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Abstract - Matter, energy, and information are inseparable, as energy and information are intrinsic properties
of matter. In this framework, energy activates matter, while in-formation enables its organization. Atoms
and molecules, as units of interaction in the non-living world, and modules, as biological and socio-cultural
units in the living world, are formed through the dyad of self-organization and selection in interaction with
matter (M), energy (E), and information (I). Based on these interactions, and in relation to time, the Modular
Evolution Model (MEM) has been developed, from which the following equations are derived: E = Mi, M =
E/i and i = E/M. The values of i in these formulas, reflect the ratio of time and information before and after an
evolutionary event, such as the emergence of a taxon. The history of matter is understood as a process of its
modularization and energization over time, during which the values of information (I), self-organization (so),
and energy (E) increase, while those of natural selection (ns), matter (M), and mass (m) decrease. Through the
interplay of interaction units and modules as intelligent agents, and through selection, stability or autonomy
is achieved. In the first stage, selection acts on the structure of interaction units and modules formed through
self-organization processes. In the second stage, selection applies to these units and modules as they interact
with the environment and with other modules, giving rise to semantic in-formation. Finally, the advantage of
Universal Modular Evolution (UME) over the Modern Synthesis (MS) and the Extended Evolutionary Synthesis
(EES) is highlighted.

Keywords - Universe; Matter; Energy; Information; Modules; Unit of interaction; Self-organization; Natural
selection; Intelligent agent; Autonomy; Universal modular evolution.

1 Introduction

When chemists frequently use the term ‘'molecular recognition’, even publishing a scientific
journal dedicated to the field, how is it that many scientists still accept only non-physical,
immaterial information, to the extent that the concept of material information suggested by
R. Landauer [1] is still under debate? Meanwhile, in biology, some problems are solved
using C.A. Shannon’s (1948) [2] negative entropy formula, especially when communicating
in-formation between the sender and receiver of signals. Rightfully, such opinions, though
not frequently, have been mentioned in scientific settings, including that of Nobel Prize Win-
ner J. M. Lehn [3] who stated that information fuels evolution; interactions are a consequence
of information [4], evolution is the growth and acquisition of information [5], semantic infor-
mation exists even in organisms without nervous systems [6], information is both concrete
and abstract [7]; there exists structural and functional information [8], information is an
attribute of matter [9] etc. We mentioned only a few authors who defined information about
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both material and non-material systems of the world.

We believe that information is a property of the elements that compose both material and
non-material systems, enabling their interaction within and between systems, and forming
the structure of modules that act as an intelligent agent [10] [11]. This definition highlights
the importance of information for system formation. When a system is defined as a set
of elements that interact with one another [12] it implies the presence of information as a
property of matter that enables interaction and the organization of matter.

Around three decades ago, T. Stonier [13] [14] wrote that just as energy is the capacity to
do work, information is the capacity to enable interaction and the organization of matter.
L. Hartwell and his colleagues [15] with the idea that the future requires research not on
individual components but on systems, introduced a notion that warned of a shift from
molecular biology to modular biology. Meanwhile, it has been increasingly acknowledged
that modularity is a general principle in living organisms [16] [17], in language [18], in
human societies [19] and so on. On the other hand, S. Kauffman [20] introduced the idea
of a “marriage” between natural selection and self-organization, from which a new order
may emerge. It was also concluded that self-organization is a process through which global
behavior emerges from the interactions of the system’s lower-level elements [21] and that
the two fundamental molecular processes are self-organization and molecular recognition
or information [22].

Recently, physicist M. Vopson [23] formulated the principle of the equivalence of matter,
energy, and information. According to this principle, information is considered the fifth
form of matter state, alongside the four classical states—solid, liquid, gas, and plasma. In
contrast, it is stated that information is non-local, does not emerge in particle form, and
therefore has no mass [24]. In conclusion, the theoretical basis of this study is supported by
the following four concepts.

e Matter is everything, but matter without energy is not active, and without information,
it cannot be organized [25]. This idea demonstrates that the three categories of the
universe are inseparable from one another.

e The nature and properties of information are physical laws that, although not intention-
ally designed, manage to perform such processes [26]. Just as in biology, everything
makes sense only in the light of evolution [27] so too does everything in the universe
find explanation only in the light of information.

e In Assembly Theory [28] [29] efforts are made to define the complexity index of an object,
which was previously mentioned in Algorithmic Theory. According to algorithmic
theory, the complexity of an object is the shortest computer program of its formation. It
is no coincidence that today the metaphor of the universe as a Giant Computer is often
used [30].

¢ In physics, information is not seen as an object but as a property of the correlations
between the elements of the system [24].

This means, as mentioned earlier in the definition of information and as I will attempt to
argue below, that this information enables the system to behave as an intelligent agent. What
we aim to argue in this study is that universal modular evolution occurs not only through
natural selection of interaction units or modules formed during self-organization processes
and influenced by other factors such as matter, energy, and information, but also through
how these modules acquire stability, autonomy, or static persistence.
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From these interactions of the factors of evolution, both among themselves and with time, the
model of universal modular evolution has been established, expressed through the formula
E = Mi.

2 Modules

2.1 Modules Are Real Demons: Definition of Information

As mentioned in the introduction to this study, the factor that makes what E. Schrodinger
[31] 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 [32,33]. 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).
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Figure 1: Four micro-states of two molecules (red and green) in a container divided into two parts (a) and two states (b) (According to
[32]).

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. 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 be-cause the information is a change
that makes a difference [34], or because something becomes a source of information when it
is present in two or more states [35]. 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 inter-action forms the structure of modules that function as intelligent agents.
Below, we will attempt to argue this definition even further.

2.2 The Structure of the Module Arises from Information

It is argued that meaning is usage [36]. 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,
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and not the structure arises from usage [36]. 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 [37]: 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 [38]. 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 func-
tion [39]. 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.

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 ad-vantage 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 [40], 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 [41]. 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 [42]. What we know today about the structure of modules is that their
formation is a result of self- organizing processes [8, 38,43, 44]. 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 [21]. From this perspective, the question
arises of how the function of the module mani-fests in a way that acts as an intelligent agent
and why modules are real intelligent agents.

2.3 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 “mod-
ule” (M) implies the term ”self-organization” (50). About a decade ago, in a study [45], 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:

e - Self-organization is the process of evaluating the probabilities of states in a system in
search of a more thermodynamically stable state.

e - 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
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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 [46] can be replaced by the dyad of intra- and inter-modular selection, which is
in support of the idea of the marriage of self-organization with natural selection [47]. 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.

2.4 Modular Thinking

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 [48], thinking in terms of trees [49], selection thinking
and is called modular thinking. Figure 2 illustrates the different types of modules belonging
to the non-living world (A); the living world (B); the word module (C).
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Figure 2: Types of Modules: Non-living world A: atom (al), hydrogen molecule module (a2), enzyme/substrate module (a3), Universe
(a4). B: Living module: genetic module (b1), organism module (b2), species module (b3). C: Immaterial world: neural module (c1), word
module (c2), society module (c3), digital module (c4).
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It should be emphasized that the behavior of modules as intelligent agents applies to
every object, both as part of nature’s inventory and as part of the list of artifacts. Therefore,
an individual from the living world, a group of individuals belonging to a species, a lan-
guage, a society, or one of its institutions, is considered a module, with the only difference
being that the agent (A) in the aforementioned modules is referred to as a modulome (M).
The modulome is the set of information possessed by an individual, a species, a language, a
society, and so on.

In the concept of the universe as a module, it is shown that there exists information (I)
according to which matter (M) can interact and organize, as well as a force, such as energy
(E), that enables these interactions and organizations. This means that since the Big Bang,
the evolution of matter has commenced, from physical-chemical and biological evolution
to cultural evolution, which, within the modular concept, is understood as a continuous
process of the modularization and energization of mat-ter.

As shown in Figure 2 (a4), the Universe, like any other module, behaves as an intelligent
agent. Consequently, the universe and all modules can and should be viewed from a function
and structure perspective. From the functional perspective, a module acts or behaves as an
intelligent agent. The probability of a module performing a given function is determined by
the information it possesses. Based on this, two formulas have been proposed for calculating
this type of information, referred to as semantic information (is). If the probability of a
module performing a function is less than or equal to 0.5, the formula used is: is = log (p),
where p is the probability of performing the function. When the probability is greater than
0.5, the formula used is: is =1 + (1 - log (p)).

Just like a coin, modules also have another side, which is their structure. From a structural
perspective, modules are composed of assemblies of molecules, macro-molecules, cells, and
cellular structures, individuals of the same species, or different species, whose interactions,
because of the interaction information with both the internal and external environment, per-
form a function or create an effector that carries out a function. This definition of modules
implies the consideration of various forms of interaction, each associated with its respective
structural information.

We consider that six forms of interaction information operate: physic-chemical interactions
(physic-chemical information); macromolecular interactions (genetic and epigenetic infor-
mation); cellular interactions (somatic, gametic, and neural cellular information); non-human
individual interactions (organismic, species-specific, and interspecies information); human
individual interactions (neuronal, mirror neuron, gestural, linguistic, social, and cultural
information); and human-machine interactions (digital information) (Fig. 2).

It is interesting to explain the similarity between the universal module and the digital mod-
ule. Just as matter in the universe is expected to modularize over time, so too the brain
is expected to modularize into immaterial modules. An example of this can be found in
the digital module, which emerges from Man-Machine Information (MMI), as an intelligent
agent.

On the other hand, we emphasize two forms of functional or semantic information that
arise from the interactions of modules, which are semantic information in both material
and immaterial forms. The analysis of modules simultaneously as structure and function
corresponds to explanations of ultimate and proximate causation, or, in other words, to the
respective answers to the questions "How” and "Why” [50].

Lastly, modular analysis corresponds with quantum thinking. Quantum thinking is the

30 https://ipipublishing.org/index.php/ipil/


https://ipipublishing.org/index.php/ipil/

Modular universal evolution

mind’s ability to analyze a phenomenon or process from two perspectives simultaneously,
just as modular thinking studies a module both as a structure and as a function. Similarly,
to the values of quantum information, the values of semantic information are neither 0 nor
1, nor deterministic or discrete. This non-discrete and non-deterministic nature is reflected
in the formulas used to compute semantic in-formation.

3 The Modular Evolution Model

3.1 Evolutionary Factors and Model Description

The study presented here does not support the idea that changes in allele frequencies within
populations, driven by natural selection, mutations, migrations, or genetic drift, play a fun-
damental role in macroevolutionary transformations, especially when addressing concepts
of universal evolution. For instance, while the role of natural selection is not questioned, its
force is not primarily manifested in the well-known variation-selection dyad, but rather in
the dyad of self-organization—selection. This reflects what S. Kauffman (1993) [20] describes
as the ‘'marriage of selection and self-organization’.

In this dyad, the action of natural selection unfolds in two stages. In the first stage, selection
operates on the structure of modules, whether they are material or immaterial systems. This
process favors those systems, i.e., those modular structures, that are thermodynamically
more stable. In the second stage, selection acts upon a specific object, which is always a
module, and upon the function carried out by that same module. It is important to em-
phasize that within the modular concept, there is no need to debate the issue of multilevel
selection [50] since modules are the only units of selection that are formed across different
levels of biological organization.

Besides natural selection and self-organization, the three other factors of evolution are the
three categories of the universe: matter, energy, and information. It is reasonable to accept
the three categories of the universe as factors of evolution, because we believe that forces
enabling the formation of modules play such a role. Moreover, when discussing evolution,
time and its arrow serve as guiding principles for all other factors involved in the formation
of modules. From the interconnections among the five factors just mentioned, and their
relationship with time, the Modular Evolution Model has been constructed (Fig. 3) [11].

In this figure, the increasing values of the factors matter (M), energy (E), information (I),
natural selection (NS), and self-organization (SO) are indicated by arrows along the four
edges of the square as well as along its diagonal. In the latter case, the arrow of time (t)
simultaneously represents the value of semantic information (I) of all modules within a ma-
terial object, both living and non-living, as well as within an immaterial or physical system.
The position of every material object and every immaterial system lies at a point along the
arrow of time or along the diagonal that represents the value of semantic information. The
model constructed as described above allows us to recognize the interconnections among
these factors along the arrow of time. Thus, the increase in energy cor-responds to an in-
crease in information and self-organization, but to a decrease in matter over time. On the
other hand, the model shows that the rise in self-organization processes (SO), which reflect
the percentage of modules formed, is accompanied by a decrease in the value of natural
selection (NS), which reflects the percentage of modules eliminated. We denote with X the
position in the arrow of time (t) of an object such as the hydrogen molecule, a gene module, a
species module, etc., or an immaterial or mental system, such as a sentence module, a natural
language module, a human society, and so on. By drawing perpendiculars from point X to
the upper and lower edges of the square, we obtain two similar triangles: XAB and XA, B.
Based on the similarity of the triangles XAB and XA, B, we can write:
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SO

B . A
E

Figure 3: The Modular Evolution Model. Energy (E), matter (M), information (I), natural selection (NS), self-organization (SO), and their
interconnections, along with the arrow of time (t).

ABJ/A'B’ = XB/XB' = XA/XA’ (1)

or EIM =1i,/if = to/t; = so/sn.

It should be noted that i, and to represent, respectively, the values of information and time
before the emergence of the module, while if and t1 represent the values of information and
time after the module has emerged. As shown in equation (1), the value of the ratio i, / if is
equal to the value of the ratio t, / t;:

i,/if =to/t; =i ()
€)

This means that, instead of the information ratio i, / iy, we can use the ratio t, / t;, which is
approximately known. For example, if life emerged around four billion years ago and that
the earliest known fossil of a living organism dates back to approximately 3.8 billion years,
we can calculate the value of i because t, = 200,000,000 and #; = 3,800,000,000; we find that i
= 200,000,000 / 3,800,000,000 = 0.05. Based on equations (1) and (2), we can write:

E/M=i (4)

or E = Mi. The similarity of this equation to Einstein’s formula is both clear and conceptually
significant.

3.2 What does the equation E = Mi indicate?

The Modular Evolution Model and the equation derived from it enable that every material
object as part of the inventory of nature and every immaterial or mental system can and
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should be interpreted in an inseparable connection of the three categories of the universe.
The advantages of the model and its associated equation are best demonstrated through
their concrete applications. Almost a century ago, L. Lapicque [51] found that the excitation
of the muscles in the mollusk Aplysia sp. requires 703 ergs of energy, whereas the excitation
of the muscles in the amphibian Rana esculenta requires 508 ergs. Thus, the energy required
for muscle excitation in the species Aplysia sp. and Rana sp. is, respectively, E Aplysia = 703
erg and E Rana = 508 erg. This means that, for the same excitation, the less-evolved mol-
lusk Aplysia must expend approximately 1.3 times more energy than the amphibian Rana.
Based on equation (2), we find that the value of i for the species Aplysia, which appeared
approximately 530 million years ago, is t, / t; = 3,470,000,000 / 530,000,000 = 6, whereas,
for the species Rana, which emerged around 350 million years ago, ¢, / t; = 3,650,000,000 /
350,000,000 = 14.

Thus, i Aplysia = 6 and i Rana = 14.

This means that the amphibian Rana, which is more evolutionarily advanced than the mol-
lusk Aplysia, uses or contains more than twice as much information.

From formula (3), where E = Mi or M = E/i we find that: M Aplysia = 703/6 = 117g and M
Rana = 518/14 = 37g. From these simple calculations, it follows that a mollusk that appeared
earlier than an amphibian needs to use more than three times the mass. This fact indicates
that, throughout evolution, a greater amount of information reduces the mass required to
perform a given function. This fact contradicts the commonly accepted equality that AM is
equal to AE, since AE = AM only when considering objects that belong approximately to the
same period and have nearly the same value as i.

Nearly a century ago, it was observed that the formation of a helium atom from four hy-
drogen atoms was accompanied by a loss of 0.744% of its mass. The author of this study
[52] attributed this phenomenon to electromagnetic origins. Perhaps the loss of mass may
be explained by the gain of information associated with the formation of chemical bonds.

If chemical evolution reached an energetic potential with heavy metals, thanks to the forma-
tion of numerous chemical bonds, biological evolution also attained this peak with humans.
This is considered an energetic paradox [53] made possible through linguistic, social, and
cultural interactions. In both forms of evolution, we observe an increase in energy and
the accumulation of information; as a result, evolution should be seen as the process of
modularization and energization of matter.

3.3 Modular autonomy

The model of modular evolution, along with formula E = Mi provides us with a conceptual
framework to recognize how the autonomy of three forms of systems can be created and
maintained across non-living material modules, living ones, and non-material or mental
modules.

It is a fact that a sentence is uttered or written only when its meaning is known in advance.
This also applies to all other modules, ranging from molecules to complex neural modules.
Thus, the action of the agent within a module emerges when three worlds are inseparably
linked: the world of the elements that constitute the matter expected to be modularized, the
world of information, and the world of effectors, which channels the energy of these elements.

In the language of mathematical theory of categories, we are dealing with a collection of
objects, namely matter, energy, and information, and a set of morphisms, which depict
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metaphorically the arrows that point to the source and the object. The composition of
morphisms in our case originates from matter as the source, and their target is the world of
information and the world of energy. We do not know the mathematical theory of categories;
hence, we are, unfortunately, deprived of a potentially correct and elegant explanation, and
are therefore compelled to seek other approaches.

Specifically, we must hypothesize that the connections or interactions between system el-
ements as modules are simultaneously a consequence of information and a cause of the
energy that forms the effectors. Such numerous systems exist, but their fate is in the hands
of natural selection. Autonomy can be attained only by those systems where information in
the form of connections for organizations matches energy in the form of those connections
that produce energy.

We mention the presence of ATP and GTP molecules in the cell environment as an example.
Both molecular types provide energy, but GIP is more “costly” due to its involvement in
three hydrogen bonds, which is offset by its specialized role in cellular regulatory processes.

We believe that this molecular behavior is not rare and that selection has made it possi-
ble to create optimal modules. Regardless of the misconception of predation (predatory
information) (!?), which suggests that living systems steal information from the outside, P.
Lherminier [54] offers an interesting perspective when he proposes that each species repre-
sents a unique solution to the equation that balances information gain with energy/mass.

This idea supports formula i = E/M because it does not comply with the equation AE = AM
of the formula E = mc?. On the other hand, it indicates that modular autonomy is attained
only when each value of i corresponds to a certain ratio E/M.

3.4 The value of i and major evolutionary transitions

Some authors [40] were the first to underline that the genetic distances between taxa can be
converted into absolute geological time. Even in formula E = Mi, the value of i represents
not only the ratio of time before and after the emergence of a taxon, but is also converted
as a ratio of information before and after the emergence of the taxon, which is reflected in
formula (2) where i,/if = ty/t; = i. Table 1 demonstrates that each evolutionary event or
transition occurring at a certain time is associated with a corresponding value of i and t.

It can be observed that the doubling, or theoretical twofold increase, of information (from 1,
2,4,8, 16, etc.) almost coincides with the values of t in the formula ¢ = ¢y/t;, where t;, and t;
represent the time before and after the occurrence of the event.

Thus, it is noted that the tempo of evolution is higher in the later stages of evolutionary
history, where the correspondence between the values of I and t is also greater. Interestingly,
the doubling of information from 1 (in eukaryotes) to 2 (in multicellular organisms) requires
a longer time interval. This fact helps explain why we should not be surprised by the Cam-
brian Explosion, since in this case as well a longer time span was necessary.
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No Evolutionary events Timeline Value of i, ideal and
factual (in parentheses)
1 The first fossils (Archaea) 4 milliards -
2 Eukarvyotic cells 2 milliards 2(1)
3 Multicellular organisms 1 milliard 4(3)
(Holozoa)
4 Cambrian explosion (Verte- 500 million 8N
brata)
5 Mammalia 250 million 16 (15)
] Flowering plants and placental 120 million 32 (26)
mamtnals
7 Haplorrhini 60 million 64 (65)
3 Catarrhini 30 million 128 (132)
9 Hominidae 15 million 256 (265)
10 Bipedalism 7.2 million 512 (532)
12 ? 4 million 1024 (994)
13 Homo erectus 2 million 2048 (1996)
14 7 1 million 4096 (3999)
15 74 500 000 8192 (7771)
16 Homo sapiens 250 000 16384 (16041)
17 Language 125 000 33768 (32007)
18 7 62 000 67536 (64505)
19 7 31 000 135072 (129030)
20 Mesolithic 16 000 270144 (245061)
21 Neolithic Revolition 8000 542288 (499991)
22 Yamnaya 4000 1 084 576 (999991)
23 Christianity 2000 2 169 152 (1999994)
24 7 1000 4320 354 (3999991)
25 European Renaissance 1500 8 640 708 (7999999)
26 Industrial Revolution 250 17 281 416 (16 399 999)
27 Postmodern period Nowadays 34 562 832

Table 1: Evolutionary events and values of i and t.

The data in Table 1 support the fact that there is no effect of geographical isolation on the rate
of speciation as well as the idea that speciation and extinction follow a scaling law, where
new taxa have a faster rate [55]. It is well known that geometric progression is characterized
by slow growth in the early stages and rapid growth in the later stages. This pattern is also
observed in the geometric series corresponding to major events in biological evolution. This
observation supports the modular evolution model in relation to time, information, energy,
and matter. From the coincidence of the doubling of the value of i with a major evolutionary
event, we can assume that a significant change in biological evolution must have occurred
between the emergence of multicellular organisms and the Cambrian Explosion (Table 1). As
shown, the theoretical and actual values of i do not align in the Cambrian Explosion, which
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remains equally unknown in nowadays paradigm. Equally significant is the consistency of
the value of “i” for events during cultural evolution. Such similarities likely occurred even
after the appearance of the genus Homo and the species within this genus.

3.5 Species are modules

Species are not merely nominal units or modules of words like natural objects and man-
made artifacts. Rather, they are biological modules, genuine functional units of nature, and
concrete living units. We evidenced this fact in the concept of the uni-verse as a module (Fig.
2) where three interacting worlds are identified: the world of information (I) concerning
matter as a world that will be modularized (M), and the world of effectors as energy (E).

In the case of species, their stability, persistence, or autonomy is achieved when the mass
value of the ancestors is equated with the energy value expressed by the descendants as
effectors. According to the formula E = Mi, this balance of the ancestors” mass with the
energy, such as the descendants of a species as effectors, is ensured by the value of i, which
represents the ratio between the amount of information before and after the emergence of
the taxon.

Thus, there is a real mass-energy equivalence, which is given in the formula E = m ¢?, but
this equivalence is ensured by information.

It is established that the value of i for each species does not change over time. The sole
species that makes an exception is Homo sapiens, and in this regard the man is considered
an energy paradox [53]. This occurs because the information about the species to which we
belong accumulates over time. Consequently, the requirements for life or our niches have
changed completely between nowadays man and those of the pre-industrial revolution, the
Neolithic period, or the earliest human populations. Variations observed between human
populations over time support the notion that information regulates and balances the mass
of an autonomous or persistent object with the energy required to sustain its stability.

The formula E = Mi helps us to explain this energetic paradox. There is a fact that today’s
energy of the human society with eight billion inhabitants has increased 115 times compared
to the energy of the human society 500 years ago, approximately during the European Re-
naissance [56].

The values of i and t are 500 years ago and today are 8640708 and 34 562 832, respectively
(Table 1).

Accepting the inhabitants” number of the respective periods (500 million and 8 billion) as a
matter, employing the formula E = mi, we find that the difference is 70 times and not 115
times. However, this fact supports the modular evolution model and the E = Mi formula
since they must account for the accumulation of errors in time estimation.

Moreover, it is interesting to point out that the only discrepancy between the theoretical
and actual value of i in Table 1 is that of 500 million years ago, where the actual value has
quadrupled.

3.6 The general meaning of the Modular Evolution Model

The modular evolution model and the formula E = Mi derived from it to illustrate how matter
undergoes modularization and energization over time, creating a conceptual framework for
us to speculate on why and when the Big Bang might occur. The widely accepted idea that
the Big Bang originated from a point of unimaginable density and heat supports the notion
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that the cause of this explosion was the uni-verse reaching a state of maximum potential
energy, similar to the position of a pendulum at its highest point. Just as the pendulum at
its peak has maximum gravitational potential energy, the universe reaches a state of extraor-
dinary potential energy when its information and energy values are at their peak, while its
matter or mass is at a minimum (Fig. 2, a4).

This is also demonstrated by the concept of the universe as a module, as shown in Fig. 2,
a4, where information (I), energy (E), and matter (M) take on the roles of intelligent agent
(A), effector (E), and object (O), respectively. As in any module, in this case, energy, as
the effector of the universe, is considered a key shaped by the in-formation gathered about
matter, which acts as the lock. The action performed, which leads to the creation of a phys-
ical entity like a hydrogen molecule or a function like that of a genetic module, reflects the
correspondence between matter and energy based on the information that structures the
molecule or gene through self-organizing selection processes. It is important to highlight
that by self-organizing selection processes, we mean the way physical units and modules are
formed through information and how they are either favored or eliminated through selection
in both the living and non-living worlds.

From this perspective, not only the species discussed by P. Lherminier [54] but every other
module, including the species itself, makes sense. Each module demonstrates how the ex-
penditure of energy/matter is balanced with the gain of information. This means that the
preservation of a physical identity, such as a quantum, atom, molecule, or any module in the
living world, is a result of an energy/matter ratio at a given moment. Therefore, the key-lock
relationship can be understood as an energy/matter match. But here, a conceptual obstacle
is encountered, and a paradigmatic change is required.

Energy emerges from interactions. Apples falling from a tree represent an interaction, re-
sulting in gravitational potential energy. Similarly, the enzyme/substrate bond is another
type of interaction, but here we are dealing with chemical potential energy rather than grav-
itational potential energy. The issue arises naturally. Knowledge or steric information is not
included in the equation E = mc¢?. This leads us to question why we look for the cause of
the existence of “demons” outside of matter; in reality, demons are embedded within matter
itself, appearing as its properties, including information and energy. The issue is resolved
by embracing the view of J. Roederer [58] who proposed that interactions can be categorized
into two groups: force-based interactions, which involve gravitational and elastic energy,
and information-based interactions. The formula E = m¢? is based solely on force-based
interactions and indicates kinetic energy by the fact that it links mass/energy to velocity.
While formula E = M can be seen as representing the potential energy.

The formula E = mc? is based solely on force-based interactions. Let us mention a fact.
Chemical energy is regarded as chemical potential energy, and it is rightly accepted that the
source of this energy lies in the energy of chemical bonds.

Why are chemical bonds not considered a form of interaction information? Why is steric
information in enzyme/substrate binding or other physicochemical properties ignored? As
stated earlier, it can be accepted that interactions are a result of information, and energy
arises from the interactions that enable information. Therefore, we must accept that the
evolutionary connections between energy, matter, and in-formation are incomplete unless
we recognize information-based interactions. On the other hand, we must acknowledge that
there is no direct equivalence between the three categories of the universe; instead, there
are fixed relationships over time. Therefore, these are evolutionary connections, not merely
physical ones. For instance, there can be no equivalence between information or energy and
matter, nor can one be substituted for the other.
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The question arises: Why is the Big Bang expected to occur at a time when the values of infor-
mation and energy are at their maximum? Let us revisit Fig. 3 and compare, on one hand, the
maximum values of information and energy, and on the other, the decrease in mass. As ex-
plained earlier, information and energy, as measurable properties, are inseparable from each
other. If information enables interactions, which are considered outcomes of information,
some of these interactions directly generate energy, especially when information is linked to
the organization of both material and non-material systems. Naturally, interactions based
on information do not exclude those based on force, from which the remaining energy also
arises. In-formation, as a factor in the organization of matter, plays a role in the formation
of this energy as well. Just as we recognize the potential energy generated by gravity, which
arises from force-based interactions, we must also acknowledge the potential energy created
by information, which arises from information-based interactions.

Finally, the question arises: What might the scenario of the connections between the three
categories of the universe; energy, matter, and information, over time, look like?

Immediately after the Big Bang, kinetic energy emerges as the ability of matter evolves, and,
like a pendulum, the maximum potential energy is once again reached. This cycle repeats,
illustrating why matter is always in motion and active. Our idea of the universe’s infinity
manifested through cyclic repetitions precisely at the time when information and energy
peak while matter reaches its smallest mass, finds resonance in the cosmological model of
aeon proposed by the Nobel laureate R. Penrose [59]. Similarly, Penrose’s view is that there
is no fundamental difference between an infinitely large universe composed of countless
photons and an infinitely small universe composed of a single photon, highlighting their
shared intelligent agent’s behavior. Atom or molecule modules behave the same as a genetic
or linguistic module, and so does the universe itself.

The Big Bang hypothesis gives us the confidence to offer an opinion on dark matter and
dark energy, which we view as unenergized and energized matter, respectively. First, we
tind confidence in the evolution of the categories of the universe. There is no doubt that,
throughout evolution, information and energy have undergone changes. To see this, one
only needs to observe the various forms of information, interaction, and energy that have
emerged along the arrow of time. It becomes clear that matter has also changed over time.
This change may be reflected in its composition as an active and inactive matter. Secondly,
we find confidence in the almost complementary relationship between dark matter (22.7
- 26.8%) and dark energy (68.2 - 72.8%). We believe that dark matter represents inactive
matter, which does not interact due to the lack of information necessary for the self-organizing
selection processes that give rise to physical units of interaction and modules. The remaining
percentage of matter (4.5 — 4.9%) is likely an intermediate state of matter. On the other hand,
dark energy can be considered as an energized matter. Energized matter refers to that
which has currently emerged in the universe as physical units of interaction or as biological,
linguistic, and socio-cultural modules.

4 Universal evolution is modular

Table 2 compares some evolutionary principles from the perspectives of the Modern Synthe-
sis (MS), the Extended Evolutionary Synthesis (EES), and Modular Evolution (ME).
Accepting the concept of modularity as a general organizing principle that applies to the
non-living, living world as well as the non-material world, the Theory of Modular Evolu-
tion has an advantage over the Standard Theory of Evolution and the Theory of Extended
Evolutionary Synthesis because it provides arguments that indicate that universal evolution
is modular.
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" Theories
No Phenomena
MS EES ME
In the living world. there There are four
are two systems of inheritance systems: . y
; : p : The number of inheritance systems
inheritance - genetic the genetic, :
\ 2 : : 3 cotresponds to the number of
inheritance and socio- epigenetic, : : P
. : : 7 information systems, according to
Inheritance and | cultural inheritance, and behavioural, and . 2]
1 3 . : S E which modules are formed, giving
information two corresponding forms symbolic inheritance : 3 p
. : 2 : rise to forms of interaction
of information: genetic and | systems, and two ; E i
v : 3 information, and material and non-
non-genetic information. forms of : g :
. : £ material semantic information.
information: genetic
and epigenetic.
Variations are variants of modules
The source of variations is | Besides mutations, characterized bv different
2 Variations random and undirected variations arise as structures, mainly shaped by the
mutations. directed organization itself and by another
developmental trends | similar process called Assembly.
Selection occurs throngh The selection occurs in two stages:
interaction with the first, during the formation of the
environment according to module structures, and second.
Natural the variation/selection dvad through the interaction of these
3 ; i Idem ; =
selection modules with the environment,
according to the dyad self-
organization/selection or
assembly/selection.
The factors of evolution are those
that alter the genetic composition of
. a population, but also those
The factors of evolution e e ;
involved in the formation of
are those that change the
- g modules such as matter, energy,
genetic composition of the p : iy
; : information, self-organization, and
The factors of population (mutations, : :
: : natural selection, to which
4 evolution and natural selection, Idem P
p ; : s ! macroevolution is linked.
macroevolution | migrations, genetic drift) 5 :
EERET. Macroevolutionary drives such as
and macroevolution is a e : :
¢ ; speciation processes or major
continuation of : i y
: : evolutionary transitions occur in
microevolution. . o :
compliance with the value increase
of { in the formula
E=Mi
There is historical, Ultimate causation refers to the
phvlogenetic, or ultimate formation of the module's structure
causation, and current, in the past based on information,
5 Causation developmental, or Idem while proximate or current
proximate causation. causation concerns the performance
of the function by effectors as
energy.

Table 2: Comparison of some evolutionary principles from the perspective of the Modern Synthesis (MS), the Extended Evolutionary
Synthesis (EES), and Modular Evolution (ME).

In the modular concept, this statement suggests that matter’s capacity for stability or static
persistence arises in the non-living world, starting with atoms at the very least. This happens
when the environment, serving as a carrier of specific information, facilitates the equivalence
of mass and energy.

This idea can be considered correct if we accept that the origin of the living world involves
the formation of three interacting realms: the world of information as an intelligent agent
(A), the world of effectors (E) and the world of objects (O), constitute the inventory of nature,
where unlike the non-living world certain information has been internalized.

Just as the electro-magnetic field achieves balanced control over oppositely charged parti-
cles within an atom, so does a fragment of nucleic acids, acting as the intelligent agent (A),
regulate the balance between the energy of the effectors (E) and the mass of the objects (O).

Another advantage of Modular Evolution over the two prevailing theories is that it rec-
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ognizes natural selection as operating in two distinct stages, highlighting its non-random
behavior and creative nature. This helps explain why modules serve as objects of natural
selection and why evolutionary factors are the ones that contribute to their formation. The
theory of Modular Evolution makes it possible to explain how undesigned or unplanned
actions and reactions give rise to purposeful behaviors. This includes both the static persis-
tence of objects, such as the formation of minerals, and the performance of proper function
in living organisms, such as the removal of paramecia from an acidic environment. In both
cases, we are talking about the emergence of material semantic information, which today is
still considered taboo in the evolution of material systems.

The advantages of Modular Evolution Theory (MET) in comparison to Modern Synthesis
and Extended Evolutionary Theory are related to the mechanism by which modules acquire
and maintain autonomy and the ability to for stability and evolvability. In favor of this
autonomy is the Common Cause Principle. Reichenbach’s Common Cause Principle is the
claim that if two events are correlated, then there is either a causal connection between the
correlated events that is responsible for the correlation, or there is a third event that brings
about the correlation [46]. Therefore, as shown in Fig. 1 /1d, the common cause of both
Energy (E) and Information (I) is Matter (M).

From our perspective, matter is the common cause of its dual properties: energy and in-
formation. Like chemical bonds, it is the same property of matter that allows it to both
store information and produce energy. Additionally, Reality Criteria (RC) is a special case
of the Common Cause Principle (CCP): if, without in any way disturbing, a system, we
can predict with certainty (i.e probability equal to unite) the value of a physical quantity,
then there exist elements of reality corresponding to that quantity [60]. In our opinion, this
element of reality is information in the form of a chemical bond and could be included in the
Einstein-Podolsky-Rosen criteria.

Both Common Cause and Reality Criteria (The Einstein-Podolsky-Rosen) find sup-port in
the intelligent agent idea, as the information accumulated by the matter, soon to be modular-
ized, is the same that generates energy. On the other hand, like the Category Theory (CT) in
mathematics, which is not focused on objects” elements [61] the Modular Evolution Theory
also studies objects as a set of system elements.

Additionally, self-organizing selective processes are part of a shorter computer pro-gram [62]
a metaphor for the Universe as a gigantic computer [63]. Finally, modules must also be seen
in ontological, epistemological, and methodological assumptions. Orthology is defined as
the study of being and the nature of reality [64], in contrast to epistemology, it is an approach
to understanding how we come to know things and what we should know.

From these two perspectives, module-focused studies should be considered a valid orienta-
tion in scientific research methods. By incorporating information into the history of matter,
it highlights the universal nature of chemical, biological, and cultural evolution. As a result,
the life sciences returned to the study of matter, much like their sister disciplines, chemistry
and physics.

5 Conclusions

e 1. The Theory of Modular Evolution is founded on the concept that both energy and
information are properties of matter.

e 2. Modules, as objects of natural selection, are primarily formed through the process
of self-organization and undergo natural selection in two stages: first, during their
formation, and second, during the performance of their function.
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3. The factors of evolution are those that contribute to the formation of modules,
including matter, energy, information, natural selection, and self-organization. The
factors of evolution form an evolutionary relationship among one another, expressed
through the equation E = Mi.

4. The mechanism of evolution is the formation of modules that behave as intelligent
agents, leading to the creation of objects that are part of the inventory of nature, artifacts,
and mental systems created by man. In any case, this mechanism operates when the
energy of the effectors (E) guided by the information (A) of this mass achieves a balance
with that mass (O), resulting in evolutionary change.

5. Through this mechanism, we can explain how undesigned or unplanned actions and
reactions give rise to purposeful behaviors. This includes both the static persistence
of atoms and minerals, as well as the performance of specific functions, such as the
removal of paramecia from an acidic environment.

6. Species are modules, real-life units. The persistence of species as material systems
is made possible because, at a given point in time, the mass of their ancestors was bal-
anced with the energy generated by the descendants as effectors through the provided
information. If we recall the full title of Charles Darwin’s major work (1859), The Origin
of Species by Means of Natural Selection, or the Preservation of Favored Races in the
Struggle for Life, we understand that the mechanism of evolution is, on the one hand,
the pressure of selection, and on the other hand, equally important, the mechanism of
species stability.

To paraphrase T. Dobzhansky, it can be said that just as nothing in biology makes sense
except in the light of evolution, so nothing in evolution makes sense except in the light of
information.
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