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Abstract:
Human-Centric Functional Modeling is a newly emerging branch of network theory that is 
hypothesized to define a methodology for representing any system, including the physical universe or 
any object in it. This paper explores how any region in the physical universe or how any virtual 
representation of such a region might be represented this way, as well as outlining the benefits of doing 
so.

Introduction
Following the long tradition in philosophy of defining state spaces as representations of semantic 
meaning in physics and other disciplines [1], for all systems, the newly emerging science of Human-
Centric Functional Modeling or HCFM hypothesizes that the behavior of those systems can be 
represented in terms of functional state spaces. In a functional state space each region represents a state.
Each state is separated from other regions (other states) by the processes through which that state might
transition to those other states. In the case that a functional state space is “spanned” by some basic set 
of functions, these processes represent some combination of those functions. As an example, HCFM 
represents the functional state space of the human cognitive system in terms of a space of concepts or 
conceptual space in which the cognition can potentially transition from one concept to another concept 
through reasoning processes. The importance of being able to apply HCFM to cognition is that it 
allows the application to any other system to be understood by analogy with this case that is by 
definition conceptualizable.

This paper describes how HCFM might be used to represent any object in the physical universe, or any 
object in any virtual universe such as the Metaverse, as well as any physical or virtual universe in their 
entirety. This paper also proposes a definition for complexity that applies to any functional state space, 
so that this definition both applies to the space of concepts and reasoning (the conceptual space) that 
defines our thoughts (concepts and reasoning) about systems, as well as applying to the real or virtual 
representations of the physical systems themselves. In the case of our thoughts this metric for 
complexity is hypothesized to measure the complexity of any given concept or reasoning, and in the 
case of the physical universe this metric for complexity is hypothesized to measure the complexity of 
any physical transition.

A great many physicists in a great many reputable physics journals (e.g. [2], [3]) have for a long time 
(since at least the seventies [2]) claimed that network theory related concepts have potentially useful 
applications in physics, particularly with regards to understanding complexity. As one researcher stated,
"if we are ever to have a theory of complexity, it will sit on the shoulders of network theory" [4]. 
HCFM is merely a particular perspective of network theory. However, this paper does not claim nor to 
attempt to confirm that the concepts defined by the theory of HCFM are helpful in physics. Instead it 
attempts to outline some of the questions that must be answered by physicists to determine whether the 
concepts are helpful to them. The goal of doing so is that if some physicists are able to make the 
determination that representing the physical or virtual world in terms of functional state space is valid, 
then with the ability to generalize that might be provided by a General Collective Intelligence or GCI (a
hypothetical platform capable of organizing groups to have far greater intelligence than any individual 
and that depends on information being represented in terms of functional state spaces [7]) it is predicted
that the work of those physicists in validating the applicability of functional state space to physics can 



potentially be reused in solving important problems outside physics that are defined in terms of the 
same networks (functional state spaces).

Representing the Physical Universe as a Functional State Space
Human-Centric Functional Modeling represents potentially all systems in terms of functional state 
spaces that are defined by analogy with the functional state spaces that can be used to describe the 
human system. Because these functional state spaces can be used to describe the human cognitive 
system, because the behavior of the human cognitive system can by definition be conceptualized, 
because that conceptualized behavior can be understood in terms of properties of functional state 
spaces, and because those properties of functional state spaces (like complexity) are potentially 
applicable to all functional state spaces, then the functional state spaces and properties of functional 
state spaces (like complexity) defined through Human-Centric Functional Modeling can potentially be 
used to understand all other systems as well.

Representing the physical universe in terms of functional state spaces is important because it allows 
physicists to be engaged in solving the remaining problems in elaborating a complete representation of 
functional state space. Elaborating functional state space is in turn important because there is a strong 
case that “wicked” problems like poverty and sustainability are patterns in some functional state space 
[13]. It is hypothesized that understanding these patterns can exponentially increase our capacity to 
solve these problems to the point that at least some are reliably solvable where that is not the case 
today.

Consider the functional state space representing a universe consisting of two particles separated by 
some distance. For each particle there is some moving region in space that represents the physical state 
of that particle. This region has some uncertainty. The functional state space with which one might 
compute the evolution of the state of each of the two particles then consists of a region representing 
each particle and a line representing the forces through which the particles interact.

Figure 1: The state of each region is determined by the forces from surrounding regions. The force on 
region 2 due to region 1 however is the result of the state of region 1 at some earlier time t-dt. The 
universe is a distributed “cognition” in that it computes the state of every region of matter.

Assume that the functions through which the states of the particles interact are some combination of the
four fundamental forces. Assuming force is not propagated instantaneously, the forces at particle 2 at 
time t are due to the state of particle 1 at some earlier time t-dt. Similarly the forces at particle 1 are due
to the state of particle 2 at some earlier time. In that this universe of two particles is continually 
computing how the state of those two particles evolve, it is a distributed state computer. Since this 
functional state space is simply a representation of matter and not a new model of physics, the state of 
each particle will evolve according to existing physics, in this case we assume it evolves according to 
Schrödinger’s Equation.
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The state of each region is determined by the forces from surrounding regions. The force on  
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The universe is a distributed “cognition” in that it computes the state of every region of  
matter.



In addition to the functional state space describing the state of each particle, there is also a functional 
state space describing the “awareness” of the state of each particle. The awareness of the state of 
particle 1 travels from particle 1, and the awareness of the state of particle 2 travels from particle 2. 

Figure 2: The “awareness” of the state of each region travels in every direction.

Considering each particle alone, assume that the awareness of the state of that particle spreads out in all
directions as in figure 2.

Figure 3: The “awareness” A of the state of particle 1 that is perceived by particle 2 pertains to the 
state of particle 1 at some earlier time t-dt. Furthermore, only a finite region of the awareness of S1 is 
perceived by S2 at time t-dt. Awareness then effectively acts as a network.

The awareness of particle one that is perceived by particle two at any given time occupies a finite 
region of space that can be represented as a node in a network of awareness's as in figure 4.

Figure 4: The “awareness” of the state of each region travels through space at some finite velocity. 
The universe is a distributed “consciousness” in that it is aware of the state of every region of matter.
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Again, since this functional state space is simply a representation of the universe and not a new model 
of physics, the awareness of state of each particle will evolve according to existing physics, in this case 
we assume it will evolve according to the Einstein field equations.

Motion through these functional state spaces is not deterministic. Here Human-Centric Functional 
Modeling contributes to our understanding again. In the model of cognition provided by Human-
Centric Functional Modeling, human cognition moves through its functional state space in a non-
deterministic way that is dynamically stable in a “fitness space” which describes the fitness of the 
cognitive system to execute all of its functions. This fitness space is defined in terms of the projected 
fitness, the target fitness, and the actual fitness of the reasoning function to be executed. The motion of 
the consciousness through its own functional state space (the awareness space) is also represented as 
being governed by the requirement for dynamical stability in its own fitness space. Similarly, each 
particle in this simple universe has a fitness space that describes the fitness of the system. At any time 
fluctuations due to uncertainty can result in a state that has poor fitness in representing the system. For 
example, there might be a non-zero probability of a fluctuation in momentum due to uncertainty. With 
these fluctuations how is momentum still conserved? Our universe must be dynamically stable in that 
all such fluctuations must remain within stable bounds. Each point in the functional state space of the 
distributed mind of the universe and each point in the functional state space of the distributed 
consciousness of the universe might then potentially be represented as evolving under the same 
algorithm as human cognition in the sense that it must be dynamically stable.

To understand the application to physics, consider a single particle. According to one of potentially 
other approaches [8], [9] to quantum mechanics, a particle is represented by a wave function that is a 
solution to Schrodinger's equation [10].

This solution will have some uncertainty in position and momentum. At higher energies the relative 
uncertainty is less and particles act more like discrete entities. At lower energies the relative uncertainty
is greater and particles act more like waves. 

Figure 5: Conceptual representation of the uncertainty in the path of a particle.

When interacting with a field, the wave function must collapse to a specific value for each property 
with which it interacts. The minimum time interval that is resolvable is a single Planck unit of time. So 



wave functions don’t continually collapse, but instead must collapse at those minimum intervals at 
most. However, due to uncertainty, the value of any property governed by uncertainty, including the 
time interval at which the wave function collapses, is not deterministic at each time when that wave 
function collapse might occur.

Figure 6: Collapse of the wave function representing a particle continuously interacting with a field.

As a result, any particle might have a target trajectory determined by the current model of physics if it’s
momentum and other properties are to be conserved from those at t=0. It might also have a projected 
trajectory from its motion and other properties in the last time slice t=7. And it might have an actual 
trajectory at the current time t=8.

Figure 7: Projected, actual, and targeted positions of the particle from the perspective of Human-
Centric Functional Modeling.

In Human-Centric Functional Modeling fitness space is defined by fitness of the projected, actual, and 
targeted states to represent the particle. The state of the particle must stay in a bounded region in fitness
space if momentum and other physical properties are to be conserved.



Figure 8: Fitness space of the particle from the perspective of Human-Centric Functional Modeling.

For any theoretical model consisting of a set of theories of physics, any region of matter interacts with 
any other region of matter through the forces defined by that theoretical model. The key claim of this 
paper is that there are multiple potential interpretations of the probability distribution described by the 
hypothetical wave function postulated by quantum mechanics, that each of these interpretations arises 
from a different philosophy about the nature of this existence, and that each of these philosophies 
functions to achieve different outcomes, some of which might be more optimal than others in different 
contexts. The philosophy suggested by Human-Centric Functional Modeling is that many properties of 
systems are actually properties of the functional state spaces that describe them, and that for all 
functional state spaces these properties are potentially defined the same way.

By analogy with a particle having a probability of entering a given state after a particular interaction, 
one might view human cognition as having a particular probability of entering a given state after 
interacting with a set of concepts and reasoning. Our cognitive system might even be confirmed 
through experimental observation to have this well defined probability. However, through experiments 
involving first person observation of our own cognition, we can confirm that the reasoning output by 
our cognition doesn’t just depend on probability and what concept we are currently contemplating (that
is, where we are in conceptual space). It also depends on our current state of cognitive well-being 
(cognitive fitness) in a way which maintains that fitness within a stable region so that our ability to 
function cognitively is conserved.

Similarly, it is postulated here that for any set of theories of physics that are complete, if properties are 
to be conserved or other “laws” within those theories are to be upheld, then from the perspective of 
Human-Centric Functional Modeling that set of theories of physics must keep the state of any given 
region of matter within a bounded region of some as yet undefined fitness space that describes the 
fitness of those theories to in turn describe the state of that matter. This implies dynamics of that matter 
that are globally stable throughout this fitness space for all the forces with which matter or energy 
might interact as in figure 9. This does not imply any new physics. We assume the dynamics of each 
region of matter through fitness space can be made to match the predictions of probabilistic quantum 
mechanics or any other set of theories identically.



Figure 9: A particle (blue circle) moving in the direction of the horizontal blue arrow has a state S1(t). 
This particle moves within a cloud of uncertainty around it (light blue oval). If the model of “fitness 
space” used in defining a model of biological systems such as consciousness or cognition applies to 
defining a model of physical space, there is potentially structure in the uncertainty in a particles 
position and momentum in that fluctuations due to uncertainty at one time are correlated with 
fluctuations at other times. This structure or correlation potentially enables position and momentum to 
be conserved. 

One set of equations that potentially satisfies this stability in the three dimensions of fitness space in 
order to allow properties to be conserved over time despite fluctuations due to uncertainty are the 
Lorenz equations governing convection [11], which for certain values of their parameters form a 
strange attractor.

The relationship between the dynamics in functional state space and the dynamics in fitness space in 
the case of the cognitive system has been hypothesized as one that might leverage such an equation to 
define an algorithm able to replicate these dynamics in an artificial cognition [12]. The relationship in 
the case of the physical universe is yet to be explored.

In summary, from the perspective of Human-Centric Functional Modeling this universe can potentially 
be represented in terms of two functional state spaces, one representing state that is used to determine 
how the “mind” of the universe calculates the evolution of matter, and one representing awareness of 
state that is used to determine how the “consciousness” of the universe calculates the evolution of the 
awareness of the state of matter.

Structure in Uncertainty

S 1 (t)

If the model of “fitness space” used in defining a model of biological systems such as  
consciousness or cognition applies to defining a model of physical space, there is potentially  
structure in the uncertainty in a particles position and momentum. This structure potentially  
enables position and momentum to be conserved. 

Uncertainty is constant but  
fluctuations due to uncertainty  
at time t are dependent on  
fluctuations at time t- d t



Figure 9: Each region in the functional state space of the “consciousness” of the universe is an 
awareness of state (left) that interacts with other awareness's through awareness processes indicated 
by the red lines. Each region in the functional state space of the “mind” of the universe is a state of 
matter (right) that interacts with other matter through forces indicated by the yellow lines.

Complexity
In Human-Centric Functional Modeling complexity is hypothesized to be a property of the functional 
state space describing the behavior of the system. This property is defined as the product of the distance
in functional state space between function functional states, multiplied by the linear density of 
functional states along the transition process which provides the path between those states. Since 
problems are defined as the lack of a path through functional state space, and since solutions are 
defined as the processes which provide that path, then any number of solutions might solve a given 
problem. Since each solution can have a different metric for complexity, this paper proposes that the 
complexity of a problem in functional state space is defined by the complexity of its least complex 
solution.

Implications
Human-Centric Functional Modeling or HCFM has been used to define a model for group decision-
making called “General Collective Intelligence” or GCI that is hypothesized to have the potential to 
radically increase the general problem-solving ability (intelligence) of the group so that it is 
exponentially greater than that of any individual [7]. The usefulness of describing the behavior of 
human cognition in terms of motion through its functional state space (the conceptual space) is that this
functional state space can by definition be conceptualized and therefore be understood. The usefulness 
of modeling human cognition in terms of motion through its own functional state space is that this 
understanding of the cognitive system can potentially be reused, and if so the same model used to 
describe an artificial cognition in terms of a pattern of dynamical stability can potentially be used to 
describe other biological systems including consciousness, which is useful in defining an artificial 
consciousness.

The usefulness of using Human-Centric Functional Modeling to describe the behavior of the distributed
“mind” of the universe in terms of motion through a distributed functional state space describing state, 
and the usefulness of using HCFM to describe the behavior of the distributed “consciousness” of the 
universe in terms of motion through a distributed functional state space describing awareness, is that 
the same algorithms used to implement an artificial cognition and an artificial consciousness can also 
potentially be used to simulate the evolution of the physical universe. Furthermore, these same 
algorithms might also be reused in simulating all other living processes, since those processes are also 
believed to obey the same pattern of dynamical stability. By solving this far more general problem, it is 
possible to impact a far larger range of problems.

Functional State Spaces Related to  
Awareness and State

State S i (t)

Each region in the functional state space of the “consciousness” of the universe is an  
awareness of state (left) that interacts with other awareness's through awareness processes  
indicated by the red lines. Each region in the functional state space of the “mind” of the  
universe is a state of matter (right) that interacts with other matter through forces indicated by  
the yellow lines.

Awareness of 
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It remains to be determined how the concept of functional state space relates to existing concepts. For 
example, in functional state space the complexity of the transition from one physical state to another 
has one interpretation suggested by the expression for the complexity of the transition from one 
position in the functional state space of the cognitive system to another. However, in physical systems, 
complexity is currently accepted to be a measure of the probability of the state vector of the system. As 
another example, in astrodynamics and celestial dynamics, the orbital state vectors (sometimes state 
vectors) of an orbit are Cartesian vectors of position that together with their time (epoch) uniquely 
determine the trajectory of the orbiting body in space [5]. It remains to be determined how state vectors
are related to the states in the functional state space representing the state of each region of matter in 
the universe.

Discussion
Noting that GCI requires information to be modeled in a universal way, such as in terms of functional 
state space, and given that the theory of GCI suggests that there are gaps in the collective conceptual 
space representing problem definitions or solutions that groups cannot be reliably brought to recognize,
and given that in addition the theory of GCI suggests that certain well defined properties of group 
reasoning that are required to solve wicked problems are not present without GCI [13], the claim can be
made that for a number of areas in physics, the key problem is not coming up with a better theory. 
There may already be a great number of theories that have not been collectively evaluated, and there 
might be a number of legitimate theories that cannot be given their just due diligence and therefore 
cannot be collectively evaluated given the way that the dynamics of group reasoning operate in the 
absence of GCI. Therefore instead of a lack of better theories, the greatest problem and opportunity in 
physics might be not having a way to compare radically different theories in order to reliably converge 
on a common understanding regarding which theory is better in describing the observed world. In other
words, one could come up with an elegant grand unified theory that describes everything, but according
to this reasoning it wouldn't matter, since if it is sufficiently complex the theory of GCI suggests the 
individual who discovers it would not reliably be able to get a critical mass of people to agree with it.

Success in being able to prove or disprove any sufficiently complex theory in physics using functional 
state spaces and General Collective Intelligence might seem improbable since there are so many 
challenges remaining in defining a complete semantic representation of information. However, there 
might actually a far higher likelihood of being able to succeed in doing so than the probability of 
achieving success currently might be in working alone or working in groups without GCI. As the 
number of theories and the amount of data that must be tested against those theories increases, the 
interactions between those theories and data create an explosion of possibilities to consider. As this 
continues is is conceivable that scientists might be constrained to become increasingly more powerless 
to make sweeping cross-disciplinary advances without functional state space and without GCI, no 
matter how brilliant the scientist is.

Conclusions
Using functional state space to represent concepts and reasoning can potentially provide a complete 
semantic representation of concepts and reasoning, as well as potentially explaining how defining our 
cognition as moving through a functional state space can exponentially increase our general problem-
solving ability, and therefore our ability to use reasoning to solve any problem in general, including in 
physics [6]. In addition to creating the possibility of exponentially increasing our ability to collectively 
navigate our reasoning, defining functional state spaces also creates the possibility of increasing our 
ability to collectively navigate states of matter in the actual physical world. Increasing our capacity to 
navigate reasoning means defining semantic models of reasoning so that we can automate processes 
that test the consistency of every component of every theory in physics against every component of 



every other theory. Increasing our capacity to navigate data means defining a universal semantic model 
of the physical world that all data about the physical world fits into, so that all components of all 
theories can be tested against all data collected by anyone about anything. A universal semantic model 
of the physical world has countless commercial applications, including the fact that it defines an open 
rather than proprietary data format for every virtual world, whether the Metaverse, or whether the 
models of any real or imagined physical environment depicted in movies or video games.

But realizing this vastly increased ability to solve problems in physics also has surprising implications. 
From the perspective of Human-Centric Functional Modeling our cognition is a computer and our 
consciousness directs our attention to in essence determine which problems we use that computer to 
solve. Where our level of intelligence is represented as determining the power of this calculator, our 
level of consciousness is represented as determining our power to direct our attention towards and 
therefore to recognize truth. If this science of Human-Centric Functional Modeling is successful in 
exponentially increasing the power of cognition as predicted through either the model of Artificial 
General Intelligence or through the model of General Collective Intelligence it has been used to derive, 
and if theories in physics as well as the data to test those theories on can both be modeled semantically, 
then the knowledge of even the most talented physicist on earth might be as inconsequential as the 
mathematical ability of the greatest human calculator who ever lived in comparison with even a low-
power computer today that is many generations old. If so, then in such an age of intelligent machines 
physicists might pay less attention to the myth that the most significant advances in physics are 
awaiting the next brilliant physicist, and as a consequence aspire less to be brilliant calculators. Instead 
they might pay more attention to increasing their level of consciousness and as a consequence their 
ability to recognize truth, and in doing so aspire more to be like yogis. 
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