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Abstract
In this paper, we theorize that a Fundamental 
Code Unit (FCU) permeates the underlying 
workings of both the mind and brain’s linguistic and 
communication systems, respectively. In this way, 
both the mind and the brain maintain schematics and 
axiomatic coding substrates similar to those found in 
DNA. Reconciling the paradox presented by the mind/
brain duality concept promises to provide insight into 
several important phenomena, such as the location 
and composition of memories, as well as how they 
!t into the structure of the conscious mind, which 
o"ers a novel method of modeling human cognition 
that seeks low-level, indivisible components with 
which to construct human thought. In particular, 
the Fundamental Code Unit (FCU) is a blueprint for 
the construction of conscious thought, much in the 
same way that DNA is a blueprint for the proteins 
that drive biological processes. #e FCU corresponds 

not only to the linguistic and behavioral output that 
results from cognition, but bridges the analytical 
gap between them and physical processes within the 
brain. In order to properly apply FCU to cognition, 
this paper argues that it is best to view the brain as a 
linguistic computational engine, using a topological 
rather than binary process for information analysis. 
It further proposes a unitary system, applicable for 
mathematical analysis on multiple levels. We use these 
tools to map out the process of cognition at each of 
these levels. #is new approach to modeling brain 
function promises new insights into the apparent 
paradox of the brain’s ability to consume low amounts 
of energy while generating high cognitive output. #e 
concept of mind-brain duality argues that the mind is 
fundamentally di"erent from the brain in the way it 
functions and operates. 
Keywords: FCU, cognition, axiology, unitary, LXIO, 
deciphering, code theory, the DNA of cognition

1 introduction

In order to o"er a novel approach to formulating 
human cognition, important questions regarding 
the nature of human thought must !rst be 
addressed: what is the best way to de!ne thought 
operationally, and what can this de!nition tell us 
about contemporary approaches to cognition? In the 
most fundamental sense, conscious thought consists 
of the transfer of signals between neurons. Since 
this description is not unique to cognition, which 
has basic processes that are neither chemically nor 
physically unique, any attempt to mathematically 

or physically comprehend human thought must be 
bounded accordingly.  

#ose who seek to understand the phenomenon 
of cognition must bear in mind the role of natural 
randomness in our observations of the human mind. 
In particular, the occasionally unpredictable nature 
of human thought does not lend itself to recreation 
by banks of computers run on so$ware that accounts 
primarily for the performance characteristics of the 
human brain – that is, how large it is in bits, or how 
many di"erent tasks it can perform at once.  
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For this reason, it is important to discern qualitative 
characteristics of cognition with which we can 
construct our understanding of it, and not just the 
observed capabilities of the human brain.

Our analysis of cognition seeks to determine not 
only its structure, but the units that comprise 
it. While many approaches to the study of 
consciousness privilege the connections between 
brain regions and cells as the primary vehicles of 
cognition, there still remains the question of how 
these connections are con!gured. We use the unitary 
system, or an intuitive series of unary mathematical 
functions, as the basis for modeling human thought 
processes. "e applicability and simplicity of the 
unitary system suggests that cognition in itself is a 
monolithic process; that is, it is based on the same 
fundamental logic even though it is expressed in a 
variety of forms. 

Drawing upon the unitary system and its 
biochemical correspondents, we propose the 
Fundamental Code Unit (FCU) as an important goal 
of our research. As DNA is commonly known as the 
“blueprint for life,” we argue that the FCU serves this 
purpose for thought; in researching its composition, 
we seek to show that like the proteins coded by 
DNA, cognition results from complex combinations 
of just a few components.

We argue that it is best to view the brain as a 
linguistic computational engine rather than a signal-
processing engine since at the unit level, abstract 
cognitive concepts and their linguistic expressions 
re#ect the same type of conscious thought. "is 
is not to say that only humans who are capable of 
coherent speech process thought in this way (since 
this would imply that the cognitive processes of 
infants are somehow fundamentally di$erent). 
Instead, linguistic expression is a re#ection of 
brain function that can o$er signi!cant insight to 
researchers.
 
In addition, we view the problem of modeling 
cognition as a topological rather than binary 
process. "at is, due to the fact that humans 
incorporate volition into their cognitive processes, 
a binary approach does not su%ciently explain 

the interactivity and interdependency of their 
thought processes. By organizing abstract concepts 
into linguistic expressions, humans have created 
numerous cognitive grammars that can be divided 
into atomic concepts and mapped to speci!c 
physical phenomena within the brain. "us, 
examining the problem as one of “signal processing” 
within the brain means ignoring many of the 
observable cognitive structures that would be useful 
in a working model of conscious brain processes. 
We view the problem as such: in analyzing Morse 
code, humans analyze the input dots and dashes at 
multiple levels; that is, they form letters, then words, 
then full thoughts, and !nally, a response to the 
input. Similarly, we view the problem of mapping 
physical brain activity to cognition as taking place 
across multiple levels of analysis, each with its own 
fundamental units. Instead of tying our hypothesis 
to speci!c biochemical phenomena such as the !ring 
of neurons and neurological signaling, our approach 
seeks to coherently unite the multiple levels of 
analysis involved in human thought.

"e exercise of reducing cognition to a fundamental 
unit that comprises a series of larger structures 
is important for a number of reasons. Because 
cognition, as we know it, is a human construct (i.e., 
a series of biological processes deemed to compose 
intelligence), our conceptualization of it should 
re#ect the con!guration of the human brain and the 
processes that contribute to thought. At the sub-
molecular level, DNA replication and protein coding 
does not appear fundamentally di$erent from 
other chemical processes; the atomic bonds and 
interactions involved adhere to the same physical 
laws as any other chemical interaction. However, the 
A-T-C-G molecular composition of DNA is no less 
important as a result; this is because DNA amounts 
to the arrangement of ordinary elements into units 
that comprise sophisticated organisms. Similarly, 
the FCU takes ordinary physical phenomena and 
arranges them into units that not only explain, but 
also physically compose thought.

2 What is Cognition?

"e emergence of consciousness from evolutionary, 
developmental and functional perspectives has 



8

The Brain Sciences Journal

been applied in many areas of study. However, an 
operational de!nition must still establish clear 
parameters and fundamental mechanisms of 
conscious cognition. At the outset it appears that 
contemporary research has gravitated towards 
the quantum and electromagnetic theories of 
consciousness due to the fact that so little is known 
about this phenomenon, as well as the fact that 
neurons, the ‘building blocks’ of the brain, simply 
do not possess the inherent properties to !ll the 
same role for cognition. "is is because to deem the 
neuron a basic unit of cognition would be a gross 
oversimpli!cation. Regardless of their cognitive 
abilities, many organisms share this biological 
structure in common with humans. Human neurons 
themselves aren’t qualitatively distinct enough 
to account for our intellectual abilities versus 
other organisms, so the di#erence must lie in a 
combination of the gross quantitative di#erences 
(humans have hundreds of billions of neurons, so 
the possible neural network combinations are greater 
than organisms with physically smaller brains).

Wang (2003) describes a model of human thought 
processing that views information and knowledge 
storage in the brain as a series of relations, or 
connections, between objects and their attributes. 
"is approach is di#erentiated from the container 
metaphor approach common in neuropsychology 
and computer science, which posits that individual 
neurons are the containers for knowledge within 
the brain. "is approach, known as OAR (Object-
Attribute-Relation), suggests that it is the properties 
of connections between individual neurons that 
determine the potential for information retention 
in the human brain [1]. "e paper is o#ered as a 
reference model for the computing/IT industry, 
as well as information scientists; there is a heavy 
emphasis on the comparison between human and 
silicon computing volume/capability. Implicit in 
these comparisons is the notion that the human 
brain performs essentially the same function as 
modern computing hardware, just at a radically 
di#erent speed and magnitude, and with a greater 
breadth of tasks. 

"e relation between ontology and knowledge 
representation is explored in greater depth in 
Guarino’s 1995 paper. As a starting point, Guarino 
treats the distinction between reasoning and 
representation as the same as the philosophical 
distinction between epistemology, or the 
philosophical study of the limits and scope of 
knowledge, and ontology, or the study of nature 
and reality as a whole. In this sense, epistemology 
is ontology viewed through the lens of human 
perception, just as human representation 
through expression is equivalent to reasoning 
viewed through the human cognitive !lter [2]. 
Traditionally, scholars of arti!cial intelligence 
and engineering tended to ascribe knowledge to 
agents or actors who could be observed pursuing 
a speci!c task with some sort of coherent strategy. 
However, Guarino argues that domain analysis 
ought to be considered a task-independent activity 
because there is o$en a multitude of task types 
and solution types, in addition to the occasional 
necessity for communication and collaboration 
between agents [Ibid]. "us, to have such a rigid 
de!nition for knowledge or for intelligence 
would necessarily exclude signi!cant amounts 
of coherent knowledge-based activity. Human 
memory is anchored in the concept of the locally 
observing and locally acting automaton; thus, it 
is not unexpected to see models of intelligence 
that proceed from this perspective. However, it is 
not clear that models for human memory would 
be the best place to start if one wishes to engineer 
memory appropriate for observing and actuating 
in a complex and distributed setting. 

Gero (1990) proposes a multifaceted model 
of knowledge in his approach to interface 
representation design. In particular, his 
conception of relational knowledge is similar to 
that of Wang. Here he argues that variables such as 
function, structure, and behavior, while important 
in themselves, are largely interdependent, and 
it is the relationships of interdependency that 
form the bulk of useful relational knowledge. 
Qualitative knowledge provides information on 
the hypothetical alteration of the interdependent 
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variables of function, structure and behavior [3]. 
In particular, this type of knowledge informs 
the decision-making process by calling upon 
prior experience to compensate for uncertainty. 
Computational knowledge symbolizes mathematical 
relationships between key variables, and constraints 
include knowledge of certain actions that will 
a!ect the range of possible outcomes. Finally, 
context knowledge relates to external variables 
(characteristics of the environment, etc. that could 
a!ect the outcome in question) [Ibid]. What is 
particularly signi"cant about Gero’s approach is 
his perceived need to assign di!erent qualities to 
di!erent types of knowledge; it is as if at a unit level, 
these types he describes have little in common, and 
all are needed for coherent cognition to take place. 
To this end, one might view each ‘type’ of knowledge 
he describes as a basic unit of thought, as A, T, C, 
and G are fundamentally distinct but interdependent 
units of the DNA molecule.

Block (1962) describes the “perceptron,” or a 
series of sensory and associator units connected to 
resemble sensory and analytical components into 
a machine that vaguely models human response 
to sensory stimuli. Stimuli of a certain threshold 
trigger activity in speci"c associator units, which 
then activate those to which they are directly 
connected. #us, di!erent types of stimuli activate 
di!erent networks of associator components. In 
this sense, Block’s perceptron approach to modeling 
brain function is similar to our own in that it 
privileges the connections between components 
rather than the components themselves as the 
primarily important in decoding human thought 
[4]. However, there still remains the question of 
what constitutes a basic unit of connectivity. Does a 
single connection between two associates constitute 
a fundamental unit of perceptron “thought?” 
Studying the structure and function of di!erent 
types of neural connections promises signi"cant 
contributions, but this still begs the question of 
whether these connections consist, at some level, of 
units that are part of the same small set. 

Anderson et al. (1998) developed the ACT (adaptive 
control of thought) a computational/mathematical 
model of cognition. #is theory has multiple 
modules: the perceptual-motor modules, the goal 

module, and the declarative memory module. 
Like the perceptron, this model views cognition as 
consisting of several distinct subtypes that are not 
necessarily composed of the same units [5].

De Waal et al. (2010) perform research that supports 
the idea of cognitive continuity between human 
and non-human primates. According to them, 
mental capacities are based on a ‘deep homology’ 
of ‘the basic building blocks of cognition’ (such as 
homologous brain regions in birds and mammals) 
[6]. Instead of asking which species can perform at 
a speci"c cognitive level, they suggest that a better 
question to ask is what is necessary for that level of 
cognition to take place and how does it work? #ey 
suggest that mental capacities have to be broken 
down to neural level. #ey use mirror neurons as a 
bottom up approach to explain fundamental units 
for motor tasks, memory, future planning, pro-
social behavior and imitation. #is theory is more 
biological as opposed to the mathematical theory 
that comprises the Unitary System and the FCU, 
since it accepts neurons rather than arrangements 
of cognitive structures as a fundamental unit of 
thought. However, the two approaches are similar 
in that they both proceed upward a$er de"ning a 
fundamental unit. 

Aerts (2009) discusses the cognition of concept 
formation and communication of meaning. #ey 
show that it is governed by the presence of quantum 
structure in cognition. #ey show that they can 
derive structure of human thought by interpreting 
quantum representation in a model that centers on 
“emergence due to superposition,” “interference” 
and “speci"c quantum "eld theoretic aspects [7].” 
According to them, human thought comprises two 
layers, the “classical logical layer” and the “quantum 
conceptual layer.” #is model is not as concerned 
with pure linguistic structure. Rather it focuses 
on the “meaning aspects” of concepts and their 
combinations. #is has signi"cant consequences 
for the traditional problem of arti"cial intelligence, 
and the idea that meaning must be ascribed to the 
computational prerequisites of intelligence.

Lamb (2010) introduces the concept of the 
functional web, in which he posits that cognitive 
concepts such as single words and ideas (analogous 
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to semantic primitives) are in fact spatially 
distributed across parts of the brain such as the 
cerebral cortex. Lamb splits these concepts into 
conceptual, motor, phonological image, tactile, and 
visual components, or components that roughly 
align with the senses [8]. !is approach not only 
applies to cognition but also to the concepts 
that comprise it is intuitive since its criteria are 
empirically grounded. In addition, it uni"es 
behavioral and linguistic with neurological activity. 
What the FCU seeks to do in addition is to tie 
cognition not just to speci"c sensory activity but 
also to brain activity in itself. Lamb’s approach is 
more focused on response and activation, but the 
nature of cognition is such that thought can beget 
more thought; an external agent is not consistently 
necessary.

Blais et al. (2011) argue that modeling cognitive 
activity based on synaptic modi"cation depends in 
large part on how synapses are stabilized a#er "ring. 
With respect to synaptic activity, there are numerous 
types of “learning,” each of which has a di$erent 
neuronal e$ect. Hebbian learning, for instance, 
occurs when the connectivity between two neurons 
decreases a#er one produces an action potential in 
the other. It is represented in a matrix as such [9]:

!e selectivity-learning rule, on the other hand, 
incorporates a variable threshold of activation 
because it modulates the type and level of response 
to sensory stimuli (for instance, the di$erence 
between looking at the sun or at the night sky)

 

Blais et al. demonstrate an important mathematical 
connection between biology and temporality, or 
the idea that modeling such processes as cognition 
involves the accounting for change rather than for 
absolute physical values [9]. In this way, Blais does 
for synaptic selectivity what we do with cognition as 

a whole, and in doing so demonstrates the process 
parallelism that pervades natural phenomena. !e 
unitary logic-based FCU is a more generalized form 
of Blais’s analytical approach; that is, it does not 
exclusively deal with stimuli.

Penrose (1991) suggests that consciousness is not 
just complex computation, but instead quantum 
computing of objective reduction, a self-collapse 
of the quantum wave function as a result of 
quantum gravity. He links the mind to space-time 
geometry. However, Penrose never speci"ed the 
anatomical location of the seat of consciousness 
in the brain [10]. Hamero$ et al. (1996) suggest 
that microtubules in neurons are the seat of 
consciousness and perform quantum computing 
[11]. Microtubules have proteins that associate 
with their quantum conformation states and thus 
orchestrate their actions. !us Hamero$ et al. 
calls the quantum states “orchestrated objective 
reductions [Ibid].” According to Hamero$ et al., 
microtubule units can undergo quantum coherence 
across large areas of the brain. !e quantum states of 
microtubules are maintained without environmental 
entanglement for up to 500ms. Microtubule 
units are able to interact with neighboring units. 
Conformational changes in microtubules can 
regulate synapses and other neuronal activities. !is 
mode is related to unconscious activity. Quantum 
coherence among microtubule units occurs 
through electrons in hydrophobic pockets acting 
as a quantum computer. !e associated proteins 
communicate the quantum state to the environment 
and hence collapse microtubules, resulting in what 
is known as orchestrated objective reduction. !e 
selection of quantum states is random. Orchestrated 
objective reduction binds di$erent microtubule unit 
conformations over large areas and at di$erent time 
scales into a conscious though.  

In a general sense, orchestrated objective reduction 
is a form of the popular collapse of the wave 
function theory that asserts that the quantum state 
activity in the microtubules is su%cient to in&uence 
synaptic transmission; thus, it represents a form of 
active conscious control of mental function [11]. 
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!is idea has been criticized because the calculated 
quantum decoherence happens within a time frame 
that would not be biologically signi"cant. Other 
theories have responded by bolstering support 
for orchestrated organic reduction by factoring in 
quantum correction.

Using orchestrated objective reduction as a template, 
we still require results from a testable theorem. For 
instance, there are many clues that indicate that 
conscious processes are necessarily supported by a 
distributed network of synchronous neuronal "rings. 
According to the endogenous electromagnetic "eld 
(EMF), conscious electromagnetic information "eld 
(CEMI) theory, and quantum brain dynamics (QBD) 
theory, among others, the synchrony of the action 
potential "ring creates a local electrical "eld that is 
the substratum for consciousness. Cortical gamma 
oscillation, as well as the observed e#ects of deep 
brain stimulation, TMS and other electromagnetic 
manipulations support the notion that the brain 
does produce an EM "eld that can interact with 
other "elds that in$uence brain function indirectly. 
While each of these theories contributes to our 
understanding of the complexity of consciousness, 
none of them can explain the phenomenological 
experience of agency, or the qualitative distinction 
that marks the conceptual gap between the human 
brain and the human mind. Intention Awareness 
is a sub"eld that approaches this problem more 
directly  1[12] and with recent research has led us 
to believe that, based on quantum spin-theories 
of consciousness, we may need to search for an 
unprecedented form of matter interaction due to 
the dearth of theories that can be used to explain 
cognition. Prior to such a search, however, the 
problem of cognition must be approached more 
directly.

Similarities between the Unitary/FCU approach 

1   Intention Awareness is a similar concept to situational 
awareness in that it incorporates factors of an actor’s 
environment, but it takes a further analytical step by de"ning 
those factors temporally and causally. !us, to be “intention 
aware” means to weave present events and intelligence into a 
causal network of past and future intentions and actions.

and quantum coherence lies in consciousness 
governed by quantum e#ects. Hamero# et al. 
describes microtubules in a minimum of states of 
conformation that trigger consciousness. However, 
the advantage the unitary system has over Hamero# 
et al. in this is that it works at both quantum and 
cognitive level and explains quantum information 
propagation. Also, Hamero# et al. states that 
quantum collapse occurs on a scale of 500ms, which 
is not biologically possible, whereas cognition 
modeled under the unitary system is de"ned by 
di#erent time scales [13]. In addition, the unitary 
system is not spatially limited or level-of-cognition 
limited as Hamero# ’s microtubules are.

Contemporary conceptualizations of cognition 
o%en focus on cognitive structures and its overall 
character, but examinations of its physical nature at 
the unit level are equally important. Baslow (2009) 
frames his argument as a study of how receptors 
receive and transmit information. !is is because, as 
he argues, there are two leading schools of thought 
regarding neuronal communication that are both 
di&cult to verify empirically. !e "rst, “spike timing 
code” theory, suggests that speci"c information 
is carried not only in the average "ring rate of a 
neuron, but also in the precise timings between each 
spike. Alternatively, the “spike rate code” theory, 
posits, “information is coded by the mean "ring 
rate of the neuron, and that spike timing is naturally 
random. Instead of engaging critically with these 
theories directly, Baslow explores the implications 
of both of them for the theory that language persists 
even at the interneuron level. Baslow calls the 
sending language a “two letter alphabet consisting of 
spikes and pauses between spikes that form speci"c 
meaningful reproducible “words” that can be used 
to transmit information obtained from a variety 
of external and internal sensors” [14]. !e main 
advantage of applying language at this level, Baslow 
argues, is its universality:

“!e universal nature of neuronal S/P languages is 
clear in that they can be written in many di#erent 
frequency-encoded formats, and can be translated 
into any number of spoken or symbolic human 
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languages, all with the same meaning. Neurons 
are also highly specialized communicating cells 
that use both electrophysiology, and what appears 
to be a more primitive chemical communication 
mechanism between neurons at chemical synapses. 
!us, it follows that inter-cellular chemical 
communication that is used by a variety of modern 
cells as well as neurons is an ancient trait, and that 
all cells are probably biosemiotic systems” [14].

Baslow further develops the neuron as a semiotic 
object, or one capable of transmitting meaning, 
based on spike action potentials. Each neuron uses 
a simple signaling mechanism for communicating 
with neighbors: that electrophysiological action 
potential spike, which lasts about 1 millisecond, 
along with pauses. “Phrases” are repeated groups 
of spikes and pauses that compose words. Based 
on the S/P language he develops for interneuron 
communication, Baslow concludes that the 
basic “unit” of cognition in the brain is a dyad of 
connected neurons and their dendrites and synapses 
[14]. Two important pieces of evidence underlie 
Baslow’s claim. First, regardless of how information 
is communicated across synapses (rate or timing), 
it is clear that the spikes and pauses are its medium. 
Second, since a dyad of neurons is the smallest group 
across which the S/P language can be used, it must 
be by de"nition the fundamental unit of cognition. 

For Baslow, there are four potential means by which 
neuron dyads can modulate signals sent: the length 
or thickness of the dendrites, and the length or 
width of the synaptic cle#. However, any change 
in the dendritic "eld can bring about a change in 
meaning of the words and phrases transmitted as 
spikes and pulses. !us, Baslow argues that word-
based translation takes place at the neuron level, and 
that words that are transmitted from one neuron to 
another are physically translated into a new spike/
pulse language before they are interpreted by the 
receiving neuron.

!is activity of translation allows for the recall 
of memory engrams encoding speci"c sensory 
recollections; this is because the act of recalling and 

the memory recollected will occur in di$erent spike/
pulse languages, but the meaning of the former will 
be preserved in the retrieval of the latter. In addition, 
Baslow asserts that anomalies in this translation 
process are the mechanisms of pathological and 
drug-induced changes in brain activity. 

!e binary basis for interneuron communication 
Baslow puts forth lends credence to the unitary 
system as a useful formula for decoding cognitive 
activity mathematically. However, his application of 
a broad de"nition of language (one that encapsulates 
both signaling between neurons and speech between 
humans) leads to a conclusion that is divergent with 
our own; namely, that the basic unit of thought must 
be de"ned in terms of biological structures that 
compose the brain.
Many of these approaches to cognition appear 
to assert the need for a conceptual breakdown of 
cognition in order to better model it. !at is, each 
expression, whether linguistic or otherwise, re%ects 
some contextual information, prior knowledge, and a 
rational schema based on qualitative and quantitative 
analysis. Since we posit the notion that each type 
of knowledge or form of thought could originate 
from the same fundamental cognitive units (or, to 
use a computer science analogy, data structures), it 
is important to address these positions. We do not 
believe that we are inherently incompatible with 
them; rather, their models simply don’t have a low 
enough level of analysis to acknowledge the possibility 
that the diverse types and numbers of knowledge and 
processing they propose are, at a basic level, woven 
from the same cognitive fabric. 

To understand how the brain achieves these objectives 
on a consistent basis requires investigation of the 
problem at several levels simultaneously: from electro-
physiology to molecular mechanisms of information 
storage and signaling, to neural network formation 
and trends. From a code and process to automata of 
sensory information, from the functional processes of 
perception, recognition, and behavioral control that 
must be implemented by the brain to the language 
expressed by higher intelligence and adaptation.
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3 The Role of Linguistics 
in deciphering Cognition

We posit that the linguistic base that humans possess 
is shared and rooted in the same natural language 
regardless of the language each of us speaks. While 
some of any natural language has evolved over time 
to include sophisticated semantics, there is a series 
of core grammatical and lexical concepts that have 
remained the same over time. !ese are linguistic 
‘primes,’ which exist both at the word and sub-word 
level. In the latter case, there is a demonstrable 
analytical bias towards speci"c letter and phoneme 
types among francophone and other western language 
speakers [15]. Speci"cally, one study has found that 
“french and italian adults were found to be able to 
track transitional probabilities at the lexical level in a 
context of fixed consonants and variable vowels, but 
not the other way around” [15]. New et al.. (2008) 
concluded, “the scope of the consonantal bias at the 
lexical level is not even limited to the speech modality. 
It actually extends to lexical access through reading.” 
While this does not suggest that cognition is coded 
at the phoneme level, it does lend credence to the 
notion that, like biochemical reactions, cognition is 
composed of a few basic building blocks that can be 
arranged into any number of small concepts or words, 
which can in turn be combined into any of a rich set 
of thought expressions.

At the grammatical level are embedded semantic 
primes, a concept similar to the prime in the natural 
numbers (2, 3, 5, 7, 11, and so forth). Semantic 
primes, like prime numbers, are unique and cannot 
be constructed with other concepts; in this sense, 
they are truly atomic. By studying the low-level, 
indivisible conceptual constructs of languages, we can 
better understand these thoughts and perceptions. 
In addition, specifying a cognitive prime that plays 
a similar role in thought that the semantic prime 
does in language will better elucidate the connection 
between the two.

Semantic primitives, or innate concepts developed 
in the human mind and encoded in spoken 

language without explicit de"nition, provide a very 
basic interface between the human mind and its 
physical surroundings upon which cognition builds 
throughout one’s lifetime. !ey are an intuitive 
point of departure for analyzing the links between 
thought and language. Consequently, linking them 
to other cognitive concepts such as conception, 
perception and intention, it is possible to give 
semantic primes greater context and understand 
them better. By “marrying” data on semantic 
primitives to time-based, intrinsic, consequent and 
contextual value analysis, we argue that it is possible 
to better understand human cognitive processes 
and causes of behavior. !e existence of semantic 
primes suggests that we have as part of our inherited 
human faculties a basic set of innate ‘concepts’ like 
intention awareness, or perhaps more precisely, a 
non-conscious propensity and eagerness to acquire 
those concepts and encode them in sound-forms 
(words) intentions. !e words that those concepts 
become encoded in are called semantic primes, 
or alternatively, semantic primitives — ‘semantic’ 
because linguists have assigned that word in 
reference to the meaning of words. Words that 
qualify as semantic primes need no de"nition in 
terms of other words. In that sense, they remain 
inde"nable. We know their meaning without 
having to de"ne them. !ey allow us to construct 
other words de"ned by them. Anna Wierzbicka’s 
book, Semantics: Primes and Universals (1996), 
grounds this same argument in biologically plausible 
hypotheses and experimental observations [16].

As modern human beings who share the same set of 
types of inherited determinants that make us human 
(i.e., the human genome), all our natural languages, 
despite the diversity of language families, share the 
same basic set of innate concepts, or share the same 
propensity and eagerness to encode the same set of 
concepts in words. Our common grandmother and 
grandfather many generations removed may have 
encoded those concepts in a speci"c vocabulary, and 
therefore had an original set of semantic primes. !e 
dispersal of their descendants throughout the world 
enabled the evolution of many di$erent languages, 
each with a unique set of sound-forms for their 
words. Nevertheless the same set of semantic primes 
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remained within each language, though expressed 
in di!ering sound-forms. "us, all modern humans 
have the same set of semantic primes, though not 
the same set of sound-forms (words) expressing 
them, rendering semantic primes cross-culturally 
universal [16].

4 The Biophysics of Cognition

"e living neuron transmits information by “#ring” 
it, delivering only an action potential. "e inside of 
a resting neuron has a negative charge with respect 
to the outside. Sodium ions are actively pumped out 
of the neuron and potassium ions are pumped in. 
Potassium ions $ow slowly across the membrane 
of the neuron, but sodium ions rarely cross it while 
the membrane is at rest. When the membrane is 
at rest, the electrical gradient and concentration 
gradient act in competing directions for potassium, 
almost balancing out. Both gradients tend to push 
sodium out of the cell. When the charge across the 
membrane is reduced, sodium ions can $ow more 
freely across the membrane. When the membrane 
potential reaches the threshold of the neuron, 
sodium ions enter explosively, suddenly reducing 
and reversing the charge across the membrane. 
"is event results in the action potential. For any 
stimulus greater than the threshold, the amplitude 
and velocity of the action potential are independent 
of the size of the stimulus that initiated it [17].

A%er the peak of the action potential, the membrane 
returns to its original level of polarization because 
of the out$ow of potassium ions. Depolarization 
of the membrane opens voltage-gated sodium and 
potassium channels and the sodium channels snap 
shut at the peak of the action potential [17].

A neuron adds and subtracts excitatory and 
inhibitory inputs until it reaches a threshold, at 
which point it #res a single impulse or action 
potential. At the neuromuscular junction, virtually 
every action potential in the presynaptic motor 
neuron triggers an end plate potential in the 

postsynaptic muscle cell. However, the situation 
at synapses between neurons is more complex 
because the postsynaptic neuron commonly 
receives signal from many presynaptic neurons. 
A single neuron can be a!ected simultaneously 
by signals received at multiple excitatory and 
inhibitory synapses. Just as the brain constantly 
integrates the unary “plus” and “minus” of words 
when generating linguistic expression, so too does 
the neuron continuously integrate these signals 
and determine whether or not to generate an 
action potential based on the unitary system [18].

Generally speaking, atoms such as hydrogen, 
nitrogen, and oxygen, each have a unique marker 
that de#nes its behavior and its interactions with 
other atoms. "is arises from protons, neutron, 
and electron counts and con#guration and, more 
importantly, the ionization energy as de#ned by 
an atom’s valence [19]. "e ionization that takes 
place at the valence shell yields energy. If two 
atoms react and approach one another, it is their 
outer shells that become involved in any chemical 
reactions, such as the synaptic exchange. "us, 
the ionization energy related to synaptic exchange 
is driven by the interactions amongst neuronal 
molecules.

 Shi%ing concentrations of elements within the 
brain, particularly the activity of the ions, create 
an ebb and $ow of charge and energy between 
individual neurons. "e $ow of electron and 
protons as action potentials throughout the brain 
matter gives rise to an energetic #eld that we call 
consciousness, which manifests in language as 
we have previously seen [20]. "us, the Unitary 
System is applicable in modeling the changes in 
this #eld, which result from the output of chemical 
transactions between neurons. In particular, 
neuronal action potentials that drive synaptic 
communication are themselves driven by a rush 
of sodium ions into the receiving cell, a process 
that has a depolarizing e!ect on the membrane 
potential. Recovery, on the other hand, is a!ected 
by a rush of potassium ions through potassium 
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channels. Both of these a!ect what is known as 
the membrane potential of the receiving neuron. 
Membrane potential in a cell derives from two 
factors: electrical force and di!usion. Similarly, 
these are the two primary mechanisms of neuron 
communication. In the former case, the net actions 
of ion channels and ion pumps (such as the sodium–
potassium ATP-ase) embedded in the membrane 
produce di!erences (and therefore electrical charge) 
on the intracellular and extracellular sides of the 
membrane.

From the viewpoint of biophysics, the resting 
membrane potential is merely the membrane 
potential that results from the membrane 
permeabilities that predominate when the cell is 
resting. At any given moment, there are two factors 
for an ion that determine how much in"uence that 
ion will have over the membrane potential of a cell. 
#e $rst is the ion’s driving force, which is the net 
electrical force available to move that ion across 
the membrane. It is calculated as the di!erence 
between the voltage that the ion “wants” to be at (its 
equilibrium potential) and the actual membrane 
potential Em. So formally, the driving force for an 
ion is equivalent to Em—Eion. For example, if there is 
a resting potential of −73 mV, the driving force on 
potassium is 7 mV : (−73 mV) − (−80 mV) = 7 mV. 
#e driving force on sodium would be (−73 mV) − 
(60 mV) = −133 mV. Second is the ion’s permeability, 
which is simply a measure of how easily an ion can 
cross the membrane. It is normally measured as 
the (electrical) conductance and the unit, siemens, 
corresponds to 1 C·s−1·V−1 that is one charge per 
second per volt of potential. If the driving force is 
high, then the ion is di!using in one direction faster 
than the other. If the permeability is high, it will be 
easier for the ion to di!use across the membrane. 
#us, in a resting membrane, while the driving force 
for potassium is low, its permeability is very high. 
Sodium has a high driving force, but almost no 
resting permeability. In this case, potassium carries 
about 20 times more current than sodium, and thus 
has 20 times more in"uence over Em  than does 
sodium.

#e e!ect of increasing the permeability for a 
particular type of ion is to shi& the membrane 
potential toward the reversal potential for that ion. 
#us, opening sodium channels pulls the membrane 
potential toward the sodium reversal potential, 
usually around +100 mV. Opening potassium 
channels pulls the membrane potential toward about 
−90 mV; opening chloride channels pulls it toward 
about −70 mV. Because −90 to +100 mV is the full 
operating range of membrane potential, the e!ect 
is that sodium channels always pull the membrane 
potential up, potassium channels pull it down, and 
chloride channels pull it toward the resting potential.

At the peak of the action potential, on the other 
hand, permeability to Na is high and K permeability 
is relatively low. #us the membrane moves to near 
E(Na) and far from E(K). From this example, it 
becomes clear that the more ions are permeable, 
the more complicated it becomes to predict the 
membrane potential. However, this can be done 
using the Goldman-Hodgkin-Katz equation or 
the weighted means equation. By simply using the 
concentration gradients and the permeabilities of 
the ions at any instant in time, one can determine 
the membrane potential at that moment. What the 
Goldman-Hodgkin-Katz equations tell us is that at 
any time, the value of the membrane potential will 
be a weighted average of the equilibrium potentials 
of all permeating ions. #e “weighting” is the ions 
relative permeability across the membrane.

In neurons, the factors that in"uence the membrane 
potential are diverse. #ey include numerous types 
of ion channels, some that are chemically gated 
and some that are voltage-gated. Because voltage-
gated ion channels are controlled by the membrane 
potential, while the membrane potential itself 
is partly controlled by these same ion channels, 
feedback loops arise which allow for complex 
temporal dynamics, including oscillations and 
regenerative events such as action potentials. Each of 
these variables can modulate the polarity that results 
from each chemical transaction and thus drives 
synaptic communication.
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Figure 1: Ionization Energies of Brain Chemicals

!e model for two populations of neurons to 
address connections to neighboring networks of 
actions, or neuron column, assumes a constant 
production efficiency, meaning potintation or 
activation ratios. !is e"ciency also holds at 
(−10mv) with (+) displacement and a (−20) with 
(−) displacement as in the classical Lotka–Volterra 
equations, which succinctly utilize the energy flow 
principle: in essence, we are energy processors. 

Here the system is divided into two levels, (x and y 
are their respective densities or biomasses in 
the same units) and the yield constant or the 
production efficiency (e), manifests the second 
law of thermodynamics (0 ≤ −e < 1). Since e is a 
constant and the functional response of 1a , f (x), 
is a monotone non-decreasing function, it follows 
that higher density never decreases the flow of 
energy to the next level. In fact, all relationships are 
considered as a (+, −) type, as indicated by the signs 
of the o&-diagonal terms in the community matrix 
or Jacobian of system. 

At a synapse, a neuron releases neurotransmitters 
that excite or inhibit another cell or alter 
its response to other input. Excitatory 
neurotransmitters, the most common type, 
increase 'ring rate. An inhibitory neurotransmitter 
decreases the chances of the neuron 'ring. Each 
neuron is in(uenced via multiple neurotransmitters 

acting at multiple synapses by dozens of other 
neurons [21].

Following the release of a neurotransmitter 
and the subsequent activation of a receptor, it 
is important that the response is terminated 
and the system reset so that a subsequent 
activation can occur. !is is achieved through 
the removal of the neurotransmitter by metabolic 
enzyme activity and by passive or active uptake 
activities. !e concentration of the transmitter 
at the synapse for a longer time period occurs 
if the uptake mechanism is blocked. !erefore, 
a neurotransmitter uptake blocker may have 
an e&ect similar to a postsynaptic agonist of 
that transmitter. For uptake to take place, the 
neurotransmitter must be recognized by an 
uptake mechanism. As a result, it is common for 
structural analogs of the neurotransmitter of this 
process, for example, noradrenaline, serotonin, 
and dopamine. Here, we see the unitary system 
at work in the form of molecular chirality, or 
a molecular property deriving from a lack of 
internal symmetry.

Biological molecules such as neurotransmitters 
exist in mirror image isomers of one another, 
and this is what governs the ligand-substrate 
interaction speci'city necessary for biochemical 
reactions [22][23]. !e recognition of a 
neurotransmitter by its complementary receptor 
occurs due to the unique conformation of each 
isomer-enantiomer ligand, functioning as a “lock 
and key” mechanism. !e two mirror image 
isomer-enantiomer molecules will interact with 
post-synaptic receptors, producing di&erent 
biochemical e&ects. !e ligand-substrate 
speci'city required for neurotransmitter activity 
is conferred by the unique electronic interactions 
between asymmetric molecules [23]. !e “all-
or-nothing” action potential is generated by the 
summation of excitatory and inhibitory signals in 
the form of chiral molecules that are found in a 
S (+) or R (−) isomer-enantiomer conformation 
binding and releasing from the receptor, 
generating a strong enough signal to cause 

(1a)

(1b)
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the neuron to reach threshold. While the chiral 
neurotransmitters are mirror images of one another, 
it is important to remember that they are not the 
same molecule and will not exert the same strength 
of signal upon the receptor. !e salience of the signal 
is determined by the strength of the ligand-substrate 
interaction [24]. !us, the individual e"ects of each 
neurotransmitter are tied to its particular chiral pair 
con#guration.

With regard to the central stimulant actions on a 
regional structure of the central nervous system, the 
S (+) isomer is several times more potent than its R 
(−) enantiomer. !e S (+) isomer is known to induce 
euphoria, whereas enantiomer R (−) has been linked 
to depression [25]. !e overall greater potency of the 
S (+) isomer form in such cases suggests that this 
form may have a higher potential for deep cranial 
stimulant actions and neurotransmitter availability 
in the synapse. 

5 The unitary System: bridging 
the gap between biophysics 

and linguistics

Parallelism in cognitive phenomena

Parallelism in physical processes is a cornerstone of 
the FCU argument. !at is, basic building blocks 
of language (letters) are analogous to DNA’s role 
in protein formation, which is similar to the FCU’s 
role in formulating coherent thought. We argue 
that the underlying units that compose cognition, 
like those of DNA, are relatively simple compared 
with the structures they create. !is applies both 
to the brain itself and the way we perceive it (i.e., 
as a system of sensory inputs and linguistic and 
behavioral outputs). In our approach, we map the 
physical phenomena of cognition to this theoretical 
system. !e functions “unary plus” (+) and “unary 
minus” (–), representing an increase or decrease 
in the underlying measured value, carry su&cient 
computational e&ciency to represent human 
cognition, provided that the same linguistic base 
is present on both sides. !us, demonstrating a 

basic linguistic parity among human minds would 
alleviate the need for a number-theory based 
approach to the conscious brain function that we 
seek to model. Mathematically speaking, in between 
the semantic primes and unary constructs, there 
exists a set of functions, which together with the 
unary construct form a new system of mathematics: 
the unitary system. !e brain communicates within 
itself and with the rest of the body via unitary 
operators. !ese unitary operators carry a state of 
time and space that conveys information necessary 
to decipher any semantic or non-semantic based 
language.

Figure 2: Biological and Linguistic Process Linkage

Since we postulate the existence of FCU and unitary 
system for communication within cognitive systems, 
we expect deeper examination to reveal correlations 
between that unitary system and the neurological 
functions at multiple levels, down to the smallest 
unit level of neurons. For example, the behavior of 
quarks, the smallest measurable particles known 
to man, is governed by 3 combinations of positive 
arrangements and 5 negative combinations [26]. 
When DNA actually replicates itself it does so 
only on prime segments: 3 and 5, 5 and 3 [26]. It 
becomes apparent at the sub-atomic level that this 
5/3 ratio relates to the quantum value of quarks 
residing within the sub-atomic particles, which in 
turn reside in the nucleus of the atom [27]. With the 
quark codes on the state of 3 and 5, and the level of 
e&ciency in doing so allows the body to repeatedly 
produce DNA at a high daily rate. If we look at the 
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chemicals produced in the body, we see that a lot 
revolves around two arrangements of the atoms in 
the molecule – the enantiomer and the isomer; each 
chemical has 12 possible geometric con!gurations, 
with their combinations once again using primes 3 
and 5 [28]. Once the speci!c chemical con!guration 
is known, one can precisely engineer a medicine for 
anything that the body would need, either through 
stimulating the brain or correction of a damaged 
system.
 
"e chemical action potentials that drive neuronal 
communication show the unitary system at work. 
"is is due to the photoelectric exchange ratio, or 
the amount of photonic energy required ionizing 
an atom, or changing its charge state. For instance, 
if we assume that the ratio is 5:3, then 5 photons are 
required to ionize a given atom by 3 electrons.  For 
example, if each photon has 1,759.2KJ/mol of energy, 
then those 5 photons would ionize iron into the 
+3 state.  "e 5 photons would have to hit the iron 
simultaneously though. We theorize, however, that 
each actionable photon should hold the quantum of 
energy required for 1 electron. "us, using the above 
example, rather than having 5 photons at 1,759.2KJ/
mol, we would ideally want 3 photons. "ose 3 
photons would have di#erent energies. "e !rst 
photon would have 759.3KJ/mol to exactly match 
the !rst ionization energy of iron. Photon number 2 
would have 1,561KJ/mol to exactly match the second 
ionization energy of iron. And photon number three 
would have 2,957.3KJ/mol, exactly matching irons 
third ionization energy. Since ionization is a key 
mechanism of intercell communication between 
neurons, this ratio, modeled by the unitary system, 
can be correlated with speci!c cognitive activities.  
A quantum logical gate can be described as a 
unitary operator, assuming arguments and values 
in a product-Hilbert space. From an intuitive point 
of view, it seems natural to see the gate as a kind of 
truth table that transforms + and –. "e gate can 
also be represented as a matrix. One can observe 
the same quantum physics at work when they 
consider cognition at the meso-level by examining 
the physiology of the brain; this is particularly 
signi!cant in that it demonstrates the multi-level 

applicability of the unitary system. "at is, the 
unitary system’s underlying logic holds at both the 
quantum and cognitive levels. 
Using the unitary system, information, coded using 
the FCU, travels from positive/negative cognitive 
constructs, to action potentials in neurons, to chiral 
molecular structures of neurotransmitters, DNA and 
proteins, governed in the end by quantum e#ects. 
On each of these di#erent levels, the unitary system 
is being used to model the propagation information. 
Although it takes di#erent forms at each transition, 
it can be described via a set of related mathematical 
formulas, rooted in number theory, which in turn 
exposes the most basic patterns and sequences of 
our universe.  Understanding these patterns and 
transition will allow us to better understand the 
human mind, and to more precisely engineer speci!c 
compounds that the brain and body need to develop, 
heal, and perform better. 

Information Processing

Does the brain use stochasticity in computation, 
or does it simply average out convergent neuronal 
input? Many scientists assume the latter, but those 
that challenge this assumption have to deal with a 
lack of mathematical tools. Active properties are 
based on the aggregate behavior of many voltage-
gated ion channels that are in themselves stochastic 
mechanisms; tools already exist for the examination 
of these processes. "e Shannon-Weaver Model of 
Communications (SW), for instance, states that there 
are three levels, or obstacles, that must be overcome 
when constructing a system of interaction [29]. In 
our case we are essentially reverse-engineering an 
existing system, but the claims made by this model 
are still equally relevant. In particular, this model 
calls for technical, semantic and e#ectiveness aspects 
of an interaction system to be resolved before it is 
deemed e#ectual [29]. 
"e S-W model asks us how accurately the symbols 
of communication are transmitted; that is, if the 
rate of errors is low enough to maintain overall 
functionality. In the case of the human brain, it is 
clear that synaptic electrochemical mechanisms do 
a su$cient job of communicating signals between 
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brain cells, but does the Unitary System and FCU 
properly account for this? !e S-W model also 
demands conveyance of the precise meaning of 
symbols, and for the message to a"ect behavior in 
the intended way. 

With regard to the communication aspect of the 
S-W model, a lot of signal noise occurs in neuronal 
transmission; in fact, transmission probability (i.e., 
the probability of reception) can be as low as 10%, 
and thus the method of neuronal signal transfer in 
itself is not particularly reliable. !is is compensated 
for by greater redundancy. More reliable and 
stronger synapses do exist, but short-term signal 
modulation is di#cult with these, as if habituation 
to transmitting a speci$c signal or type of signal 
improves the synapse. On the other hand, short-
term modulation capacity’s tradeo" is the fact that it 
depends on frequency and use-history. 

In neurons, information is transmitted as “spikes;” 
it is unclear how exactly these spikes encode 
information, and there is a continuing debate in the 
$eld about whether the timing of these spikes is an 

important informational component.  Conventional 
wisdom argues that the average $ring rate is more 
important, and this is due to the apparent correlation 
between stimulus strength and $ring rate. However, 
the observation of neuron $ring rate by external 
measurement has some built-in latencies that make 
accurate measurement of these $gures di#cult [14].

Figure 3. !e Physical Process Hierarchy

Figure 4. !e Energy Output of an ATP Transaction 
Measured with Respect to Current Gradients
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!ose who support the notion that neuron spike timing 
is important fall into one of two camps. First, there are 
those who argue that interspike intervals in the activity 
of a single neuron can potentially transmit information. 
In addition, others believe that the relationship between 
spike timings of di"erent neurons may be important 
to the conduction of information. !e latter argument 
is based primarily on the notion that synchronized 
neuron #ring is an e"ective mechanism for activating 
postsynaptic cells, and is therefore an e"ective means 
for encoding information, especially in dynamic 
environments [Ibid].

It is very di$cult to conduct experimentation on 
neuron spike timing because statistical approaches 
such as principal component analysis don’t o"er 
insight into the coding strategies of neurons. 
Consequently, there needs to be signi#cant progress 
in statistics and theory of stochastic information 
processing before a conclusion can be reached. 

Proceeding from our prior assertions that the 
brain is fundamentally a linguistic computational 
engine and that its processes can be modeled 
topologically, we argue that the qualitative and 
quantitative speci#cation of a Fundamental Code 
Unit is a prerequisite to a robust model of human 
cognition. !is is because it will allow more accurate 
computational and mathematical reproduction. !e 
FCU is not speci#c to one level of cognitive analysis 
(i.e., biochemical, quantum, psychological etc.) but, 
once speci#ed, serves as a building block for the 
construction of new analogous thought structures 
outside the brain.

In order to support the notion that the FCU is the 
building block of thought, we must seek speci#c 
arrangements of phenomena within the brain. 
Within the brain, the FCU will correspond to 
the biochemical and molecular interactions that 
govern human thought. !at is, synapse interaction 
and activation, as well as the protein exchanges 
between neurons, will comprise the FCU. In what 
way they do so, however, will depend on how the 
structures of linguistic expressions and cognition 
are re%ected at this biochemical level. !us, we 

seek to intuitively connect the simplest, most 
fundamental components of thought with the 
sophisticated, intelligent cognition we experience 
as thinking humans. !e goal is thus to specify 
both the quantitative characteristics (i.e., how many 
molecular interactions or semantic components are 
needed to generate thought?) and the qualitative 
characteristics of cognition (i.e., what do FCU 
components and processes do in concert that would 
not be useful to our understanding of cognition if 
they were considered alone?).

If cognition is composed of like units, each must 
account for the various sources of conscious thought. 
!e act of thinking, or reasoning, calls upon events 
in both long and short-term memory, in addition to 
applicable learned concepts. Because language maps 
thoughts to a coherent expression, linguistics is a 
potent source of cognitive insight. !e FCU takes 
this relationship between thought and linguistic 
expression a step further by mapping the underlying 
physical processes that ultimately lead to this 
expression of language and behavior. Since cognition 
is a spatial as well as temporal phenomenon, the 
units that describe and comprise it must re%ect 
both of these dimensionalities. !us, we introduce 
the mind state, or a physical approximation of the 
human mind or a subset of it at a given point in 
time, and use the Markov Decision Process model to 
map its transitions through reasoning and decision-
making.

In cognitive processes, predictions based on the 
present are not made any more precise through 
additional information on the past. All useful 
information for predicting the future is contained 
in the current state of the process. One of the most 
useful tools for studying this property is the Markov 
chain. A Markov decision process (MDP) allows 
individuals to make decisions when there is inherent 
certainty about the current state and uncertainty 
about the e"ect of their actions.
Assuming that a state of mind evolves over time, 
then any change has a given probability of being 
positive or negative. Now, should one want to 
control the state of mind, there is a range of 
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possible actions (e.g., therapy) that, in turn, are also 
probabilistic. !e e"ciency of the control exerted 
is measured based on the positivity or negativity of 
responses throughout the experiment. !e process 
can be summarized as follows: when in state s, there 
is probability p that, having chosen action a, the 
subject #nds himself in [new] state s’ with bene#t 
b. !e progression of mind states corresponds to 
a Markov chain. In other words, the mind follows 
a sequence of distinct states over time, based on 
the probability of each transition. According to 
Markov’s hypothesis, transition probabilities depend 
exclusively on n previous states. Generally, n is equal 
to one in order to restrict analysis to the current state 
and the following state.

A Markov process is an {S, A, T, R} quadruplet 
where:

S = {S0, …, S|S|} is the !nite discrete set 
of possible states

A = {a0, … a|A|} is the !nite discrete set
 of possible actions

T : S × A × S → [0;1] is the function 
describing the change in state 

resulting from the control actions

Generally, the T function is probabilistic: 
p (s’| s,a) = T (s, a, s’) being the probability that 
the mind goes from state s to s’ when action a is 
undertaken. R : S × A × S → Â is the reward function 
indicating the real product of choosing action a while 
in state s in order to achieve state s’.

Figure 5: A MDP Showing Transitions Between $ree Mind 
States.

Figure 5 represents a MDP for three di'erent states 
{S0, S1, S2}, shown in green. From each state there is 
the possibility of choosing an action from the set {a0, 
a1}. !e red nodes therefore represent a potential 
decision (the choice of an action in a given state). 
!e numbers indicated on the black arrows indicate 
the various transition probabilities for each decision 
node. Finally, the transitions can generate rewards, 
as shown by the upward yellow arrow (+5) and the 
downward yellow arrow (–1).

!e transition matrix drawn from a0 is:

!e transition matrix drawn from a1 is:

With regards to rewards, there is a +5 reward when 
going from S1 to S0 by doing a0 and a -1 reward 
(also called penalty) when going from S2 to S0 by 
doing a1. Using this mind-state mechanism, we 
argue that it is not only possible to approximate 
cognitive processes in a computationally e"cient 
manner, but that these same processes occur in the 
physical realm.

Taking the analysis a step further in the spatial 
direction, we introduce an algebraic component. 
Begin with an in#nite set S representing brain 
regions that may be activated by some means. We 
introduce a σ-algebra A on that set, and call the 
elements aDA activation sets (by de#nition, a�S). 
Next, we introduce a second set W whose elements 
are labeled concepts in the brain that correspond to 
words. For some subset A�A there is a mapping P: a 
D A → w D�W called the concept activation mapping. 
!e elements a of A are action potentials. Let P: D�
W → ã D�Ã be a mapping we call the brain activation 
mapping. Let μ be a measure on S and let F:A→{+,−} 
be a parity mapping. An axiology is a mapping Ξ: W 
→{+,−} generated by computing f(w)=ᩱᇹF(s)(d(μ))  with 
a=P(w) and then projecting Ξ(w)=sign(f)



22

The Brain Sciences Journal

Symbol Description Properties
S Brain regions
A Activation sets a DA �a �S

ࣛ Concept 
activation sets ࣛ �A

W Concepts

P
Concept 

activation 
mapping

P: a’ D�ࣛ7w DW

Ξ Axiology ΞAW →{+,- }
F Parity mapping
μ Weight mapping

$is system describes the mental mood states of 
an individual by examining the mind’s abstract 
structures. $roughout the brain there are various 
forms of activations (electrical, chemical, biological) 
each contributes individually or within groups 
to the formation of new concepts, which de%ne 
a positive or negative mental state. Series of such 
activations form an activation set, this set represents 
a connected structure for each activated region, 
which is de%ned in terms of a node. $e node 
circumference changes based on the duration of the 
region being activated and the re&exivity is due to 
the re-activation of this region at di'erent instances. 

Figure 6: Integration of a Node Activation of a Set Integration 
Using the Unitary System Axiology

6 maximum Entropy Statistical 
Analysis of the unitary System

and FCu 

$e Maximum-Entropy (Maxent) model of 
statistical analysis can be used to test the %delity of 
the predictions made using the Unitary System, as 
well as to determine how much and what type of 
data should be encapsulated in the Fundamental 
Code Unit. Maxent is a discriminative, or 
conditional, model that accepts input data and uses 
its inherent patterns to infer about missing data - in 
this way, the results of a Maxent analysis become 
more accurate not only in proportion to the amount 
of data available, but the type of data as well. 

To construct a Maxent model for Unitary System 
analysis, we must establish several prerequisite 
features, or pieces of evidence tying observations 
(i.e., empirical data), to our predictions about 
them. In Natural Language Processing (NLP), 
these features o(en include the speci%c word being 
analyzed, its shape (hyphens, su)xes and pre%xes 
etc.) nearby words, and their features. [30] In the 
case of the FCU under the Unitary System, we 
can use Maxent not only to examine the features 
FCU at the unit level but also the correlation 
between Unitary System mathematics and the 
process by which fundamental code units are 
transmitted within the brain, and then expressed 
behaviorally. $us, we are testing two separate 
analytical levels using Maxent. $e %rst is the 
qualitative composition of the FCU, or the features 
it encompasses. Comparing the FCU to linguistic 
expressions and other behavioral observations will 
allow measurement of the conceptual preservation of 
the FCU. We are also measuring similar preservation 
between the Unitary System’s unary function-based 
model and the observed spike-pulse alphabet that we 
observe within the brain.

7 Application for unitary System 
and FCu

$e unitary system promises a straightforward 
approach to modeling cognition as an intuitive 
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Figure 7: !e Translation of Physical Into Cognitive Phenomena
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mathematical model. !is system is applicable at 
multiple levels of brain function, from language 
acquisition to neuronal interaction to DNA 
replication and the subatomic processes that govern 
it. We argue that the strength of the unitary system 
lies not only in its wide applicability in the cognitive 
realm but in the new opportunities it o"ers to 
researchers and scholars of cognition: the ability to 
discern a fundamental unit of thought. Combining 
the unitary system with empirical data promises to 
help determine not only the quantitative minimum 
of cognition (i.e., the number of active neuronal 
connections that form conscious thought), but its 
qualitative foundations as well. 

Ultrasound

Ultrasound is well established as a diagnostic 
imaging tool but its therapeutic potential, 
particularly for central nervous system disorders, 
has been largely overlooked until now. Recent 
technological advances now allow transmitting and 
focusing of ultrasound through the intact human 
skull using an array of phase-corrected ultrasonic 
transducers placed on the cranium [31]. As the 
technology matures and the control over brain 
e"ects becomes more #ne-grained, an understanding 
of the structural relationship between cognition 
and its physical media will allow greater therapeutic 
strides to be made. 

Such non-invasive, focused ultrasonic intervention 
permits thermal (high power) and non-thermal 
(low-power) modes. Non-invasive, thermal ablation 
of thalamic nuclei using ultrasound has recently 
been demonstrated to be e"ective in the treatment 
of neuropathic pain patients [32]. We argue in favor 
of the use of non-invasive, focused ultrasound in 
non-thermal stimulation and suppression of neural 
activity [33]. We hypothesize that non-invasive, 
transient and focused ultrasonic neuromodulation 
(USN) o"ers great potential for the therapy of 
psychiatric disorders that are associated with 
dysfunction in de#ned anatomical structures but 
evade e"ective pharmacological treatment.

Discourse Analysis

Within the realm of cognitive studies, we posit 
that one can analyze a state of mind as “positive” 
or “negative,” which can also be expressed along 
the time axis, as being future-oriented or past-
oriented. Human cognitive architecture allows us 
to digest information as negative or positive values. 
However, it is by processing our cognitive structure 
with this cognitive architecture that we can judge 
whether a given concept has a positive or negative 
value. During discourse, we unconsciously select 
words, which signify positive or negative concepts 
[34]. !us, unary functions, i.e., ‘+’ and ‘–‘, allow 
e$cient processing of language information 
provided that you have the same linguistic base on 
the communicating parties. !e linguistic base is 
essentially the sum of any natural language, which 
evolved over time to include semantics with level of 
sophistication and potency, built on the foundation 
of embedded semantic primes. !e semantic primes, 
i.e., concepts that are understood intrinsically, 
have positive or negative values in the shared value 
system, or axiology [34].

Analyzing discourse, one can deduce positive 
and negative values for speci#c words, based on 
the intrinsic value, time orientation, context, and 
frequency. Internal or inter-personal discourse, 
associating concepts with their positive or negative 
values (e.g., abstracted as reward/punishment, 
pleasure/pain, etc.) drives the actions and attitudes, 
and can thereby be quanti#ed, analyzed, and 
corrected. !is has applications for diagnostics 
and treatment of mental disorders, starting with 
depression, and general implications for cognitive 
modeling. Mathematically speaking, in between the 
semantic primes and unary constructs, there exists 
a set of functions, which together with the unary 
construct form the new system of mathematics – 
the unitary system. !e brain communicates with 
other organs, and within itself, in unitary operators. 
!e unitary operators carry a state of time and 
space, conveying all that is necessary to decipher 
any semantic- or non-semantic-based language, 
including pictorial languages. 
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Figure 3 depicts the underlying actions that 
take place in the brain at the various levels from 
biological, electrical, chemical through the cognitive 
and linguistic levels. Here, we are trying to trace 
how a word, in this particular example “Life” can 
be viewed by a patient and what formulates the 
mood state associated with it. Words are processed 
in the brain based on their letters and how each 
letter relates to the other from a value standpoint. 
When analyzing a word value we cannot disregard 
the fact that each group of words can represent a 
concept that could be signi!cant to understanding 
a patient’s state of mind. Looking closely at what 
triggers this mechanism of word valuation and 
mood identi!cation, we !rst examine the atoms 
that react and interact with one another while their 
chiral molecules produce di"erent biochemical 
e"ects that in turn generate electrical signals. #e 
signals characteristics specify the isomer-enantiomer 
molecules that result in euphoric or depressive 
state of mind respectively. #ese mood states are 
associated directly to the energy generated at various 
signal spectrums. 

#e resultant S+ and R- will trigger chemical 
secretions at the synaptic levels and uniformity of 
such interactions will result in a unary operation 
that compensates for the elevated levels of such 
chemicals. Only signal frequencies that are involved 
in this particular evaluation are considered. Hence, 
frequencies < 4Hz are only taken in consideration 
for the sake of our example. In other cases, we look 
at di"erent frequencies associated with the neuron 
activation. Particularly, in some instances we might 
need to consider these signals at di"erent time 
frames and frequency oscillations due to their direct 
a"ect in determining the value of each letter or 
word. #e operation that takes place at the synaptic 
level generates various resultant signals, which 
when correlated generated signal amplitudes that 
represent various letters of the alphabet. #is unitary 
system produces particular signals with amplitudes 
and oscillations that are directly associated with 
letter values and mood characterization. A$er each 
letter has been thoroughly examined and analyzed 
compared to the previous and preceding letter, 

it is subjected to a value assignment which when 
calculated as a whole produces a positive or negative 
axiological value that represents a mood state at that 
particular time instance within a speci!c context. 
Although the various words form concepts some, 
especially if they are universally accepted, form 
conceptual metaphors, which are evaluated using the 
same framework, described here. 

A practical application of this form of discourse 
analysis is the LXIO cognitive mood analyzer, which 
parses sentences into words that are processed 
through modules to evaluate cognitive states.  Words 
are processed through time orientation, contextual-
prediction and consequent modules. LXIO relies 
on two core concepts in its formulation of mood: 
!rst, human states of mind are a spatiotemporal 
phenomenon. #at is, the human mind’s progression 
from one state to the next can be quanti!ed by 
variation in these units, which in turn forms a 
pattern of change over time that can be mapped to 
coherent thought.

Regardless of language, LXIO takes into account 
linguistic expressions. LXIO is a word-value-based 
analyzer that assigns positive and negative values 
to each parsed word based on the modules. #e 
primary metrics for LXIO analysis include the time 
frame, orientation and concept set of the words 
spoken by the subject. #is way, the activation 
of certain concept sets can be correlated with 
environmental and physiological variables in order 
to determine the causative agent in thought process, 
as well as its future progression.

As an alternative to the compartmentalized notion 
of cognition many researchers propose, LXIO is 
a testable means of insight into the relationship 
between language and underlying cognitive 
structures; it promises to yield techniques for 
automated diagnostics of PTSD, depression 
and similar symptoms, as proof of concept [34]. 
Using metrics such as the cultural or traditional 
signi!cance of spoken words and phrases, the 
frequency with which they are used, and their 
context relative to other phrases, LXIO projects 
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the “value” analysis of a given statement. !us, 
in its analysis of mood state and diagnostics, 
LXIO subjects all input to the same fundamental 
mathematical transformation, and in doing so it 
produces positive clinical results [34].
With respect to cognition, the signi"cance of LXIO 
is its ability to incorporate conscious thought and 
its bodily expressions, linguistic or otherwise, into 
a uniform code schema. !e ability of LXIO to 
diagnose brain conditions based on mood analyzed 
through speech lends credence to our view that the 
whole of cognition, including language, consists of 
a series of di#erent structures arising from the same 
units.

fMRI Neurofeedback

Shibata et al. (2011) describes a fMRI 
neurofeedback method for inducing visual 
perceptual learning that bears relevance to 
our position in that their "ndings contain two 
important implications: First, visual perceptual 
learning (VPL) in the Early Visual Cortex of 
adult primates is su$ciently malleable that fMRI 
feedback can in%uence the acquisition of new 
information and skills when applied to the correct 
region of the brain [36]. Second, these methods 
can induce not only the acquisition of new skills 
and on formation but can aid in the recovery of 
neurological connections that have been damaged 
by accident or disease. For instance, a trauma 
victim su#ering from language skill loss can 
potentially recover those skills through fMRI 
neurofeedback induction. 

What Shibata’s paper shows us about the structure 
of thought is that the FCU, which we seek in 
cognition must be based on some "nite number of 
neurological connections – those same connections 
in%uenced by the activity of fMRI neurofeedback. 
!is process does not target a single neuron, but 
a locality of connected neurons, and based on 
its positive e#ects on the conscious process of 
Visual Perceptual Learning, the FCU represents 
that reality. In addition, Shibata’s fMRI induction 
research can provide powerful evidence for the 

composition of thought because it can be used 
to determine the minimum amount of neuronal 
connectivity for the formation of thoughts. 

Toward a superior computational understanding of 
brain function

In order to study brain function, some researchers 
have attempted to reverse-engineer neuronal 
networks and even the brain itself. !is approach 
was based on the assumption that neurons in-
vivo acted just like simple transistors in-silico. 
Unfortunately, both network and whole-brain 
modeling have led to very little insight into actual 
brain function. !is is largely because transistor-
based computing reacts to static events whilst 
neurons can react to processes. In contrast to 
transistors, neurons can establish and change their 
connections and vary their signaling properties 
according to a variety of rules, allowing them to 
adapt to circumstances, self-assemble, auto-calibrate 
and store information by changing their properties 
according to experience. Consequently, a detailed 
understanding of neuronal function and network 
organization is required prior to neuronal network 
modeling attempts.

Economy and e$ciency are guiding principles in 
physiology [37]. We thus argue that understanding 
the design rules which shaped neuronal function 
and network organization will help us in 
understanding and modeling of brain function. !is 
notion was already recognized about 100 years ago 
by Ramon Y Cajal, who stated “all of the formations 
of the neuron and its various components are simply 
morphological adaptations governed by the laws of 
conservation for time, space and material” [37].

!e structural and physiochemical relationships that 
connect resource use to performance in the brain are 
determined by three major constraints: geometrical 
limitations on packaging and wiring, energy 
consumption considerations, and energy-e$cient 
neural codes.

One obvious di#erence between current in-silico 
technology and the brain is their three-dimensional 
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organization. Most microprocessor chips use 
a small number of layers of planar wiring. In 
contrast, neurons wire in a complete 3D fashion. 
Various studies have examined optimal geometric 
patterns of connectivity; and !nd that neurons, 
arranged in cortical columns, strike the optimum 
balance between two opposing tendencies: 
transmission speed and component density [39] 
[40]. Understanding the design rules underlying the 
micro-level column organization thus will be crucial 
for a better understanding of the brain as a whole.

Energy usage poses another conspicuous di"erence 
between neural networks in-silico and in-vivo. #e 
Blue Gene/IP supercomputer used to model a cat’s 
cerebral cortex, requires several times more energy 
than an actual cat brain and still runs about 100 
times slower [41]. #e main issue is that transistor 
based networks convert most of the energy used 
into heat. Brains make considerably more e$cient 
use of the energy they consume (about 20% of the 
resting metabolism[42] [43] [44]. Of this energy, 
about 50% is used to drive signals along axons and 
across synapses with the remainder supporting the 
maintenance of resting membrane potentials and the 
vegetative function of neurons and glia. It should be 
noted that cortical gray matter consumes a higher 
proportion of energy (75%) than white matter, 
highlighted by the fact that global connectivity in 
the cortex is very sparse: the probability of any two 
neurons having a direct connection is around 1:100 
for neurons in a vertical columns 1 mm in diameter 
but only 1:1,000,000 for distant neurons [45]. #ese 
!ndings point to another major design rule: use the 
majority of resources for modular, local signaling 
and computing (gray matter) and spend the rest on 
long-range communication (myelinated axons: white 
matter) linking the distributed computational units.

#e development of a FCU promises several 
important applications for brain disorders as 
well. Crespi et al.. (2009) demonstrate a diametric 
relationship between the genes a"ecting autism 
and schizophrenia. Speci!cally, there exist four 
speci!c genetic loci at which deletions are linked 
to autism and duplications to schizophrenia, or 

conversely, deletions are linked to schizophrenia 
and duplications to autism [46]. #is unexpected 
structural link between two otherwise unrelated 
brain disorders has several important applications. 
First, it is indicative of a fundamental similarity 
between inherited brain disorders as a whole - not 
only in the way that they a"ect the brain, but the 
patterns of genetic a"ect that cause them. Second, 
it provides an important application for the FCU 
not only as a way to quantify what we de!ne as 
cognition, but as a benchmark for faulty brain 
processes. Like cognition, language and DNA itself, 
brain disorders may be analogous in the sense that 
they are also complex combinations of a few simple 
processes such as genetic mutation at speci!c loci.
Finally, energy constraints also govern the 
optimal coding schemes. It is well established that 
redundancy reduction is a major design principle 
in the cortex [47]. By maximizing the ratio between 
information coded and energy expended for signal 
transmission and resting state maintenance, sparse 
coding regimes improve energy e$ciency[48]
[49][50]. Sparse coding regimes, in which a small 
proportion of neurons signal at any one time, have 
the additional bene!t of a large representational 
capacity [51][52].

An improved appreciation of the geometrical 
and energy constraints that are fundamental to 
the functioning of the brain should provide a 
valuable guide for the study of neuronal network 
architecture and coding. We have already learned 
that neurons do not statically integrate information 
as transistors do and also that the electric !elds 
generated by neuronal activity in turn can a"ect 
neuronal activity itself [53]. We should thus ask 
whether it is appropriate to assume a binary code 
for neural networks or whether a more holistic view 
is required. Current attempts to computationally 
mimic brain function attempt to do so by !tting 
form to expected function; our unitary system 
proposal o"ers an alternative to persisting in a 
computer hardware-inspired understanding of 
the human brain by asserting the necessity of 
comprehending the physical expression cognition on 
each medium at which it operates. 
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8 model

We are proposing a system that models the di!erent 
mediums of brain function in a mathematically 
uniform manner. "is system manifests itself in 
many ways relating to brain physiology, from 
neuronal activity, to molecular chirality and 
frequency oscillations. An improved appreciation 
of the geometrical and energy constraints that 
are fundamental to the functioning of the brain 
should provide a valuable guide for the study of 
neuronal network architecture and coding  A better 
understanding of intelligence can help scholars 
of arti#cial intelligence overcome the energy 
consumption and e$ciency obstacles they face 
in reproducing the human brain’s performance 
at the hardware level. Modeling brain function 
promises insights to the paradox of the low energy 
consumption and high cognitive output of the brain.
A method for e$cient coding at the level of neuro-
linguistics is explained here. "e process by which 
the brain analyses the mental state of an individual 
provides is an e$cient learning algorithm and a 
great example of e$cient coding. One of the ways 
in which the brain examines the mental state of 
an individual is to analyze the mind’s abstract 
structures. "roughout the brain there are various 
forms of activations (electrical, chemical, biological) 
each contributes individually or within groups to the 
formation of new concepts, which de#ne a positive 
or negative mental state calculated by the Mood 
State Indicators algorithm (MSI) [34].

Brain areas that underlie value-based choices should 
receive value-based inputs from all choice options 
and then decide a winning value choice. Several 
authors used a neural network model to mimic 
the choice decisions and found that value-based 
decision-making occurs at low frequencies of <10Hz. 
"ey studied Magnetoencephalography (MEG) 
data from humans to con#rm their network model 
and determine brain areas corresponding to the 
value comparison. "e parietal and the prefrontal 
cortices were implicated in value-based choices. "e 
advantage of MEG is that possesses high temporal 

resolution as the value comparison is being made 
and can detect more accurately than fMRI the time 
a%er the decision has been formed and how the 
choices are made over time [54].

"e parameters that are used for the network 
model such as frequency oscillations are related to 
biophysical properties such as inhibitory (-) inputs, 
concentration of neurotransmitter, which can 
be measured locally using fMRI/MEG/magnetic 
resonance spectroscopy (MRS). "erefore MEG can 
be used to measure FCU in frequency oscillations 
associated and fMRI used to measure brain areas 
involved during axiology (another level of FCU 
analysis) using the MSI algorithm during patient 
testing in and MRS can be used to determine FCU 
in neurotransmitters involved. For example, the 
frequency oscillations that are based on excitation/
inhibition balance in patient’s brain is measured 
using fMRI+MRS+MEG as patients are in 
discourse, and simultaneously, excitatory/inhibitory 
neurotransmitters are correlated. "erefore, multiple 
modalities can be used to measure FCU at di!erent 
levels in parietal and prefrontal cortices in response 
to discourse, where mood states and word value can 
be also calculated. 

By recording from the OFC and ACC of monkeys’ 
brains some scientists were able to train monkeys 
to make decisions. "ey found that OFC neurons 
evaluate a choice based on recent choice values, 
while ACC neurons integrate multiple decision 
parameters, positive and negative values, predictions 
and errors to evaluate choice. If these brain areas 
are damaged, it results in impaired decision 
making, suggesting these areas as the seat of value 
comparisons in the brain. "e neuronal coding 
scheme employed by prefrontal cortical neurons was 
based on associating di!erent #ring rates to di!erent 
aspects of decision-making. However, they found 
that ACC uses a positive valence-encoding scheme 
for all aspects of decision-making and evaluates 
reward prediction errors [55]. 

"e OFC is likely to be activated during context 
based word value decisions and encodes an adaptive 
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value signal that changes based on recent value 
history, while ACC during and encoded value 
on a !xed scale to evaluate how choice outcomes 
are related to prior expectancies. "is provides 
the subset of prefrontal cortical neurons that are 
involved in determining value and can be identi!ed 
in imaging studies as the regions correlated to word 
value axiology. "e coding scheme of neurons 
to calculate value and compare is reminiscent of 
FCU and comparing + and – values and forming 
an aggregate output. Hence, we can suggests that a 
write modality to feedback di#erent word values or 
mood states can be used to control OFC and ACC to 
improve mood states and decision making. 

Hence, if we were to trace the activations that trigger 
such behavioral outputs we !nd them at various 
levels. A series of such activations form an activation 
set, this set represents a connected structure for 
each activated region, which is de!ned in terms of 
a node. "e node circumference changes based on 
the duration of the region being activated and the 
re$exivity is due to the re-activation of this region 
at di#erent instances. Each node representing a 
form of activation can also be connected to another 
node that can vary in shape and time orientation. 
"e segment connecting the various nodes to one 
another represents the time orientation. Once this 
connected structure is formed, a new activation set 
is created. "is activation set can also be connected 

with other activation sets to create a concept set. In 
other words, nodes within the same set are added 
together based on the unary system computation 
and they are represented in terms of waveform 
signals that are weighted by a statistical coe%cient 
to produce a resultant active node.

Figure 9 introduces the concept set. Concept sets 
consist of two or more activation sets. "ese sets 
have been generated through the interaction of 
neural activity at the various cognitive levels. Each 
node of those sets represents an active region that 
is either dependent on other regions to complete 
its “cognizant” state or is self-dependent but cannot 
form a comprehensive notion. Two active states can 
form a uniform concept and interact together to 
de!ne a concept set.

Each node represents an active region of the brain, 
which consumes energy to maintain continuous 
neural activity. "roughout the various stages of our 
analysis energy is being generated and propagated 
from the molecular level to every signal mechanism. 
Looking closely at the activation sets we can clearly 
distinguish the various levels of interaction ranging 
from chemical/biological, electrical to cognitive-
energy activation of brain regions. Components 
at each level interact with one another in a unary 
structure producing a consistent function of activity. 
As a whole the various levels that activate these 
brain regions form a unitary system of operation 
that a#ects the brain from the molecular through 
biological to the cognitive levels to interaction.

Figure 8: !e Neurotransmitter’s Role in 
the Cognitive Process

Figure 9: Two Concept Sets (1&2) Each Contains 
2 Activation Sets (A,B,C,D)
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!e concept set is the set of concepts derived from 
the connected-activated sets, which produce an 
axiological value that represents a mood state a"er 
being projected on a positive and negative plane. 
!e concept set is de#ned by the activation set with 
higher value. !erefore, a concept can be formed 
when other activation sets are elements of it, but 
their contribution (e$ect) is diminished by another 
dominant activation set. !e value of the resultant 
concept set can have various ranges from positive 
in#nity to negative in#nity, only a"er its projection 
that these values become a unitary positive or 
negative. Correlated and dependent concept sets 
form a conceptual metaphor that remains consistent 
in terms of its axiological value despite changes in 
time.

 

9 Conclusion

In this paper, we #rst laid out several problems 
facing contemporary scholars of cognitive science. 
First is the diverse set of de#nitions of cognition that 
pervade the research discourse. While many believe 
that thought consists of several fundamentally 
di$erent subtypes, we went on to argue that, 
like DNA or a grammatical alphabet, cognition 
is a complex construction of a series of simpler 
constructions, or fundamental units, and that the 
overall behavior of cognition in terms of these 
units can be described using a unary mathematical 
scheme known as the unitary system.

While decoding the exact composition of each 
“letter” in the alphabet of thought from the sheer 
combinatoric complexity of the brain is outside 
the scope of this paper, we have shown biophysical 
evidence for a set of simple signals that compose 
cognition, and using 
the unitary system, we have also demonstrated a 
clear link between those signals and the linguistic 
expressions of conscious thought. In particular, we 
argue that concepts articulated linguistically can 
be placed on a continuum of positive and negative 
values based on factors such as environmental 
variables and linguistic and behavioral context. 

We argue that these processes are closely inter-
related and can be described mathematically in 
a uniform manner.  !e multi-level model of 
information exchange in biological systems, from 
abstract concepts in the brain down to the molecular 
interactions guides the development, functioning, 
and communication within the brain. !e schema 
of coding is utilized to express behavior, intelligence, 
cognition, and conscience. !e schema code governs 
fundamental neuronal communication across all 
brain activities, and forms the fundamental unit of 
thought. !e link between cognition and linguistic 
articulation means that the unitary system can be 
used to model cognition both at the biophysical 
level and at the linguistic and system levels, and 
showed that it is imperative to comprehend its 

Figure 10: Levels of Interaction in Concept and 
Concept Activation Sets

Figure 11: Concept Set Connections Forming a 
Cognitive Metaphor
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expression on each of these mediums because of 
their mathematical continuity.

Combining the unitary system with empirical 
data promises to help determine not only the 
quantitative minimum of cognition (i.e., the number 
of active neuronal connections that form conscious 
thought), but its qualitative foundations as well; the 
DNA of brain language and human thoughts. !e 
decomposition of cognition into these basic units 
governed by an intuitive mathematical model has 
potential applications in a number of "elds, such 
as neurological and psychiatric therapy, discourse 
analysis, and a better understanding of intelligence 
that can help scholars of Arti"cial Intelligence 
overcome the energy consumption and e#ciency 
obstacles they face in reproducing the human brain’s 
performance at the hardware level.

!e concept of mind-brain duality argues that 
the mind is fundamentally di$erent from the 
brain in the way it functions and operates. We 
theorize that a Fundamental Code Unit (FCU) 
permeates the underlying workings of both the 
mind and brain’s linguistics and communications 
systems, respectively. In this way, both the mind 
and the brain maintain schematics and axiomatic 
coding substrates similar to those found in DNA. 
Reconciling the paradox presented by the mind/
brain duality concept promises to provide insight 
into several important phenomena, such as the 
location and composition of memories ends 
forth, as well as how they "t into the structure 
of the conscious mind. !is work introduced 
a new “understanding” of cognition based on 
physical processes within the brain and its internal 
con"guration at various modalities. Ongoing to 
this work we will be reporting experiment results 
from testing the Fundamental Code Unit (FCU) 
current results, as well set the foundation for future 
hypothesis found in contemporary research and the 
theories underlying it.
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strategies to incorporate solutions for psychiatric 
and brain prosthetics. #rough collaborative 
research e!orts with MIT and Boston University, 
Howard has studied principles of behavioral and 
molecular mechanisms a!ected by brain diseases.
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