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Abstract

Human-Centric Functional Modeling models systems in terms of “functional state spaces”. When used
for modeling human cognition, or any other intelligent system, these functional state spaces potentially
provide the first complete semantic model of information. When used for modeling other systems,
these functional state spaces potentially provide a complete representation of the functional states those
systems might occupy as well as the processes through which the systems might transition between
those functional states. In addition, HCFM provides a functional definition for general problem-solving
ability as well as for the magnitude of that ability, and introduces the possibility of artificial systems
which might exponentially increase that ability when information about the system is defined in terms
of functional state spaces. This introduces two possibilities, the first is to represent information in terms
of the functional state space of cognition (semantic modeling of information within human or artificial
cognition) to increase capacity to solve problems regarding a second system (the system the
information describes) where that information might or might not represent valid behaviors of that
second system, or to represent information directly in terms of the functional state space of the second
system, so all information represents valid behaviors of that system. This paper explores the
implications of both.
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Introduction

The newly emerging science of Human-Centric Functional Modeling or HCFM [1] models systems in
terms of “functional state spaces” that are hypothesized to have the capacity to provide a complete
representation of the behavior of any system modeled this way. Arising from the tradition within the
discipline of philosophy of defining state spaces as semantic representations [2], these functional state
spaces are represented by a graph containing a network of nodes representing the functional states of
the system, where those nodes are connected by edges representing the processes through which the
system might transition from each functional state to another. These states are called functional states
because each one is defined by all the functions or processes by which the system might transition to
another state.

In functional state space problems are defined as the lack of a path allowing the system described by
the functional state space to transition from one functional state to another. Solutions are defined as the
paths which accomplish those transitions. All transitions between functional states (all solutions) are
one of two types. Type 1 consists of direct transitions from one functional state to another, and type 2
consists of step by step transitions between intermediate functional states. Type 1 transitions are used to
solve uncomputable problems, that is problems that are not computable in terms of known path
segments. These problems must be solved through pattern recognition, that is, through recognizing
patterns identifying cases in which the same solution has been applied to solve the problem in the past.
Type 2 transitions are used to solve problems that are computable in terms of such known path
segments. Where all possible transition processes can be represented in terms of a combination of some
basic set of functions, those functions are said to “span” the functional state space, thereby enabling
every possible process or functional state to be represented.



Type 1 and type 2 reasoning processes have been determined to apply to human cognition as well [3].
When applied to cognition or other intelligent systems, assume that any pattern recognition based
computing process can be represented as the automation of a type 1 reasoning process, and that any
logic based computing process can be represented as the automation of type 2 reasoning processes. For
such intelligent systems, the functional states are concepts, the transition processes are type 1 or type 2
reasoning processes, and this space of concepts or “conceptual space” forms a functional state space
that the system moves through it moves as it executes its computation. However, a valid representation
of problems and solutions in this conceptual space as the functional state space of the intelligent system
being used to compute a solution about a second system, is not necessarily a valid representation of the
problems and solutions in the functional state space of the second system itself. The challenge then
becomes deciding how to select between using the functional state space of the intelligent system and
the functional state space of systems contemplated by the intelligent system.

Individual and Collective Intelligent Systems

The individual human cognitive system has been represented as having general problem-solving
capacity measured by the general intelligence factor (g) [4]. This factor has been hypothesized by some
to represent the general problem-solving ability of non-human intelligent systems as well, though
others disagree [5]. All known artificial intelligent systems today are assumed to have narrow problem-
solving ability. Human-Centric Functional Modeling proposes a metric both for the narrow problem-
solving ability, and for the general problem-solving ability (if present) of intelligent systems. Narrow
problem-solving ability is hypothesized to be the distance that can be navigated through conceptual
space per unit time, multiplied by the linear density of concepts along the path of that navigation.
General problem-solving ability is hypothesized to be the volume of conceptual space that can be
navigated per unit time, multiplied by the volume density of concepts that must be navigated through.
Narrow problem-solving ability targets a narrow path through conceptual space in order to solve a
specific problem, and general problem-solving ability targets any possible path through conceptual
space that is able to solve any problem in general.

Defining the collective cognition of a group by analogy as a mechanism that permits the group to
execute collective reasoning processes, it has been hypothesized that groups have an innate collective
cognition with general problem-solving capacity measured by the general collective intelligence factor
(c) [6]. This collective cognition is distinguished from traditional Collective Intelligence (CI) solutions
in that it is hypothesized to have general problem solving ability, where CI solutions are hypothesized
to have narrow problem-solving ability.

The emerging science of General Collective Intelligence (GCI) [7] defines a model for a hypothetical
platform able to act as a collective cognition in enabling individuals to self-assemble into potentially
massive networks of cooperation on a self-sustaining basis, where these networks create the potential to
exponentially increase the general collective intelligence factor over the level present in group. This
implies a significant increase in the outcomes of collective reasoning.

One of the requirements of GCI in order to achieve such a significant increase in problem-solving
ability is to leverage Human-Centric Functional Modeling to represent information semantically so that
understanding, rather than just information, can be exchanged at vastly greater speed and scale.

As mentioned, these functional state spaces are complete representations of meaning because they
describe the complete meaning of any functional state in terms of all the functions or processes that can
potentially be used to transition to or from that state, and because they describe the complete meaning
of and process or function in terms of the functional states they can be used to transition to or from. In



the case of the individual or collective cognitive system HCFM assumes that all reasoning processes
can be described as transitioning to or from concepts (the functional states of the individual or
collective cognition), and all concepts can be described in terms of the reasoning processes used to
arrive at those concepts, or in terms of the reasoning processes used to arrive at other concepts from
those concepts. A complete representation of meaning in the case of the individual or collective
cognitive system (that is, a complete representation of human meaning in the domain of cognition), is a
complete semantic model. In the case of systems other than the individual or collective cognition,
functional state space defines a complete representation of meaning within a given domain as well.

Increasing Capacity to Solve Problems Related to the System

For any system that might be contemplated by any intelligent system, within each domain of behavior
exhibited by that system, the system has behavior described by some functional state space. Any
representation of information or reasoning processes on the other hand that is valid in the individual
conceptual space of the intelligent system, or in the collective conceptual space of a group of such
systems, represents valid behavior of the individual or collective intelligent systems. But information
about a system that is valid in the individual or collective conceptual space need not describe valid
behavior of the system being contemplated. As a silly but easy to remember example, one might
contemplate that pigs can fly, and one might define a valid semantic model of this thought in the
conceptual space. However, flight is not one of the behaviors within the functional state space of the

p1g.

Since a problem in functional state space is defined as the lack of a path between one functional state
and the next, solving problems in the conceptual space or in any other functional state space implies
finding that path. In the case of the conceptual space this equates to finding reasoning that enables the
individual cognition to navigate from the concept representing the first functional state, to the concept
representing the second. In the case of any other functional state space, this equates to finding
processes that enable the system to transition from one functional state to the other. For the pig, solving
the problem of flight equates to finding processes that enable it to transition from any land bound state
to any airborne state.

The magnitude of general problem-solving ability of a group with respect to a system can be
represented in two ways. One representation is the volume of the collective conceptual space the group
can navigate per unit time multiplied by the density of concepts the collective cognition must move
through. The other is the volume of the functional state space of the system the group can navigate per
unit time multiplied by the density of functional state the system has to move through in order to make
that transition. In both cases, there are three patterns identified so far that appear to have the potential to
exponentially increase this volume that can be navigated by the group during the course of problem-
solving [8]. These patterns are then predicted to enable the GCI to exponentially increase the general
problem-solving ability of the group with respect to these systems, creating the potential to more
reliably address “wicked problems” [9].

Discussion

In deciding whether to leverage an approximation of the collective conceptual space to represent
information about a system, or deciding to leverage an approximation of the functional state space of
the system, when leveraging GCI to solve problems, what are the key considerations that apply? One of
these considerations is the difficulty of decomposing the behavior of systems into functional state
spaces [10], and the difficulty of defining a minimal set of functions capable of spanning all processes
of the system. Functional state spaces have been proposed for a number of systems, including
biological systems, physical systems, or even blockchain platforms, where doing so is predicted to



facilitate complete blockchain platform interoperability, as to the Internet itself, where doing so is
predicted to facilitate the decentralized Web 2.0 envisioned by the World Wide Web Consortium
(W3C). However, to date, a set of functions capable of spanning an entire functional state space has
only been proposed for the conceptual space [11].

Research Limitations

As of this writing, a representation of functional state space has only been approximated. The
underlying challenge is that there are a number of elements that must be elaborated before a complete
representation of the graph of any functional state space is possible, whether talking about the
conceptual space, or the functional state space of any other system. One of the missing elements is how
to quantify distances in functional state space. Though distances have been approximated, they have
not been precisely defined. Solving the representation problem for any functional state space is
predicted to solve it for all functional state spaces. Because defining functional state spaces for any
given system is predicted to vastly and perhaps even exponentially increase our collective ability to
solve any problem in general concerning that system, there is then great incentive for the entire
scientific community, from physicists to biologists, to psychologists, to mathematicians, to solve this
representation problem.

Conclusions

Functional State Spaces are critically important concepts because they create the potential to
collectively achieve an exponential increase in general problem-solving ability and hence create the
potential for a group to exponentially increase the collective impact of its research and other activities.
In short, functional state spaces enable General Collective Intelligence as an intelligent system to
potentially become an engine capable of radically accelerating progress in research regarding any given
system, or regarding GCI or other intelligent systems themselves. Since this has not yet been
achievable by any other means, GCI might be the most important direction of research in the world
today for all basic sciences and other disciplines. In order to implement GCI however, much work
elaborating these functional state space techniques still remains.
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