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Abstract: Knowledge is not merely the characteristic of certain pieces of information being deemed
true, believed and justifiable, but rather a process. The sentences that reaches the status of knowledge
forms a universe that provides an interpretation of the reality one aims to describe. Language
exchanges information through communication and the justification, if concludes successfully with
respect to a sentence, it elevates the information to the status of knowledge. We provide a model
where we define the fundamental elements of communication and grammar. As a result, knowledge
must be open (everyone must be able to acquire it), free (everyone must be able to justifiy) and tidy
(everyone must be able to retrace the justification process in all its parts recursively). Ultimately,
the development of knowledge processing, referred to as knowmatic, represents the evolution of the
information technologies (IT).

Keywords: knowledge; information; axiomatic system; informatics; computer science; syntax;
semantics

1. Introduction

The problem of knowledge is anything but recent: philosophy (particularly gnosiology and
epistemology) [1], economics and logic [2] faces its own declination of the problem of knowledge.
Among the most notable examples is the Gettier problem [3] which highlights situations where justified
true belief fails to constitute knowledge. His counterexamples illustrate instances where someone may
hold a belief that is both justified and true, yet it seems insufficient to claim knowledge. This dilemma
prompts philosophers to refine their understanding of knowledge, emphasizing the importance of
additional criteria beyond mere justification and truth. The ongoing debate surrounding the Gettier
problem continues to shape contemporary epistemology, probing the features and boundaries of what
constitutes genuine knowledge. The problem has been analyzed from many different points of view
and the literature on the subject is more extensive than we could present in this paper. We use [MWE]

for Merriam-Webster Dictionary [4], [CAM] for Cambridge Dictionary [5], [COL] for Collins Dictionary
[6], [BRI] for Encyclopedia Britannica [7], [PLA] for The Stanford Encyclopedia of Philosophy [8] and
[IEP] for the Internet Encyclopedia of Philosophy [9]. Some interesting reviews are “The Analysis of
Knowledge” in [PLA]and in [? ? ? ]. Furthermore, every civilization describes knowledge within its
own culture by providing its own interpretation and our digital era is no different [? ].

This paper is divided into 4 sections. We provide the model of knowledge from the fundamental
elements of language up to communication, information, knowledge and research. Our challenge is
to provide a complete framework within which not only the objective and interdisciplinary, formal
and rigorous aspects can be traced back, but also subjective aspects as we believe that the knowledge
model can equally be applied. We will try to address the problem of the diffusion and dissemination
of knowledge in all its forms. In particular, knowledge disseminated through scientific articles (since it
is, to date, the preferred form of dissemination [10,11]). There are also significant issues associated
with the massive publication, and the enormous amount of information prevents deserving new
research from emerging (or even simply being found among the countless other publications) [12].
A brief review on knowledge and cognition introduces the main section of the article. Knowledge
encompasses the information, beliefs, and understanding gained through experience and reasoning,
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while cognition involves the mental processes used to acquire, process, store, and apply information.
Observations are influenced by existing knowledge and frameworks; contextual influences impact
both the discovery and justification of knowledge. These contexts shape which theories are developed
and accepted, influencing the direction and interpretation of scientific research. Language is the means
for knowledge acquisition, as well as a necessary and sufficient condition. This authorizes us to
analyze language exclusively to investigate how sentences can become knowledge, which leads us to
the final section where we outline a specific model of IT that is not based on the generic processing of
information (hence the name “automatic information” or “informatics”) [13], but on the processing
of knowledge. We will demonstrate that the ability of technologies to distinguish knowledge from
information is mandatory for the advancement of IT itself.

2. Structure for Knowledge

Although inherently indefinable, knowledge can be described as expressing a unique relationship
between the mind and any object, whereby the object exists not only in itself but also for consciousness.
It is therefore an active operation of the spirit, occurring under certain conditions and presupposing
three elements: a subject that knows, an object known, and a specific relationship between the two
(translation by the author of [14]). We found C. Guastella [15] and F. Masci [? ] work particularly
enlightening due to its simplicity and clarity of exposition.

2.1. Language and Communication

Definition 1. An alphabet is a finite set of symbols [MWE] [CAM] [COL] [BRI].

Consider, for example, the set of symbols a, b, . . ., y, z, σ made up of the English alphabet,
consisting of 26 symbols, plus the space symbol σ.

Definition 2. A string is a concatenation of a finite set of symbols from an alphabet[MWE] [CAM] [COL] [BRI].

gjwqtut, tile, eyσvly, keyboard are examples of strings. The concatenation of strings is a string
and a symbol is particular type of string.

Definition 3. A dictionary is a finite set of strings, called words [MWE] [COL].

Definition 4. An expression is a concatenations of finite set of words.

[MWE] and [COL] defines an expression as “something that manifests, embodies, or symbolizes
something else”. To avoid clutter, we shall no longer indicate the σ character with its explicit
representation but with the symbol of space-between-words as usual. Then, tile gjwqtut keyboard
tile is an example of expression, this is just string concatenation. A word is a particular type of
expression.

Definition 5. A grammar is a finite set of rules of concatenation of symbols, words and expressions to form
clauses [MWE] [CAM] [COL] [BRI].

The expression tile gjwqtut gjwqtut is not a clause while keyboard is a tile is (given that
is is within the dictionary and play the correct role in accordance with the rules of the given grammar).

Clause are generally defined as “a group of words containing a subject and predicate and
functioning as a member of a complex”[MWE] or “the part of sentence with a subject and a verb”[CAM]. A
clause is a particular type of expression where we cannot yet guarantee that their content is meaningful
as there are no reasons to not construct strings like the thready chair is healed.

Definition 6. A sentence is a concatenations of finite set of clauses according to the rules of grammar.
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In [MWE] a sentence is “a word, clause, or phrase or a group of clauses or phrases forming a
syntactic unit which expresses an assertion, a question, a command, a wish, an exclamation, or the
performance of an action, that in writing usually begins with a capital letter and concludes with
appropriate end punctuation, and that in speaking is distinguished by characteristic patterns of stress,
pitch, and pauses” and in [COL] is “a sentence is a group of words which, when they are written down,
begin with a capital letter and end with a full stop, question mark, or exclamation mark”. Basically it
is a complete construction contained between distinctive signs that mark the beginning and the end,
making it complete but still not significant in general. Then we shall define a metric to measure the
informative content or, at least, compare sentences based on the information they convey.

Definition 7. A language is a pair formed by a dictionary and a grammar [MWE] [CAM].

Definition 8. An information is the meaning of a sentence [MWE] [CAM] [COL] [BRI].

When a sentence describes qualities or behaviors that the subject does not actually possess, it fails
to convey meaningful or useful information. This is because the message does not accurately reflect the
reality of the subject. Then, it shall be considered as having zero information content as it provides
no valuable information about the subject (since an object does not belong to a subject, declaring its
non-belonging or an attribute about a non-belonging object is not informative). On the other hand,
a sentence that accurately describe the development, characteristics and behaviors of a subject carry
meaningful information.

Definition 9. A communication is a finite process by which informations is exchanged [MWE] [CAM] [COL] [BRI].

The structure that emerges from the definitions is depicted in Figure 1 in a content-form plane.
The alphabet, by definition, has no content and no form since symbols do not represent anything on
their other than themselves and lack any substructure. A symbol is the grammatical equivalent of a
geometric point: it has no parts [16].

alphabet

string word

expression clause

sentencestring

concat

dictionary
concat

grammar
concat

concat

language

form

content

Figure 1. The relation between elements, from the alphabet to communication.

It is important to exercise caution when using terms like dictionary, grammar, language to avoid
restricting their meaning to what is commonly understood as spoken or written language. Here,
language refers to any manifestation that involves the combination of simpler elements to create more
complex ones, which can in turn be combined to form other elements. Syntax establishes the rules of
form, grammar and structure, while semantics sets the rules for content, information and interpretation.
This definition encompasses formal languages, natural languages, musical notation systems, shorthand
writing, choreographic notation, and programming languages. More broadly, it includes any context
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where a communication process, or transfer of information, can be identified. Hockett [17], identifies
13 characteristics of language, to which we should consider adding the features of “learnability”
(the ability to acquire a language), “introspection” (the ability to use language to describe itself),
“order” (the importance of word arrangement), “recursiveness” (the presence of sentences within larger
sentences), “hierarchy” (the ability to create hierarchical structures within sentences of a text, within
words of a sentence, or within symbols of a word), and “distinction” (the ability to identify sets of
sentences, words, and symbols with common functions).

2.2. Fact

Definition 10. A fact is an elementary truth referring to a subject [MWE] [CAM] [COL]. The truth is established
by a finite set of criteria of truth.

Criteria of truth refers to the standards or principles by which the truth is assessed. If a sentence
is true without the need for proof, then it is a fact: a set of criteria of truth establishes the truth or
falsehood of sentences, elevating true sentences to facts.

sentence fact
information

Figure 2. Sentences and facts have the same form and content but are distinguished by the information
they convey, as a fact has a higher level of truth compared to a sentence, which can generally be either
true or false.

2.3. Knowledge

Knowledge can be innate, acquired by observation, thinking or thinking-plus-observing and
through different sources [IEP]. A widespread but not universally accepted definition states that
knowledge is the justification of true beliefs (also known as JTB) [18]. So knowledge is characterized
by three features (tripartite theory of knowledge): it is a belief, it is true and it is justified. This concept
is often attributed to Gettier [3]. At its core, knowledge involves holding a belief about something.
This means that an individual must accept or affirm a sentence. This sentence must be true: a belief
might be sincere and strongly held, but if it does not correspond to reality (or to any other criterion of
truth), it does not qualify as knowledge. Justification refers to having good reasons or evidence that
support the belief. In other words, there should be a rational basis for holding the belief. This criterion
helps distinguish knowledge from mere lucky guesses.

The most consensus feature about knowledge is the truth: one can believe in something false or
can communicate false sentences (definition 6, 8 and 9), yet one cannot have false knowledge (know
something false) [19]. Definition 8 imposes no constraint on the truth of the sentence itself because the
fact is not involved in the process of creating a sentence, nor in the overall communicative process.
Ultimately, the main controversy is related to the third feature of knowledge, justification. In particular
all those cases where justification is subjective or the true belief is not part of the common knowledge
such as luck, superstition or scenarios based on some random pattern that are not deterministically
reproducible [PLA][18–21].

The disagreement on the exact definition of knowledge develops in different strands. In [20],
JTB is a necessary but not a sufficient condition. Then, there must be an unknown feature X (which
leads to the definition of knowledge as JTBX) where X is a condition or list of conditions logically
independent from J, T and B. Or, J is replaced with an other feature F such as reliability or other, leading
to FTB. If F=J+X. Then, FTB=JTBX. If F=J. Then, FTB=JTB. Hence, FTB is the most general definition.
To distinguish from mere J, we shall use the term argumentation to refer to a broader process [22] able
to F-ify (J-ify, X-ify or combinations or others).
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Definition 11. Let a finite set of facts and a language at least able to convey facts into communicable sentences.
Then, a TB sentence is knowledge if there exists a finite process F able to F-ify the given sentence by means of
that set of facts in the given language.

Knowledge is a believed and true fact (or finite set of facts) based on criteria of truth around which
arguments, evidence, and demonstrations can be presented in a given language. Let a language and a
finite set of facts, than finite knowledge is obtained by argumentation of true beliefs on given facts
and can be incorporated into another set of facts to acquire1 new knowledge. Hence, new knowledge
proceeds by extension of the previous one. When it is not possible to extend the previous knowledge,
then new knowledge stand alongside the previous one with no intersection.

In Figure 3 there are two sets of facts (solid line). The set Facts1 = {F1, . . . , F4} and the set
Facts2 = {F4, F5}. Given a language, a finite set of true beliefs can be argued by using only facts F1 and
F2 to acquired knowledge Knowledge1 (dotted line). Adding fact F3, new knowledge can be acquired
from Knowledge1 and F3 (or by F1, F2 and F3) and when F4 is also added, than is acquired all the
knowledge allowed by Facts1. Using F3, F4 and F5 knowledge Knowledge2 is acquired. It is possible to
use Knowledge1 and Knowledge2 to acquire Knowledge3 just as it is possible to acquire Knowledge3 by
F1, . . . , F5.

Knowledge1

Facts1

Facts2

Knowledge2

Knowledge3

F1

F2

F3

F4

F5

Figure 3. Knowledge acquisition based on facts that argues about true beliefs.

2.4. Research

[CAM] defines research as “a detailed study of a subject, especially in order to discover (new)
information or reach a (new) understanding”. The definition makes no reference to the choice of criteria
of truth because research is a process of study, exploration, discovery, much like communication. In
fact, research can take various forms such as scientific, personal, spiritual, and can involve different
phases and different criteria of truth. We need to take a step further and narrow down the definition in
the scientific context to assert that scientific research is “a method of investigation in which a problem
is first identified and observations, experiments, or other relevant data are then used to construct or
test hypotheses that purport to solve it”[COL]. Let the set of all known facts through observation and

1 We chose the term acquiring knowledge to avoid the debate over “a priori” or “a posteriori” knowledge. In any case, with
respect to a subject, whether knowledge is a priori or a posteriori, it is acquired at the end of some process. In the case of a
priori, the process can be understood as the birth of the subject itself.
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measurement of nature, then the process of arguing true belief through these known facts is science.
In our convention, science, is commonly defined as “the finite set of knowledge acquired through
a methodical and rigorous process that organizes knowledge in such a way as to provide verifiable
explanations and predictions about nature” [CAM][COL][BRI].

Definition 12. Let a language a finite set of facts and a sentence. A research in a given language, is the process
of FTB of the sentence by means of that set of facts[MWE][CAM][PLA].

Knowledge is acquired through research. The process of arguing precedes knowledge itself, in
the sense that the success of the argumentation marks the acquisition of new knowledge. In the event
of a failure in the process, no knowledge has been acquired and the process itself is knowledge [23–25].

sentence
universe

facts
knowledge

F1

F2

F3

F4

K1

K2

K3
K4

K5

K6
S1

S2

Figure 4. Research argues true beliefs through facts and a language and produces knowledge: it is
acquired by research and research is the process of acquisition.

Definition 13. A universe is a triad formed by a finite set of facts, a research and knowledge.

As stated, research is a given process (then a fact) that processes facts through language in an
attempt to concatenate them and raise them to knowledge. Given the finitude of facts set and the
research process, knowledge is also finite. However, new knowledge is added to previous knowledge
expanding the universe. It might be useful to provide a definition for the universe composed of the
knowledge actually produced and the universe composed of all the knowledge that can be produced
(having unlimited time to argue and unlimited space to store it). The parallelism with cosmology is
interesting: the observable universe (o-universe) is the universe composed of the knowledge actually
produced defined as “the region of space that humans can actually or theoretically observe [...]. [...]
Unlike the observable universe, the universe is possibly infinite and without spatial edges”[BRI].

2.4.1. Scientific research

“Subjective knowledge” is that which emerges from individual perspectives and facts unique
to a single cognitive subject. “Intersubjective knowledge” arises from shared facts between two or
more cognitive subjects, where these common facts can be connected to acquire shared knowledge.
A special case of intersubjective knowledge is “objective knowledge” emerging from facts that are
universally common among all cognitive subjects within a given set. The goal of scientific research
is to identify facts that are as universally common as possible, thereby knowledge that is robust and
widely accepted.

3. Requirements for knowledge

Society is shaped by the language that shapes society [26,27]. Then, society decides how to encode
the facts in their own language and share information [28]. Likewise, humanity creates the research
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and then knowledge. Then, the ability to acquire knowledge depends on the quality and effectiveness
of research and language. Gibson [28] and Piantadosi [29] have conducted intense work researching
the interaction between learnability and efficiency, study of vocabulary, learning process and efficiency
of language. Knowledge is a partial understanding of the universe (an o-universe). This is why there
are so many descriptions of the same universe (so many different o-universes in the same universe).
Even if there is just one finite set of facts, the research may change from person to person, from society
to society from context to context. Even if there is just one research, facts may change leading to
different knowledge (different o-universes). For one and only one o-universe, it is necessary to set
facts, research, and knowledge. Every degree of freedom alters the knowledge. It is possible that
o-universes composed by different facts and research could intersect. Hence, it is possible to acquire
same knowledge from different facts and research.

The most general and comprehensive interpretation of knowledge should include every empirical,
sensory, spiritual and cognitive process and everything should be traced back to a particular case of
knowledge as long as some requirements are met; even the interpretation itself. We do not exclude
that other requirements may be imposed to ensure compliance with certain requirements; however,
finding no other evidences, we assert that the following is a necessary condition for establishing a
knowledge architecture, go back from knowledge to facts, justify sentences in a given research and
investigate the result of the research itself. Knowledge is2 open, free, tidy.

3.1. Open

Requirement 1. A universe is open: always and continuously readable.

The first requirement focus on accessibility to knowledge. The attribute open directly aligns with
the widely embraced concept of open access (OA), which advocates for literature that is “digital, online,
free of charge, and largely unrestricted by copyright and licensing restrictions” [? ].

OA refers to the practice of accessing existing knowledge to acquire it. There are various types
of OA depending on the degree of accessibility to knowledge [10]: gold, green [? ], hybrid [? ],
bronze, diamond [32], and black [? ] depicted in figure 5. “Free for readers” set is an example of open
knowledge.

Authors retain copyright

Peer-reviewed

Free for authors

Free for readers

Toll access (paywalled)

Preprints Diam. OA Green OA

Gold OA

Figure 5. OVenn four-set diagram using rectangles inspired by [33] in which are shown different
types of OA. The rectangle with the solid line represents the set of journals in which the authors retain
copyright, the dotted rectangle the peer-reviewed journals, the dashed rectangle the free for authors
journals and the alternating rectangle the free for readers journals.

2 We are referring to what knowledge is but we are aware that this is not the current state of knowledge due to economic
interests that have privatized, commodified and exploited it [30,31].
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Scientific research is disseminated through journals, papers, conferences and other academic
channels. It is important to emphasize that requirement 1 has a broad significance: not only is scientific
research open, nor is it just knowledge that is open. Rather, the universe itself is open. Then are facts,
research, language and knowledge.

3.2. Free

Requirement 2. A universe is free: always and continuously writable.

Requirement 2 ensures the ability to share acquired knowledge (to partake in it), there is freedom
to share it. “Free for authors” set is an example of free universe.

3.3. Tidy

Requirement 3. A universe is tidy: make explicit in an open and free way its structure.

Tidy means “methodical, precise, well ordered and cared for”[MWE]. Given a finite set of facts and
a research, one and only one knowledge is obtained (Figure 4). But from a knowledge it is possible to
go back to several sets of facts and/or more research or more languages (see definition 8 and Figure 6).
Hence, it is necessary to explicitly declare from which facts and with which research a given knowledge
was acquired. Tidy points to the structured and ordered feature of the knowledge. This implies that
the relationship between knowledge, information and research have a structure and is well organized,
ensuring clear and well-defined dependencies within the knowledge network. Research proceeds from
facts to knowledge, so knowledge cannot be used by research to generate information (unless that
information is itself knowledge). This implies that knowledge does not present loops and is directed
from one node to another (research goes from facts to knowledge and not vice versa). Therefore
knowledge can be expressed through a directed loopless graph[34]. A nonempty “Peer-reviewed”
set implies a tidy universe. Then, Diamond and Green OA sets are examples of open, free and tidy
knowledge.

knowledge

facts1

F1

F2
F3

F4
F5

F6

research1
facts2F7

F8
research2

factsn

F9

F10

F11

F12

researchn

...

K1

K2

K3

K4

K5

K6

Figure 6. Given a knowledge it is possible to trace back a lot of research and many different facts.

4. Review on knowledge and cognition

Knowledge refers to the information, beliefs, and understanding that individuals acquire through
experience, reasoning, and reflection. Cognition refers to the mental processes through which
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individuals acquire, process, store, and apply information. For a subject carrying out a cognitive process
(cognitive individual), justified rather than unjustified beliefs are preferable as they are more likely to
be true [35]. These processes include perception, attention, memory, reasoning, and problem-solving.
Chisholm in the theory of knowledge and probability [36,37] defines a sentence as “counterbalanced”
for a cognitive individual if and only if the sentence is equally justifiable as its opposite and “probable”
if is more justified in believing than disbelieving.

We can interpret the path of knowledge as an architecture: from the foundation to the roof, from
Kant categories to the connections between them. In [38], Kant analyzes the dynamics of observation,
interpretation and nature focusing on the acquisition of knowledge and the cognitive process. Our
understanding is shaped by innate categories of thought, highlighting the active role of the mind
in structuring knowledge. Willard Quine challenges the distinction between analytic and synthetic
knowledge, arguing that our knowledge is a web of interconnected beliefs where observation is
theory-laden [39]. Nelson Goodman discusses the problem of induction and the ways in which
we classify and interpret our experiences [40]. In Norwood Russell Hanson [41] the concept of
“theory-laden observation” emphasizes that observation is influenced by the theoretical frameworks
and prior knowledge. Popper [42] introduce the concept of falsifiability, suggesting that scientific
theories are never definitively proven but are instead subjected to temporary, though rigorous, testing
followed by refutation. Kuhn [43] proposes that scientific progress occurs through paradigm shifts
where dominant theoretical frameworks are replaced by new ones that better explain anomalies
[44,45]. Feyerabend [46,47] opposes methodological monism, promoting a more pluralistic approach
to scientific inquiry, where multiple methodologies coexist. Bogen [48] demonstrates that observation
is not neutral but depends on the theoretical framework in which it is carried out and illustrates
that observation is not neutral but is deeply dependent on the theoretical framework in which it
is conducted. We cannot fail to notice that since its origin, the search for knowledge has moved
towards an increasingly holistic vision: the categories that were previously independent elements have
become monads3 within which it is possible to glimpse the entire universe [49]. Knowledge becomes a
phenomenon emerging from the connections between the individual elements that constitute it.

A deep consequence is the problem of knowledge acquisition contexts: discovery and justification
[24]. Assuming that it is significant to distinguish these two contexts (it is not obvious that these
two areas are precisely defined [25,44,45]), it clearly emerges, as a common element among all the
main epistemological research, that any stage of the cognitive process is marked by the economic,
aesthetic, ethical and political context where this happens. Kuhn [43] has significantly influenced the
understanding of these contexts. Scientific progress is not linear but occurs through paradigm shifts,
where established frameworks are replaced by new ones that better explain observed phenomena.
This view challenges the notion of a separation between discovery and justification, suggesting that
both are intertwined with the prevailing scientific paradigms and socio-cultural influences of the
time. Recent analyses, such as those by Foster [25], highlight that context profoundly shape both
the discovery and justification stages and the justification is itself part of the discovery and the two
processes are, substantially, the same. So the justification is itself part of the discovery and the two
processes are interconnected and parts of a more general macro-process which is the discovery itself
according to definition 12 (not in the sense of intuition alone but of a set of processes that lead to the
acquisition of new knowledge). The economic context can influence research priorities and funding
availability, while aesthetic values can guide the selection of theories based on their simplicity or
elegance. Ethical and political contexts impact the direction of scientific inquiry and the acceptance of
certain methodologies or findings within society. These influences underscore the non-neutrality of

3 The reference is explicitly to Leibniz’s Monadology and the relationship between the monad and the universe “Thus,
although each created monad represents the entire universe [...]. And since this body expresses the whole universe through
the connection of all matter in the plenum, the soul also represents the entire universe by representing this body, which
belongs to it in a particular manner” (translation by the author).
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the cognitive process. Analysis conducted by Bogen aligns with the broader epistemological view that
observation and interpretation are deeply embedded within theoretical frameworks, further influenced
by broader contextual factors. Finally, it is worth reflecting on crucial experiments, as they serve as the
link from knowledge to the requirements 1, 2 and 3.

4.1. Crucial experiments

Crucial experiments act as key points where competing theories or hypotheses can be tested
against empirical evidence of one theory over others. These experiments are designed to test specific
predictions made by competing theories under controlled conditions, to minimize ambiguity and
maximize clarity in the results. However, as our earlier discussions have highlighted, the execution
and interpretation of crucial experiments are not free from the various requirements and influences
we have considered. The theoretical frameworks within which these experiments are conceived and
conducted influence the design and implementation of these experiments, what is observed, and how
results are interpreted [50].

Let consider an initial condition and two different theories which, at the initial condition, produce
two different predicted events. Nature (in the context of scientific research) is questioned at the chosen
initial condition and the event it produces are observed. If the expected event of one of the two theories
corresponds with the event manifested by nature under the same initial conditions within error and
reliability. Then, the theory that showed that event is considered correct. Formally, let C be an initial
condition, Ti be a set of different theories to test, Ei = Ti (C) be the set of predicted events and N be the
nature. Let E = N (C) be the event produced by N at C. Then, Ti is correct if and only if Ti (C) = N (C).
Evidently two different theories can lead to the same events at C and there can exist a theory Ti+1
different from any Ti such that E = Ti+1 (C). Furthermore, if for every C such that Ti (C) = N (C).
Then, Ti (C) = Ti+1 (C). But there exists at least one C̄, for Ti (C̄) ̸= Ti+1 (C̄) and Ti+1 (C̄) = N (C̄).
Then, Ti ⊂ Ti+1 and C̄ is the crucial initial condition or the crucial experiment that disproved Ti in
favor of Ti+1. Here the paradigm has changed and there has been a scientific revolution [43,45].

The correspondence principle [51] was originally expressed by Niels Bohr as the assumption that
any new, more general theory must reduce to the older, well-established theory in the domain where the
older theory has been confirmed by experiment. As a consequence of acquiring new knowledge from
existing knowledge, the theories are literally encapsulated into one another: Newtonian Mechanics ⊂
General Relativity ⊂ TOE and Electromagnetism ⊂ Quantum Mechanics ⊂ TOE and just examples
for a hypothetical Theory Of Everything (TOE) [52]. This is the process of acquiring knowledge from
knowledge. This is why we questioned the need to have structured knowledge so that it is possible
to question our knowledge and discover the contradictions it contains or the intellectual impulses it
hides.

4.2. Acquisition

Mechanisms of language acquisition have been identified that rely mainly on the segmentation of
sentences: the recognition of regular patterns in the distribution of sounds, words, and symbols [53,54].
This process occurs on multiple levels, breaking down sentences into words and words into symbols,
becoming one of the two fundamental mechanisms for language acquisition [55,56]. Marcus [57] in
infants, and more recently, Peña [58] in adults, demonstrated that the subjects involved are able to
extract structural rules from an artificial language. Language is acquired statistically when possible. If
segmentation is made impossible (for example, by adding pauses or using a continuous flow without
segmentation cues), language is acquired based on the extraction of general rules about the structure
of the language itself.
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In both cases (transition probability through segmentation and the search for syntactic rules), the
process involves formal4 analysis without any reference to content, as no consideration of information
is known to the cognitive subjects acquiring the language. Thus, language acquisition is deeply
constrained by syntax rather than semantics (at least in the initial phase), as it undergoes a process of
structuring, segmentation and pattern identification that enables its acquisition. Both processes are
particular cases of a more general statistical analysis focused on individual words in a clause or sets of
them in sentences.

Communication, made possible by language acquisition through segmentation, enables the
exchange of information in a symmetric way by parties involved in the process [17]. Moreover,
language is expressive enough to allow for introspection, meaning it is possible to F-ify exchanged
information using language itself. Then, communicate knowledge. Ultimately, general statistical
analysis as the amin process for language acquisition enables the exchange of information, which,
through language introspection, can F-ify information and thereby allow the exchange of knowledge.
Essentially, any cognitive process is a communication process based on the exchange of information
through language and the acquisition of knowledge is essentially the acquisition of a FTB process.

The final aspect related to language acquisition concerns the interpretability of sentences. The
comprehension process involves the construction, analysis, and processing of structures. Acquiring a
language requires the ability to assign an analysis to the input, meaning constructing a syntactic
representation but this process requires a grammar [59]. Note that, an ambiguous sentence is
associated with distinct syntactic representations. As previously mentioned, in order to comprehend
sentences, individuals segment the statements that constitute them. This is clearly demonstrated by the
experiments conducted in [60,61], as well as the models provided by [62]. However, both ambiguous
and unambiguous representations include a “context”, which triggers connections between elements
that are not explicitly present but that the individual must infer in order to assign meaning [63]. In
this context, the most well-known interpretative model is the so-called “garden path” model, which is
based on the concepts of minimal attachment and late closure5[64,65].

The phenomena observed in individuals acquiring language are the same, regardless of the
language[66] or the age at which acquisition occurs [67,68]. Several experiments demonstrate that the
acquisition process is identical in both Italian[64] and English in adults[66] and infants[69].

The principles of minimal attachment and late closure, the generation of
expectations/assumptions when the context is undefined, semantic presuppositions, and the
measurement of comprehension times for ambiguous sentences with disambiguating context[70]
all provide strong evidence supporting the principle of computational resource economy[71].
Furthermore, the parallel with human language acquisition principles will become clearly evident
when knowledge is linked based on networks that emerge from these same principles.

5. Knowmatic

The universe is a finite set of sentences where facts are TB sentences that we do not want to
F-ify them because they are elementary or established by criteria of truth while knowledge consists
of FTB sentences. All other sentences are simply waiting to be evaluated T or not T, B or not B, F
or not F. IT is based on communication, which requires content to be communicated. Therefore, IT
necessitates information, which is nothing more than the meaning of sentences in a given language.
Consequently, IT exchanges sentences without any inherent awareness of their status, whether they
are facts, knowledge or just sentences.

4 Meaning that is related to the form.
5 These concepts will find a parallel in the following sections, where knowledge is structured symmetrically with the

acquisition process we are currently investigating.
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Beyond the generic processing of information, we yearn to process knowledge. The process of
knowledge integrates deeper cognitive processes and contextual understanding into computational
models, aiming to handle inputs in a way that mirrors human cognition and learning. We shall
introduce the concept of “automatic knowledge”, from which the name knowmatic. It is the
systematic analysis, organization, and management of knowledge using methodologies, techniques
and frameworks for understanding its structures, acquisition, representation, origins, forms, validation,
dissemination, application and utilization.

Computation6 refers to the finite process of performing a finite sequence of operations to solve
problems [73]. In IT, computation refers to the use of algorithms and data to transform inputs into
outputs and in general, information theory considers computation as the processing of data to extract
or encoding informations. In physics, computation describes processes that occur in nature, such
as genetic coding in biology or neural processing in the brain. In general, processes are forms of
computation [74].

“The Method” by Edgar Morin [75–80] is a six-volume exploration of complexity in natural and
social sciences and humanities. Theoretical aspects of computation include studying the limits of
what can be computed and the efficiency of algorithms. Quantum computation leverages quantum
mechanics to perform calculations potentially far more efficiently than classical technologies. Overall,
computation is fundamental to understanding and modeling both artificial and natural systems in
science and technology. Computation is viewed as the driving force behind all changes, with processes
defined as evolving entities or phenomena undergoing transformation. Now, there is a need to
capture, formalize and understand these changes but mathematics appears to lack a model that can
adequately describe this complexity. In natural contexts, individual elements not only exhibit distinct
behaviors but also give rise to “emergent” properties [81]; behaviors that cannot be deduced solely
from the analysis of individual components. Real systems often exhibit non-local communication
phenomena, such as the interactions between neurons [82]. Addressing these phenomena requires
appropriate mathematical frameworks. Since the 1970s [83], two primary approaches have emerged:
statistical mechanics and dynamical systems theory. Statistical mechanics, building on Boltzmann
work, employs physical concepts like “temperature” and “free energy” [84]. Dynamical systems theory
relies on differential equations, though these systems are only solvable in specific cases, often requiring
simulations or specialized methods such as stability theory [85], bifurcation theory [86] and chaos
theory [87,88].

Computation appears in many forms throughout Morin work because it provides a framework
for understanding the interconnectedness and complexity of various systems. Nature itself is a
computing machine. The output of its computation are the natural laws we perceive, the laws scientists
describe with mathematics, the study of living things in biology, the results of engineering techniques,
the transformations of matter through chemistry and all that we call reality. This computational
perspective helps unify diverse fields, showing how biological evolution, cultural dynamics, and
ethical considerations can all be understood through the lens of computation. Computation underlies
ITfrom which the information, that is the result of the computation, emerges [89]:

knowmatic ⇒ IT ⇒ computation ⇒ process (1)

5.1. Connecting knowledge

Let a be a symbol and a finite set A = {a1, . . . , an} be an alphabet. Let S = (si) ∈ A∗ (Kleene
star) be a string and D = {di} ∈ A∗∗ be a dictionary where di ∈ A∗ is a word. Let E = (ei) ∈ D∗ be
an expression and G = {gi} be a finite set of rules. Let C ∈ D∗ | G (C) be a clause (an expression

6 We want to report Gurevich work in a conference paper presented at the International Conference on Current Trends in
Theory and Practice of Computer Science on the exact formal definition of algorithm [72].
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that respects the rules of grammar G (C)) and M = {C ∈ D∗ | G (C)} be the set of clauses. Let
T ∈ M∗ | G (T) be a sentence (a set of clauses, that respects the rules of grammar G (T)) and U =

{T ∈ M∗ | G (T)} be the set of sentences [90,91]. Let G : U → {{σ1, ρ1, ω1}, {σ2, ρ2, ω2}, . . .} ∈ U3∗ be
a function that map a sentence into a non-empty finite set of triple of clauses where {σi, ρi, ωi} ∈ U3

is a triple formed by a subject σi ∈ U, a relation ρi ∈ U and an object ωi ∈ U. For a given sentence
T, let Σ = Σ (T) = {σ1, . . .} be the set of all subjects, P = P (T) = {ρ1, . . .} be the set of all relations
and Ω = Ω (T) = {ω1, . . .}⊺ be the set of all objects. Ω forms a vector space such that for any σ ∈ Σ,
σ = ρiΩi (Einstein notation)7. We can adopt the same notation as in Boole [92], whose aim stated in the
title was to derive the laws governing the “calculus of thought”. By doing so, we move the problem
towards an algebraic and formal treatment.

Any T involves relations ρi from σ to objects Ωi. Then, T gives a partial description of σ since it
gives some relations ρi from σ to some objects ωi. Since every element of U is finite in length8 (finite,
for short) and T ∈ U, any description of σ will only consider a subset of all possible relations between
all possible objects. Let S be the complete description of σ, meaning that all relations to all objects have
been expressed in T. Since U is countably infinite, there are infinitely many objects to relate σ to, so T
is infinite. But every element of U is finite. Hence, cannot exist such T.

S = σ if and only if the sentence T covers all its relations for all objects (Ω and P are countable
infinite). Any subject can have a countable infinite number of relations associated with a countably
infinite number of objects, in an infinite predication needed to completely describe σ. Structures
in Jackendoff [93] and Talmy [94] on cognitive semantics supports the conceptualization of subjects
having potentially infinite associations with relations and objects. Then, any actual sentence will be
incomplete because it will only cover a finite subset of the infinite possible predications. Dowty [95] on
thematic roles and argument selection, emphasizes the selection of a finite set of relations and objects in
practical descriptions. Ultimately, only with full knowledge (that is, the ability to state every possible
triple) can we claim S = σ (full knowledge hypothesis). The complete knowledge of a single σ implies
complete knowledge of all subjects. Therefore, only with complete knowledge of every subject can
we have complete knowledge of a single subject and complete knowledge of a single subject implies
complete knowledge of every subject. Langacker [96] and Talmy [94] cognitive grammar and semantic
framework further support the idea that complete knowledge requires complete predications about all
relations and objects. This provides a basis for understanding the conceptual completeness that would
be required for a complete description: any practical description of a subject is inherently incomplete.
Completeness is only theoretical and requires exhaustive predication across all relations and objects
and is never achieved in practical linguistic contexts.

Consider the sentence Colorless green ideas sleep furiously [97,98] or our previous The
thready chair is healed. As stated before, the key distinction between syntax and semantics is that
a sentence can be syntactically correct yet semantically nonsensical. Previous sentences are well-formed
according to the rules of syntax, they adheres to the grammatical structure of the language but they
are semantically nonsensical because the individual words and their combinations do not convey
information (meaningful concept). A semantically nonsensical sentence is a sentence that does not
predicate on any object of the subject. Being colored is not a object of ideas, just as being thready
is not a object of chairs and being colorless is not a object of green ideas, just as being able to
heal is not a object of thready chairs and so on. Then it is possible to create a hierarchy of relations
that can be more or less informative (express a triple with is already present in the knowledge).

Let T be a sentence and let G (T) = {. . . , {σi, ρi, ωi}, . . .} where σi, ρi, ωi ∈ U. Then, G (σi) =

{. . . , {σσ
ij , ρσ

ij, ωσ
ij}, . . .}, G (ρi) = {. . . , {σ

ρ
ij, ρ

ρ
ij, ω

ρ
ij}, . . .} and G (ωi) = {. . . , {σω

ij , ρω
ij , ωω

ij }, . . .} and so

7 The row vector ρi ∈ (P ∪ {0})∗ and 0 the null relation such that for every i ̸= j, {σi , ρj, ωj} = {σi , 0, ωj}.
8 Let n < ∞ be the length of the alphabet, #A∗ = # (A∗)∗ = #

(
(A∗)∗

)∗
= . . . = ℵ0.
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on. Let TC be the Chomsky sentence and TR be our sentence, in Figure 7 we depicted the structure of
TC and TR where

• G (TC) = {{sleep, nsubj, Colorless green ideas},
{sleep, advmod, furiously}}

• G (sleep) is self-evident since sleep ∈ D therefore it has no further structure other than the
concatenation of symbols e, l, p and s that compose it. The process of destructuring could continue
up to the level of the alphabet and not stop at the dictionary but here it is useless to continue
further. G (nsubj), G (advmod) and G (furiously) are self-evident for the same reason.

• G (Colorless green ideas) = {{ideas, amod, Colorless},
{ideas, amod, green}}.

amod amod

nsubj advmod

idea

colorless green

sleep

furiously

det amod

nsubjpass auxpass

chair

the thready

heal

be

Figure 7. Structure of subjects, relations and objects of TC and TR

Note that each subgraph represents a valid and grammatically correct sentence:
Colorless ideas ⊂ TC, green ideas ⊂ TC, sleep furiously ⊂ TC, Colorless green ideas ⊂ TC
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and TC itself. Two nodes σ and ω and the edge ρ connecting them are linked by σ
ρ−→ ω. Then,

ρ : σ → ω.
Consider the following abbreviations used in Figure 7 and 8:

• advmod: adverbial modifier. Adverb modifying a verb, adjective, or adverb.
• amod: adjectival modifier. Adjective modifying a noun.
• auxpass: passive auxiliary verb. Auxiliary used in passive voice.
• det: determiner. Introduces a noun and provides reference information.
• nsubj: nominal subject. Noun or pronoun performing the action of the verb.
• nsubjpass: nominal subject in passive voice. Subject of a verb in the passive voice.

5.2. Creation of the Knowmatic Machine

Consider the following sentences

• T1 = A plane has a streamlined shape to reduce air
resistance

• T2 = The fuselage of a plane houses the passengers and
cargo

• T3 = The tail section of a plane stabilizes its flight and
includes the vertical stabilizer

• T4 = Planes use ailerons on the wings to control roll

We determined the graphs G1, . . . ,G4 respectively according to the process shown earlier. Then,
we merged these graphs into a single graph G = G1 ∪ . . . ∪ G4 (depicted in figure 8), which we will
refer to as the knowledge graph (or KG). We can assume that all our knowledge consists of the four
sentences mentioned above. Then, the only observations we can make are those permitted by σ,
ρ and ω in KG. For example, we know that there exist a subject stabilizer which has the sole
object vertical. While we might acquire additional knowledge such as The aircraft autopilot
system maintains a horizontal flight path by continuously adjusting the ailerons and
elevators to counteract any deviations in pitch and roll, and thereby discover that there
exist another object horizontal for subject stabilizer. We have no knowledge of the fact, for
instance, that these objects are deeply related and that stabilizer is associated with vertical as
much as with horizontal. Although it is so obvious and fundamental for enabling flight, a universe
consisting only of the five sentences cannot know this.
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Figure 8. KG for four sentences about plane, fuselage, tail and wings.

Let G be a KG, it is not possible to acquire new knowledge by connecting concepts that have
never been connected before, because we would be unable to justify them. From a node in G, we can
always count the number of incoming and outgoing edges, and thus determine the number #G|ω=ω̄ of
subjects for which that node ω̄ is an object (incoming edges to ω̄) and the number #G|σ=σ̄ of objects for
which that node σ̄ is a subject (outgoing edges from σ̄). Formally, given σ, ω, and ρ, it is possible to

know σ
ρ−→ ω if and only if9 (

#G|ω=ω̄,σ=σ̄,ρ=ρ̄ = 1
)
∨
(

σ
ρ−→ ω

)
(2)

9 #G|ω=ω̄,σ=σ̄,ρ=ρ̄ = 1 is equivalent to {σ̄, ρ̄, ω̄} ∈ G, but we preferred to use the cardinality (a scalar quantity) because it
allows us to introduce the definition and measurement of information.
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Therefore, it is possible to know something if and only if either all parts of the knowledge are
already known (left-hand side of equation 2) or what is to be known is assumed as a fact (right-hand
side). Anything that is already part of the knowledge is either part of prior knowledge or assumed as
a fact. Consequently, everything that is known is assumed as a fact, and knowledge is nothing more
than connecting facts.

Given a sentence T and the set of expressions Ti generated by permutations of the words in T,
let G be the graph of T and Gi be the graph of Ti. Then, G = Gi ⇐⇒ T = Ti. Hence, Σ = Σ (G),
P = P (G) and Ω = Ω (G). The knowmatic machine must always be able to measure the amount of
information carried by a sentence T associated with a graph GT for a given KG G.

Definition 14. Let T be a sentence associated with a graph GT and G be a given KG. T is said to be meaningless
if GT ∩ G = ∅.

“Meaningless” from an informative points of view is equivalent to “nonsensical” from a semantic
point of view. Meaning that Σ (GT) ∩ Σ (G) = ∅ ∧ P (GT) ∩ P (G) = ∅ ∧ Ω (GT) ∩ Ω (G) = ∅. Then,
the information I (T,G) = I (GT ,G) is I (GT ,G) = 0 ⇐⇒ GT ∩ G = ∅. By definition the function I
is symmetric.

Consider the following definition

Definition 15. Let T be a sentence associated with a graph GT and let G be a KG. Also, let f : R → R,
limx→0 f (x) = 0 and f ′ ≥ 0. Then the measure of information I (GT ,G) conveyed by T is

I (GT ,G) = f

 ∑
{σ̄,ρ̄,ω̄}∈GT

# (GT ∩ G) |ρ=ρ̄∧(σ=σ̄∨ω=ω̄)

 (3)

6. Future Research

This paper marks the beginning of an extensive series of inquiries we are currently pursuing.
In particular, the practical implementation of this architecture has led to the development of a
knowledge-based search engine named wide3, from the idea of a something “having a greater than
usual measure across” [MWE] based on the three requirements we outlined earlier. At present, wide3 is
a PoC (Proof of Concept) of a processing engine capable of structuring knowledge and F-ify facts in
order to acquire new knowledge. Unlike conventional search engine or artificial intelligence, wide3
does not merely relay information but also conveys its justification, making it a knowledge processor.
Furthermore, F is customizable, which means that if justification (F=J) is not considered a valid process
for acquiring knowledge, it is possible to configure an alternative process.

We argue that knowmatics, or its variations, will have a significant impact on the development
of IT because, unlike the current probabilistic approach of AI, we aim to propose a paradigm shift
based on the analysis of language as a way for knowledge acquisition and demonstrate the emergence
of semantics from the information exchanged through syntax. Although Chomsky [97] has already
shown that syntax does not imply semantics, we can demonstrate that semantics emerges from syntax
through the measurement of information.

Finally, if we analyze the technological and educational context, we find that the learning of
new language acquisition techniques, supported by technology, will also have an impact on future
generations. From an educational point of view, the creation of learning systems based on the logical,
grammatical, structural, cognitive and epistemological analysis of information represents a big step
forward compared to current state of pedagogy.
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