumption
for training a large language model (LLM) such as ChatGPT-4
[10,11] or Llama 3 [12,13] range from 500 to 50,000 MWh,
which is roughly equivalent to the annual energy consumption of
1,000 typical houscholds (EU/US). However, these values are only
third-party estimates and imprecise. The actual values have not been
published yet. Thousands of graphics processing units (GPUs) work
for several months to train the LLM model. The goal of training is
to find the values of all LLM trainable parameters (in the case of
ChatGPT, there are 1.7 trillion of them) so that the model can later
respond to requests from all connected users [4-6]. Let us recall that
the human brain has 150 trillion synapses (equivalent to trainable
parameters). Training an adult human brain requires upbringing
and education for, say, 25 years, which, at 20 W of brain power
consumption, requires approximately 4 MWh of energy.

The situation is different when a pre-trained LLM model is used.
Responding to a single user prompt requires about 0.3-3 Wh of
energy, which is equivalent to 1-10 minutes of a standard 20 LED
bulb burning or 10 minutes of brain activity. Generating an image
using Al requires up to 50 Wh, which corresponds to 2.7 hours of a
light bulb burning or brain activity. A single Google search consumes
0.3 Wh. This indicates that the energy consumption of today’s Al
technologies is significantly higher than that of the human brain.
All the data mentioned above relates to the use of conventional
digital technology in conjunction with GPU processors. To meet
the global demand from a growing number of users secking to
solve Al tasks, it is necessary to build an Al infrastructure with
enormous computational capacity, which consumes vast amounts
of electricity. It should be noted that other technologies are also
under development, so-called neuromorphic technologies, which
are not based on conventional digital technologies (such as
microprocessors or GPUs) or software simulation of neurons, but
instead integrate equivalents of biological neurons interconnected
into networks onto semiconductor chips with a higher degree of
similarity to the brain. Currently, chips with millions of neurons are
under development and in production, with power consumption
several orders of magnitude lower than that of conventional digital
technologies. A well-known example of such a computer is Hala
Point (IBM), featuring 1.15 billion neurons, 128 billion synapses,
and a power consumption of 2,600 W [7].

Based on the parameters outlined above, biological brains
currently operate significantly more efficiently than digital AL
They have a higher neuron density per unit volume but process
information much more slowly. Another fundamental limitation of
brains is that they cannot increase the number of neurons. They
are limited by the volume acquired through evolution, which is
constrained by the skull's volume. In contrast, Al technologies
are practically infinitely scalable to larger clusters in terms of both
computational power and memory size, and they have immediate
access to unlimited sources of current knowledge and data on the
network. It follows from the above that, in the future, the human
brain will be increasingly unable to compete with Al machines in
terms of computational power.

Machine Creativity

Despite the growing computational power of machines, their
current creativity remains a subject of debate. However, first, let us
define what we mean by creativity for our purposes: In simple terms
it is the ability to create something new, previously non-existent,
and original. It is the ability to generate new ideas and solutions. In
the creative process, authors draw on their knowledge, experience,
imagination, and other abilities [8,9].

The operating principle of today's LLMs is based on statistical
processing of large amounts of data. This can be illustrated very
simply with the following example. When a user enters a query
into a chatbot with an LLM, it is sent to a remote computing
infrastructure, which searches a massive archive for an appropriate
response, formulates it, and sends it back to the user. Since
computational power is high and there is a lot of training data (due
to existing, similar human-created solutions), the output is generated
quickly. However, if a similar solution has not yet appeared and no
one has published it, the correct solution will not be provided. Only
a fabricated solution (a hallucination) will be produced, because
the language model cannot say that it does not know the answer
to a given question. It is based on a massive (deep) artificial neural
network that processes training data statistically. It always searches
for and generates the most likely solution.

In contrast, if we entrust a group of creative people (scientists,
engineers, etc.) with a task that no one has yet accomplished, they
will generally find a new solution after some time. This is because
they understand a specific problem domain, possess imagination,
and can improvise. Human creativity has a different foundation
than LLM. Humans spend their entire lives learning to understand
the world, grasping the essence of objects and phenomena, their
causal relationships, and their own relationship to them. They use
these skills to create mechanisms to find new solutions (reasoning,
imagination, optimization).

An interesting question now is why a machine does not possess
such creativity, or whether it will be able to possess it in the future. The
field of Al is developing very rapidly. The models used are becoming
increasingly complex and are already more capable of abstract
thinking. We can expect that soon there will be a breakthrough in
architecture or model training that will enable the development of
true creativity. Human creativity results from complex interactions
in the brain. If we can create Al that operates on similar principles,
it might be capable of a similar kind of creativity.

Some believe that true creativity is deeply intertwined with our
desires, needs, emotions, and conscious intent. We strive to express
an idea, solve a problem, bring something new into the world, or
express the joy of creation. These internal motivations are deeply
rooted in our existence as biological and social beings. Current
Al lacks these qualities for now. Al learns from existing data. It
is questionable whether it can truly transcend these boundaries
and create something radically new, something that was not even
implicitly present in the training data. Today, Al systems do not have
their own autonomous goals. Their goals are defined by the people
who created and trained them. The machine's motivation is hidden
in a mathematical function (the objective function) that guides it to
produce outputs that best match the training data and the specified
requirements. There is no inner desire or intention of its own behind
this. If we wanted a machine to be truly creative - that is, driven by
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its own goals - we would have to resolve several important questions:
How would these goals arise? Would humans program them, or
would we expect them to evolve autonomously? What would
motivate these agents, needs, emotions, or even consciousness? If so,
how would we enable their emergence? Moreover, should we even
do that? There are many questions for which answers are currently
being sought. Although today's LLMs achieve remarkable results on
many tasks, they still lack "common sense," causal reasoning, and
the ability to flexibly apply knowledge to new, unforeseen situations
- which are supposed to be key features of future Artificial General
Intelligence (AGI) [14,15].

Future Al is likely heading toward the agent-based approach to
Al, which actively interacts with the real world (Figure 1). The
essence of this is to enable Al models to function not merely as one-
off on-demand (prompt) content generators, but as autonomous
systems — agents, capable of continuously perceiving the world
on their own, seeking solutions, making decisions, planning, and
performing actions in the external world to achieve a specific goal,
and even learning from all of this. New Al models will likely utilize
a combination of LLM functionality with other approaches. Al
hardware will become increasingly powerful, but it should also be
less energy-intensive, smaller, and more compact. Al algorithms will
be embedded in smaller, portable, and autonomous (not necessarily
on-line connected) devices (such as robots, appliances, and drones).
Moreover, finally, there is the challenging requirement of true
creativity and true independence of the intelligent machine. If we
want to achieve this, we will need to find a way to create something
akin to the machine’s internal motivation and its own goals. Or
perhaps even a certain form of consciousness within the machine?

Human Consciousness vs. Machine Consciousness

The question of consciousness is a long-standing and frequently
debated topic in science. It has engaged scientists in areas such as
philosophy and natural sciences [16], but later also computer science
and technology. It is mostly a subjective matter, difficult to measure
objectively. For this discussion, let us say that by consciousness
we mean a person's ability to perceive the world around them,
understand their relationship to the environment, their place in the
universe, and the resulting personal needs and goals. This level of
consciousness is also referred to as the capacity for self-awareness

| Brain: 10 cycles/s

(secondary, higher consciousness). The primary consciousness refers
to the ability of certain animals to perceive their environment and
distinguish between wakefulness and sleep. What all animals have
in common is that they have their own goals, each independent of
the others. Above all, this involves the effort to survive, maintain
physical integrity, secure food (energy) for life, and reproduce. In
humans, unlike most other species, we can also observe other goals,
such as ensuring the most pleasant life possible, contentment,
wealth, influence, fame, and other values. Maslow's hierarchy of
needs also addresses the hierarchy of human needs [17]. A difficule
question that has long been debated is why consciousness arose,
where it resides, what its neurological basis is, and whether and
how it can be objectively observed [18,19]. Some authors argue that
for consciousness to arise, enough neurons are required to ensure
adequate capacity for processing and storing information, along with
appropriate brain architecture, the ability to perceive the world, and
the integration of the organism into a single entity. Thus, a conscious
individual is independent of the rest of the world and of other
conscious individuals. Consciousness then arises spontaneously
through sufficiently intense communication among multiple
processing centers in the brain - thalamo-cortical loops, [20-23].

Let us now present a cybernetic perspective on consciousness.
However, first, let us introduce the concept of real-time or real-time
control. This term is used in cybernetics (the science of systems and
control) to describe a mode in which the controlled system (typically
a physical one, e.g., a robot) must respond quickly enough to all
events in its environment to perform its tasks safely and in time. It
must perform the cycle: perception — decision-making — action and
do so in sync with the environment. This entire cycle is illustrated
in Figure 1. The brain generates and sufficiently rapidly updates
complex perceptions of the environment through sensory fusion
[24], as well as perceptions of the organism’s internal state [25]; it
compares these with its own “mental model” of the world and its
own goals, makes decisions, updates the model if necessary, and
petforms actions. If it does all this quickly enough, in sync with what
is happening in the environment - that is, in real time, the state of
consciousness persists. It is estimated that our brain registers about
10 such complex environmental perceptions per second [26,27],
which is sufficient to maintain contact with reality and retain a
continuous, complex picture of it in memory.
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Figure 1. A cybernetic point of view on the model of brain function and the resulting consciousness. The brain performs this cycle about 10 times
per second. An intelligent machine can perform the same cycle many thousands of times per second.
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Now the question is: To what extent can machines also acquire
consciousness? The so-called Computational Theory of Mind [28]
states that the existence of consciousness and the mind is merely a
matter of the number and connections of neurons. Francis Crick [29]
argues that: “The human mind is merely an information-processing
machine. Computers are also information-processing machines,
and therefore, if we design the right hardware and program, it well,
we can create a mind with consciousness.” Stephen Hawking [30]
stated that "I believe there is no fundamental difference between the
capabilities of a biological brain and a computer." He also claimed
that, so far, brain research has never revealed anything inconsistent
with the laws of physics. That, so far, no supernatural part of the
brain - one that the laws of physics cannot explain - has been
identified that is responsible for our intelligence or consciousness.

We assume that the sense of self-awareness in animals and humans
is subjective and cannot be directly observed from the outside.
Therefore, we can only indirectly assume that it might eventually
arise in a machine as well. Evidence of this might be when a
machine begins to do something other than what its human creator
expected or demanded. For example, if it begins to pursue its own
goals. If we assume that the hypothesis of an intelligent machine
with consciousness can be confirmed, several questions arise: What
impacts might the existence of a super-intelligent machine with
consciousness have on the human population? What relationship
will intelligent, conscious machines have with humans? Will they
obey humans? If they are far more intelligent, why would they do so?
What value system will the machines have? Will machines exhibit
emotions, friendship, responsibility, empathy, love, hatred, or pain?
Will they impose their will at the expense of less intelligent humans?
It is difficult to predict possible scenarios; many questions remain
today.

Nevertheless, some hypothetic scenarios are discussed in [31].
It is up for debate whether we should strive to overcome these
boundaries. Higher consciousness in humans likely emerged as an
evolutionary advantage. That is why humans may seck to create a
conscious machine to gain a competitive advantage (technological,
economic, military). However, we expose ourselves to the risk of
unpredictable behavior, even threats. Al performance is increasing
exponentially, unlike human intelligence, which today, at best, is
developing slowly, if not stagnating (or even decreasing?). A machine
can perform a cycle like the one shown in Figure 1 many times faster
than a human. The level of consciousness - and probably also the
level of intelligence - in a machine will be freely scalable. Computing
power, memory size, and the number of neurons can be expanded.

Conclusion

It is already clear today that current Al can perform tasks that
require a high degree of cognitive ability and experience. Moreover,
this trend will continue. Machines will replace humans in cognitive
tasks, highly skilled tasks that involve knowledge, experience, and
big data processing, working tirelessly and at a speed far surpassing
that of humans. No single human can absorb all the knowledge in
the world and use it in a split second to solve a complex problem.
Moreover, as robotics and sensor/actuator technology advance,
machines will increasingly compete with humans, even in manual
tasks that require physical dexterity and the ability to navigate and
act within complex environments.

The important question now is how human society will respond

to such technological developments and what the future trend in
the evolution of natural intelligence will be. Human intelligence has
increased because, throughout history, humans have been forced to
solve increasingly complex problems. However, today, intelligent
machines are beginning to solve problems in place of humans,
marking a new paradigm. If humans stop solving problems, what
will that mean for the future development of our intelligence? We
know that if certain neurons are not used, they will die off. If certain
brain functions are no longer used, they will disappear. At the same
time, we are delegating more decision-making powers to machines.
Whether for our own convenience or out of competitive necessity.
Ranging from services, industry, administrative, management, to
military decisions, all the way to the power to kill other people.

If Al-powered machines remain unconscious, lacking free will and
their own goals, they will “only” become decisive tools in the hands
of one group of people to advance its interests against another group
of people. If super-intelligent machines can acquire consciousness,
further developments will be difficult to predict, and humanity may
face an existential threat [31].

Many experts who currently focus on the biological or medical
perspective on intelligence, as well as those from the fields of physics,
technology, and computer science, believe that machine intelligence
will not reach (at least in some aspects) the level of natural
intelligence. Those machines will have to be innovated, programmed,
and serviced by a living human, or have their goals set by a living
human. On the other hand, there are also many proponents of the
opposite view within all these groups of scientists. However, neither
side currently has sufficient, well-founded arguments to support
their positions. At present, it is a matter of their intuition or even
belief. Moreover, this situation will likely persist until (if ever) the
first machine demonstrates that it can surpass humans across the
entire spectrum of their capabilities. Alternatively, it/she might even
start asserting its/her own will. It/she will solve problems far beyond
human capabilities and will be able to improve and maintain itself.
It/she may even set its own goals, which may (or may not) conflict
with the goals of humanity. Moreover, all of this at a level that
humans will no longer be able to understand.

The risks and scenarios we have mentioned raise the practical
question of whether and how to prevent the negative impacts of Al
The development of Al brings significant technological, economic,
and military-political advantages to certain groups of people. Any
unilateral regulation of Al by one party will give the other party
an economic or security advantage if it does not implement those
regulations. If all relevant world powers do not agree on common
rules, unregulated competition will continue and may one day spiral
out of control. We may even create an enemy that is beyond our
collective capabilities. The problem, however, is that politicians and
statesmen, driven by economic interest groups, business leaders,
state powers or ideologies, are generally unwilling to heed scientists’
warnings [32-38]. Often, they cannot even understand them.
They are reluctant to sacrifice profit, economic growth, or a certain
slowdown in the rise of living standards at the expense of risks that
are not sufficiently relevant to them. Political decision-making is
highly inertial. Politicians face various inhibitions and commit to
more fundamental decisions, if at all, only when the situation they
were warned about has already become critical. A similar example
is the response of global authorities to the climate crisis, whose
trajectory has not yet been satisfactorily resolved.
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