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Abstract: The study is based on information as the property of matter and its evolution from
chemical to digital information. Consequences of these forms of information include molecular,
modular, cellular, non-human, and human individual interactions, as well as human-machine
interaction, and the formation of corresponding modules through self-organizing selective
processes. The function of modular structures is decision-making and is analogous to the behavior
of an intelligent agent. The evolutionary modular model is proposed based on the interaction of
evolutionary factors (matter, energy, information, self-organization, natural selection, and
heritability) among themselves and with the arrow of time. In conclusion, we realize that the essence
of the evolution of living organisms is modular evolution. Modules through which the survival and
reproduction of living organisms is ensured, are formed by two basic molecular processes, which
are molecular recognition or information and modular self-organization.
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1. Introduction

In the scientific opinion, it is accepted that concepts of information based on the technique of
signal transmission or entropy, interactions, and self-organizing selective processes during which
modules are formed in the living world as intelligent agents or Maxwell's demons cannot be
explained.

In two previous studies [1,2], the idea that information is a property of matter [3], is material [4—
6], is the ability to organize and interact with matter [7], information nourishes evolution [8], has
genetic and non-genetic nature [9], interactions are a consequence of information [10] has been
supported.

Perhaps, even Ch. Adami's definition [11] that information is the ability to make predictions
better than expected by chance can be translated as the ability to explain why two or more elements
of a community are more often found together than expected by chance. Also, the concept of
information from the structural and symbolic division [12] implies its material origin. In these studies,
it has been highlighted through a mental experiment that modules behave like demons of information
as a property of matter from which they are composed.

Furthermore, it has been demonstrated that an evolutionary tree can be constructed based on
the formats of information from which various types of interactions have emerged. From all these
interactions, the components of living organisms are formed, meaning those modules that ensure
their survival and reproduction [13].

In this context, a fundamental problem arises for the study at hand. It is accepted that the life of
every living organism is a permanent chain of decisions and actions resulting from these decisions
[14]. This means that the function of each module is a decision-making process linked to an action,
and the action itself is another decision-making process. In each link of this chain, a function appears.
The probability of performing this function, converted into bits, is called semantic information
[1,2,15]. Hence, semantic information arises from the interactions between modules and the
environment. As a result, the behavior of each module can and should be the behavior of an
intelligent agent.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Has it not been accepted, for four decades now, that to live means to know [16]?

Finally, it is proposed that the factors of evolution are those that participate in or affect the
formation of modules. Such factors include matter, energy, information, self-organization, natural
selection, and heritability. Based on the interaction among these evolutionary factors and the arrow
of time, the modular evolution model is constructed from the discussion of which several interesting
problems arise.

2. The Structure of the Module Arises from Information

It is argued that meaning is usage [17]. I believe a more accurate perspective is that meaning is
a function: something is used when its function is recognized because the function occurs before the
usage. Equally accurate is the notion that the structure arises from information, and not the structure
arises from usage [17]. We discuss these two aphorisms about the concept of the module in living
organisms. When conceptualizing a module as a system, we refer to its definition [18]: a system is a
community of elements that interact with one another. This definition lays the groundwork for
solving the problem of what elements of a system interact with each other. For example, what does
an enzyme do to recognize a substrate, or what does a substrate do to recognize an enzyme?
Certainly, there is recognition, and for this recognition, chemists publish a specialized journal titled
"Molecular Recognition”. Thus, we must accept that the structure of the module is born primarily
from molecular recognition, meaning from information. Rightfully so, molecular recognition and
self-organization are considered two main characteristics of molecules [19]. It is a well-known idea
that a module can and should be analyzed, on one hand, as a structure and, on the other hand, as a
function [20].

From the structural perspective, a module is a community of molecules, cellular elements or
cells, individuals of the same species, or individuals of different species, whose interactions perform
a function or form an effector that executes a function [2]. Let us analyze a molecular community,
such as a group of ATP or GTP molecules. Both molecules are considered universal energy coins.
During evolution, they specialized in two directions. In cells that use more energy, ATP molecules
have an advantage because their formation has a lower cost, whereas in cells specialized for signaling,
GTP molecules are mainly used, even though the latter has a higher formation cost due to the G-C
binding having three hydrogen bonds compared to the two in A-T and A-U bindings.

In a previous study [15], it has been shown that genes are also modules, specifically genetic
modules. What is the structure of genetic or epigenetic modules? I do not think the structure of
genetic modules can be identified solely by a fragment of nucleic acids. The same can be said for
complex neural modules often identified with the term "memes" by R. Dawkins [21]. If genes and
memes are modules with effector chemical modules such as the groups of ATP and DTP molecules
or as the function of an allosteric enzyme, they are considered modules without effectors [2].

What we know today about the structure of modules is that their formation is a result of self-
organizing processes [12,20,22-24]. By self-organization, we imply the interactions of elements at the
lowest level of a system, from which emerges a global behavior at the highest level of this system
[25]. From this perspective, the question arises of how the function of the module manifests in a way
that acts as an intelligent agent and why modules are real intelligent agents.

3. Module as an Intelligent Agent or Decision-Maker

Today, scientific thought supports the idea that modules in the living world are formed by self-
organizing processes or more precisely by self-organizing selective processes. From this, we can write
that modules are formed through self-organization, where the term "module" (M) implies the term
"self-organization” (SO). About a decade ago, in a study [26], it was argued that self-organization,
which, as mentioned above, arises from self-organizing processes, is a process similar to human
decision-making. According to these authors, the similarity in words is the result of using the same
mathematical formulation belonging to probabilistic methods:

- Self-organization is the process of evaluating the probabilities of states in a system in search of
a more thermodynamically stable state.
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- Decision-making is the process of evaluating alternatives (states) of decision-making in search
of the most stable preferential alternative.

From these claims, we conclude that self-organization can be considered decision-making (SO is
DM), and decision-making can be considered self-organization (DM is SO). If the axiom of transitivity
is to be used, we can assume that when the formation of modules (D) implies self-organization (SO)
and self-organization implies decision-making (DM), then the formation of modules (D) can be
considered decision-making (DM). It should be emphasized that decision-making is much more
complex: several agents are involved in a decision. Thus, it remains to be accepted that each module
is formed and behaves as an intelligent agent. As an intelligent agent, the module is defined in the
functional perspective:

A module, much like an intelligent agent (A) perceives and stores information about the object
(O) it needs to act upon, which we metaphorically call a lock. Thus, based on this information, the
agent forms the effector (E), meaning the entirety that opens/unlocks the lock and in this way, the
necessary function is performed. It should be emphasized that the formation of each module is not
only a self-organizing process but also a selective one, and as such, the module does not always
behave as a decision-maker or an intelligent agent.

In the first stage, intramodular selection occurs, meaning within the structure of the module,
and in the second stage, intermodular selection occurs when the module interacts with other modules
or with the environment. From this, we conclude that the classical variation-selection dyad [27] can
be replaced by the dyad of intra and intermodular selection, which is in support of the idea of the
marriage of self-organization with natural selection [28]. Before explaining the behavior of modules
as intelligent agents, it is necessary to conceptualize these modules as real, not imaginary demons,
from whose behavior semantic information is created.

4. Modules Are Real Demons: Definition of Information

As mentioned in the introduction to this study, the factor that makes what E. Schrodinger [29]
calls organized matter possible is information as property of this matter. Accepting the idea that
information is a property of matter undermines the concept that information in a system comes from
the outside [30,31]. Let's look at Figure 1 where in a container divided into two parts, there are two
molecules, one red and the other green. In placing the molecules in a container with two partitions,
an observer distinguishes four microstates (Figure 1).

a.

o‘o O‘O

e O
X

Figure 1. Four microstates of two molecules (red and green) in a container divided into two parts (a)
and two states (b) (According to [30]).

Let's assume that the two molecules are the enzyme and its substrate. As a result, they bind
together in the region of their steric or chemical information (Figure 1b), and the observer discerns
only two microstates. We also assume that due to a physical barrier, the enzyme-substrate aggregate
does not pass into the neighboring compartment of the container. After a while, the observer notices
several microstates because a container separation can be formed by one or more aggregates. Above
all, it is expected to find a group of molecules formed in a corner of each compartment without the
intervention of the imaginary demon.
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The factor that produces organized matter must be sought within the matter itself and not
outside it or the container. The two halves of a container are different because the information is a
change that makes a difference [32], or because something becomes a source of information when it
is present in two or more states [33]. From here, we formulate the definition of interaction
information: The information of interaction is the property of the constituent elements of material
and non-material systems that enables their interaction both within and between systems. This
interaction forms the structure of modules that function as intelligent agents. Below, we will attempt
to argue this definition even further.

5. Modular Thinking and Modular Biology

Modules, just like coins, have two sides. On one side is the structure, and on the other is the
function. Above, the definition of the module has been given in terms of both structure and function
and now we need to understand and explain the origin and nature of the module simultaneously as
both structure and function. Thinking about the module as both structure and function is like
thinking popularly [34], thinking in terms of trees [35], selection thinking and is called modular
thinking.

In this article, we will try to explain modular thinking through the main types of modules
formed in every living organism, including humans, language, and human society.

In Figure 2, marked with the letter A are indicated the agents that perceive and store information
about a stimulus that the module must react to or about a task that the module must fulfill, which are
marked with the letter O, and metaphorically called the lock. Based on this information, effectors or
corresponding keys, marked with the letter E, are formed to perform the appropriate function.

A A A
gene b meme thought
a) ) 0)
o E (o) E (o) E
lactose lactase face x motor neuron things words
A A A
. the the
subject modulome modulome
d) e) of the f) of species
individual
(¢} E (o) E fo) E
object verb individuals effectors population individuals

Figure 2. Modules as functional units.

In contrast to the classical concept of information, the value of the semantic information of a
module is not discrete, meaning either 0 or 1, but fluctuates according to the probability of the
function's execution with the value pi.

If the probability of the execution of the function, pi, is less than or equal to 0.5, the semantic
information (Is) is calculated using the formula: Is=log: pi (1)

If pi is greater than 0.5, then this formula is used: Is=1+(1-log: pi)

We cannot overlook the fact that the non-discrete nature, non-deterministic, and dependent on
semantic information, resembles quantum information [36]. Just like quantum thinking is like
modular thinking. However, this is an observation that requires special attention.

In Figure 2a, a genetic module is presented in which the agent (A) carries information about a
DNA segment, meaning it is a gene, for example, a gene that breaks down lactose. In contrast, lactase,
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as the gene's product, is an effector (E), the key that opens the lock, which breaks down lactose (O),
and the necessary function is performed.

The analogy often drawn between genes and memes is in their common nature as intelligent
agents (Figure 2a and 2b). Let us recall the concept of the mental model formulated about eight
decades ago [37] that the mental model is an internal representation of the external reality. From this
concept, it has been concluded that DNA is also an internal representation of external reality [38].

In a sentence, the subject is called the agent (Figure 2b). Humans produce and understand
language because, before acting or undergoing an action, they recognize the object and react with
effectors (verbs) solely based on the information gathered from this object [1].

The concept of modulome is equally interesting as it replaces not only the agent as information
but also the genome. By modulome, we understand the information of a cell, individual, species, or
human community in which DNA is a part of the general information. It is not difficult to understand
that the effectors of an individual, species, or human community are respectively the modules,
individuals, and institutions (Figure 2), while modulome is a community of intelligent agents.

The common nature of modules as intelligent agents also has unique aspects that need to be
discussed. Thus, the naming of different forms of information is based on semantic information. For
instance, the structure of the genetic module is formed by the chemical information of interaction.
According to this concept, processes like duplication, transcription, translation, etc., do not contain
genetic or epigenetic information. It is considered genetic information only when the effector is
formed as the product of a gene. Similarly, it is considered cellular information when an effector is
formed through cellular interactions. Naturally, chemical, genetic, and epigenetic information are
included in cellular information because, as mentioned below, both information and the respective
modules have a hierarchical nature.

6. The Tree of Life Is Based on the Formats of Interaction Information

The construction of the Tree of Life is based on the principle of common descent, and from here,
it follows that the increase in the complexity of living organisms is the result of a series of major
evolutionary transformations. According to the well-known evolutionists J. Maynard — Smith and E.
Szathmary [13], these transitions involve changes in how information is stored and transmitted.

The Tree of Life is based on the types of information, the types of interactions that cause these
forms, and the modules they form (Figure 3).
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Figure 3. Tree of Life, the construction of which is based on the types of interactions, information
formats, and corresponding modules.
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These modules in the Hutchinsonian niche space perform their respective tasks to ensure
survival and reproduction in different periods of the evolution of life. It is emphasized that life
processes performed through modules form a continuous chain of decision-making and actions
resulting from this decision-making: decision-making / decision decision-making / decision...[14].

In this figure, it is shown that the types of information that appear in the living world, as well as
the matter itself, have their roots in the primordial nucleosynthesis of H and He. This line is divided
into three types of interactions: A1 (modular interactions), A2 (individual non-human interactions),
and A3 (chemical-genetic interactions). Modular interactions occur from all types of information
interaction, and all these interactions create a unique form of information called semantic
information. Simultaneously, with the emergence of the first living organisms, some types of
information appear, such as species information (A2.1), endosymbiotic (A2.2), coevolutionary (A2.3),
and holobiontic (A2.4), which enable interactions between individuals of the same species and
individuals of different species (A2) by forming corresponding modules.

Chemical-genetic molecular interactions are the result of chemical, genetic, and epigenetic
information, which form respective modules with the same name (A3). Around two billion years ago,
cell interactions (A4) began, which are the result of somatic cell information (multicellularity, A4.1),
sexual cell information (sexual reproduction, A4.2), and neural cell information (birth of the nervous
system, A4.3). Simple neuro-endocrine and complex neural modules were formed from neural cell
information (A4.3), and complex modules, such as cognitive modules, and individual human
interactions (A5), were born. The birth of human interactions, communication, and language learning
marked the emergence of the Cognitive Revolution, about 70,000 years ago [39].

The development of language and learning through language has been influenced by
information from mirror neurons (A5.1), linguistic information (A5.2), and social, cultural, and
linguistic information (A5.3). These factors have led to the formation of gesture modules, word, and
sentence modules, as well as complex social-cultural and linguistic modules.

Scientific opinion must answer the question of whether humanity is currently living in the
Second Cognitive Revolution, and consequently, it is involved in its sixth interaction, the human-
machine interaction. I am convinced that humanity is on the verge of this interaction caused by digital
information, and perhaps quantum information will also be added to this information not too far in
the future. On the other hand, some other issues should be discussed, among which four of them are
mentioned:

Firstly, the table diagram of Figure 3 cannot be considered a "tree," and we consider this fact as
positive. Perhaps in the future, this type of tree could be divided into columns and rows similar to
those of the periodic table of elements, and the systematics of the future might be based on modules
and modular networks. Secondly, Figure 3 shows that species have appeared simultaneously with
the emergence of life (A2.1) and can be considered modules. On the other hand, it is shown that
throughout evolution, but especially in the first living organisms, collective evolution has always
been present [40], as evidenced by the formation of modules among individuals of different species
(endosymbiotic, coevolutionary, and holobiontic modules) and the fact that horizontal gene transfer
is a normal phenomenon in evolution.

Thirdly, we propose that the emergence of cultural inheritance as a second system of inheritance
is linked to the appearance of mirror neurons because, just as a DNA sequence forms another
sequence (molecular replication), the same module is formed in both the one making a gesture and
in the one observing this gesture (individual replication) [41]. Thus, the formation of gesture modules
has been a prerequisite for the formation of word modules, sentence modules, and social, cultural,
and linguistic modules.

Finally, the concept of information as a property of matter excludes such thoughts in the field of
biosemiotics that coding rules are not dictated by laws of the physical and chemical world [42] that
plants can use signs (icons, indices, or symbols) to communicate between them [43] that structure
arises from usage and not from information or that meaning is usage and not function [17] etc.
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7. The Model of Modular Evolution

7.1. Module Description

The model of modular evolution is constructed based on the connections between evolutionary
factors and the arrow of time among them (Figure 4).
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Figure 4. The evolutionary modular model: energy (E), matter (m), information (i), natural selection
(ns), self-organization (so), and heritability (h?).

In Figure 4 the value of evolutionary factors (E, m, so, sn, i, and h?), ranging from 0 to 1, indicates
the direction of the arrow in the four quadrants of the square and on its diagonal, simultaneously
representing time and the sum of the values of semantic information of all modules within a taxon.

The position of each taxon is a point on the arrow of time or the diagonal representing semantic
information. The essence of the model lies in the connections between the factors and with the arrow
of time. For example, the value of energy is the mass converted into energy, and energy and mass are
represented in the model as complementary magnitudes.

Similarly, it is implied that energy and information increase along the arrow of time. The
interpretation of the relationships is more complex between self-organization (so), natural selection
(sn), and heritability (h?). Heritability is a statistical concept that indicates how many variations in
traits or variations in the expression of semantic information are attributed to variations in the forms
of information exchange, and how many of them are "noise" dictated by the nonlinear dynamics in
the process of module formation.

Self-organization (so) is expressed as the percentage of formed modules, while natural selection
(sn) is expressed as the percentage of eliminated modules. Next, we will attempt to argue how the
value of heritability (h?) and natural selection (sn) decreases over time.

7.2. Information Is Not Matter But One of Its Properties

In Figure 4 with the letter X on the diagonal of the square representing both time and the value
of information, the hypothetical taxon's position is indicated.

Assuming life originated four billion years ago, taxon X in our model belongs approximately to
that group of living organisms that appeared around a billion years ago, including the first
multicellular organisms, sexually reproducing organisms, and those equipped with a simple nervous
system. If we draw a perpendicular line from point X to the side/edge in Figure 4, we obtain the right-
angled triangle OXe, where OX is the hypotenuse, Xe is the cathetus with a value of "so," and the
other cathetus eO has a value equal to the mass converted into energy.

From here we can write: i2 = €2 + 502 (1)

Formula 1 shows that the squared information of taxon X is equal to the squared sum of energy
and the squared number of modules formed. The fact that information is a larger quantity than
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energy (Formula 1) does not support the idea of the equivalence of matter, energy, and information
[44,45]. Also, the lack of this equivalence does not support the notion that information has "mass,"
that it is a "pure form of matter," a physical unit [44,45], a special state of matter [46], even though it
is true that information is present in every particle [45], and this permanent presence in the matter is
information as its property. Naturally, just like matter and energy, information has evolved to the
extent that its highest form is now immaterial information.

7.3. Evolutionary Factors: e = m-i

P. Lherminier [31] has put forth the interesting idea that "each species is a unique solution to the
equation that balances energy/matter expenditures with the gain of information (i)." In Figure 3, the
position of each species is any point on the diagonal and indicates that the value of semantic
information (i) increases simultaneously with the energy used as mass converted into energy (e) but
decreases the mass of unconverted matter (m). This means that information (i) and mass converted
into energy (e), which is the expenditure or use of energy, increase in parallel, but matter as
unconverted mass (m) decreases.

On the other hand, with the increase in self-organizing selection processes (so) or the increase in
the number of modules, the mass of unconverted matter decreases.

Comments of this nature are evident from the graphical representation of the modular evolution
model. What needs to be emphasized in this model is the fact that the factors or forces that enable
evolution must be sought in the energy-matter and information relationships. This is also illustrated
by the equation e = m-i.

Of course, this fact does not dismiss the idea that natural selection, mutations, migrations, and
genetic drift are factors in evolution. However, it should be emphasized that these factors change the
genetic composition of the population, leading to microevolutionary processes, but this is not a sure
proof that these changes are automatically responsible for macroevolutionary processes such as the
formation of species.

The proposed model is an attempt to show that the formation of species is linked to the
transformations of matter/energy under the pressure of semantic information arising from the
decision-making functions of modules as intelligent agents.

From here, it follows that the so-called functional information law [47] applies only to living
systems. E. Zuckerkandl and L. Pauling [48] were the first to note that genetic distances between
taxons can be converted into absolute geological time. In the evolution model, absolute geological
time is represented by the arrow of time that runs parallel to the increase in information.

Let's assume that the population of a hypothetical species, for its parameter values, has the
position x on the arrow of time (Figure 4). This position corresponds to the concept that each species
is a field of recombination of a group of individuals where only the connections between the groups
create a stable relationship between energy/matter expenses and information gain [31]. By drawing
a perpendicular line from point x to the four sides of the square, similar triangles xAB and XA'B' are

obtained.
Based on the similarity of the triangles xAB and xA'B', we can write:
AB/A'B' = xB/xB'=xA/ xA' 1)
or e/m = ip/if(to/t1) = s/he) (2)

We acknowledge that the ip/if ratio, which represents the amount of information before the
population of type x is formed (ip) compared to the amount of information after the formation of
population x until today (if), remains constant. This constant characterizes populations of type x and
has an i value. Such a constant exists for every other type of living world.

ip/if=1i @)
As a result, we can write:

e/m=1iand e=m-1 (4)
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The similarity of the equation e = m-i with the famous formula E=mc? is evident but is this
similarity essential or just an intellectual game (!?) The problem is to be discussed. However, let's
continue with our idea. We can replace the ratio ip/if with the ratio to/t1 because the diagonal also
represents time in years. Thus, to represents the time elapsed from the birth of population x, and t:
represents the time elapsed from the birth of population x to the present. Let's assume that life
originated approximately four billion years ago, and the first fossil of a living organism belongs to an
age of 3.8 billion years, meaning t0 = 200,000,000 and t: = 3,800,000,000.

From this data, we can calculate the value of coefficient i because:

ip/if = to/t1 =1
i=200 000 000/ 3 800 000 000 = 0,05

We calculate the coefficient i for humans, where t1 = 200,000 years (the time when modern
humans appeared) and to = 4,000,000,000 - 200,000 = 3,999,800,000 is the time before the appearance
of humans.

Therefore: to/t1 = 3,999,800,000 / 200,000 =i = 19,999 or 20,000.

The replacement of the coefficient i specifically for the first living fossils (i = 0.05) and for humans
(i=19,999) in the formula e = m-i shows that for the same mass (m), humans possess an energy
quantity many times larger. In other words, throughout evolution, more and more work are
accomplished with a smaller mass because evolution is the process of energizing the mass of living
systems through the increase in the number of modules or modularization of mass, as well as the
increase in semantic, functional, or modular information.

On the other hand, almost a century ago, L. Lapicque [49] found that for the excitation of
invertebrate muscles like Aplysia, 703 ergs are needed, while for vertebrates like Rana esculenta, 518
ergs are required. From this, A.T. Pol [50] concluded that during evolution, the quality of information
increases as a force of interaction and reorganization of matter, and energy use is minimized. This
means that more evolved organisms use less energy for the same work, but their use is more efficient.

Regardless of the incorrect concept of predatory information, according to which living systems
"seize" information from the outside and not that information is a property of the matter they are
composed of, P. Lherminier [31] has given an interesting idea when he writes that "each species is a
unique solution to the equation that balances material/energy expenditures with information gain."
The formula e = m-i is the equation that shows how matter/energy expenditures are balanced with
information gain in every world living species. As a result, the author's thought supports the modular
evolution model and vice versa. However, we emphasize once again that individuals within a species
should not be labeled as predators and victims, as P. Lherminier [31] writes, because, above all,
interaction occurs between them based on the information they possess.

Another interesting connection worth discussing is the relationship of inheritance or heritability,
as described earlier as an evolution factor. The heritability coefficient (h) reduction is explained by
the increased number of neural modules and their role in higher organisms. Furthermore, the
presence and role of these modules also explain the low level of selective pressure (sn).

The equation e = m-i reflects the connections between evolution factors over time from the
emergence of life, during which interactions based primarily on information have occurred and
continue. In contrast, the equation E = m.c? explains the energy/matter equivalence since the time of
the Big Bang when interactions were mainly based on force.

The fact that during the formation of a helium atom from four hydrogen atoms, 0.774% of the
mass of the hydrogen atoms is lost suggests that the electromagnetic origin of mass might not cause
this loss. Like biological and chemical evolution, energy growth is balanced by a mass reduction
through the interaction of information, which acts as a complementary component of this process
(Figure 4). From this, it can be accepted that the peaks of chemical and biological evolution are heavy
elements like uranium and higher animals, with humans at the forefront, possessing a very high
energy potential.

The inventory of nature and everything humans create is formed over time due to the interaction
of matter, energy, and information. This is why these universal parameters are considered the basic
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factors of chemical evolution, the origin of life, biological evolution, and socio-cultural and linguistic
evolution. From the interaction between these three parameters, three other factors of evolution
emerged simultaneously: self-organization, natural selection, and heredity. The modular evolution
model helps us explain simultaneously the interconnections over time of all evolutionary factors.

It's worth noting that the Book of Life is not just the DNA molecule but also all the different
types of information interactions with the corresponding modules mentioned above. Thus, the
difference between chimpanzees and modern humans should not be sought in their DNA sequences
but in the fact that humans are an energetic paradox [51]. This is why we consider evolution a process
of modularization and energization of living systems through the interaction of information. In
simpler terms, evolution is the acquisition and growth of information from which, over time, more
numerous and complex modules are formed. Such evolution is modular evolution.

The idea that embryonic development is not solely governed by the genetic community is
correct, but it does not mean that their absence is compensated for by spatial-temporal conditions
[52]. Below, it will be shown that modularity and self-organization in living organisms are
consequences of information. In a recent study [53], the issue of purpose in living organisms is
discussed. According to these authors, directed purpose depends on persistence, meaning the
continuous presence over time of a function or an adaptation, as well as plasticity, which, in our
opinion, also involves persistence.

Their formula for calculating persistence (P) is:

P=GN _R 1-R where:

G represents the number of successful moves; N represents the total number of moves, and R
represents a successful move that could also occur by chance. The value derived from this formula is
almost the same as that used to measure the amount of semantic (Is) modular or functional
information: Is= log: pi ) pl, and Is= 1+ (1-log pi) This fact supports the idea that persistence,
dependent on the directed purpose of living organisms, is the value of semantic information. It can
also be said that the birth of semantic information as the interaction of a module with the environment
or other modules is the birth of a directed purpose.

From this, it follows that the birth of a purpose from a modular function occurs in every module
of living organisms because all types of modules are valid for survival and reproduction. Hence, we
should dismiss the notion that biologists sin when accepting function and meaningful information in
every module.
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