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Abstract:

A General Collective Intelligence or GCI is a hypothetical platform able to self-organize individuals
into potentially massive networks of cooperation on a self-sustaining basis, where those networks
might radically increase the group’s general problem-solving ability and hence ability to solve any
problem in general, which translates to a radical increase in the capacity of the group to achieve any of
it’s collective goals. This potential to significantly increase collective outcomes has been confirmed
through analysis of GCI based platform designs targeting social good, such as a proposed “Social
Impact Marketplace”. In software, GCI is predicted to create the potential to enable social media
platforms, blockchain platforms, or any other type of platform, to self-assemble at a speed, scale, and
size of user base not currently possible, while also providing functionality that reliably solves problems
that are currently not reliably solvable. In order to achieve this, GCI leverages the concept of
“functional state spaces” to provide a semantic representation of the functionality in each domain of
software behavior. This paper explores the concept of functional state spaces as a framework for
domain specific modeling, as well as how such functional state spaces potentially provide a semantic
representation of the functionality in each domain that is universal and therefore suitable for a General
Collective Intelligence platform capable of targeting any given problem in any given domain.
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Introduction

Where the generation of implementations of models is possible (model-driven engineering),
particularly in the case of software, it is well known that defining models representing the behavior of
systems in any given domain (domain specific modeling) can radically accelerate the development
process. However, domain specific modeling as currently implemented has a number of shortcomings,
some of which are:

* Models might not represent the complete set of behaviors of a system in a given domain.
Implementations of any modeling elements that are used in domain specific tools to generate
implementations of models might be a small subset of the possible implementations and might
not be optimal in all circumstances.

*  When the number of operations represented in a domain specific modeling language becomes
large the models become unwieldy and potentially unusable for humans.

* Applying expert knowledge like software architecture patterns is a time-intensive manual
process.

This paper explores how functional state spaces might be used to define complete models of the
behavior of systems in a given domain, and how domain specific models defined this way might
leverage General Collective Intelligence to radically increase the number of elements in such models
that might be manageable for a human, as well as to radically increase the speed and scale of systems
development.

A General Collective Intelligence or GCI [1] is a hypothetical platform able to self-organize individuals
into potentially massive networks of cooperation on a self-sustaining basis, where those networks
might exponentially increase the general problem-solving ability (collective intelligence) of the group.



Though a complete GCI has not yet been implemented to demonstrate general problem-solving ability
across all domains, a sufficient subset of GCI has been approximated in the design of various platforms
to confirm this potential to exponentially increase problem-solving ability within specific domains [2].

Functional state spaces are graphs of networks capable of representing the complete behavior of
systems. In these graphs each node represents a functional state of the system, and each edge represents
a behavior through which the system might transition from one functional state to another. A GCI
contemplates systems within its collective reasoning processes for the purposes of collectively solving
problems concerning those systems. For example, a GCI might contemplate a model of each
blockchain platform as a system, in order to solve problems concerning security, scalability, or
decentralization in such platforms. Within a GCI, information (both concepts and reasoning) about each
system contemplated by collective reasoning is represented in terms of a collective space of concepts or
“collective conceptual space” by analogy with the individual conceptual space that serves as the
functional state space of the human cognitive system. In essence, a GCI might model the behavior of
the systems themselves, where each system model can be represented as having behaviors contained
within its own functional state space, and as the system exhibits those behaviors it navigates that space.
But since cognition is itself a behavior of a system (the cognitive system), GCI as a collective cognition
might model thoughts (information) about systems, which are represented within the collective
conceptual space. So as a system, a blockchain or other platform might have a representation in the
collective conceptual space of the GCI, or it might have a representation in the functional state space of
the blockchain or other platform itself. Because these representations can be different, the optimal
representation must be selected [15]. Problem-solving ability is predicted to be optimized when
modeling system behavior in terms of the functional state space of the system since such models only
represent actual behaviors rather than theorized behaviors that might not actually exist, but because
such models are difficult to define and therefore themselves might not exist, the only option might be to
model information about systems in the functional state space of the cognition. The validity of any
representation of the blockchain platform in the conceptual space is determined by whether that
representation is a valid semantic model. The validity of any representation of the blockchain platform
in a hypothetical functional state space describing all blockchain platforms is determined by whether
that model is valid in the semantics of that representation. In either case, both functional state spaces
define complete representations for their respective systems (the cognitive system and the blockchain
or other platform), and in the sense that a semantic representation is a complete description of meaning,
both are semantic representations. The difference is that one (the description in conceptual space)
defines the semantics of human-meaning. The other defines the semantics of the system itself in a
human-centric way through the technique of Human-Centric Functional Modeling. This paper explores
this underlying technique of Human-Centric Functional Modeling and the functional state spaces it
defines as a general methodology for representing systems within each domain of behavior and as the
basis for domain specific modeling.

Domain Specific Modeling and Functional State Spaces

Human-Centric Functional Modeling or HCFM represents systems as having a set of processes with
which the system might transition from one state to another within each domain of system behavior.
These processes are defined as being within the same domain of behavior if their input and output
belong to the same category shared by all processes within that domain. That is, if their input and
output consist of the same domain object. These processes can potentially all be represented in terms of
some minimal set of basic functions, in which case the set of those basic functions can be said to
“span” all such processes. These states are then referred to as “functional states” because they are
defined solely in terms of those functions. All of these states together form a space of functional states
or a “functional state space” that the system moves through.



As an example, in the domain of cognition, the human cognitive system can be represented as having
an open set of reasoning processes (open in the sense that reasoning processes can be added or
removed). Such processes are represented as belonging to the domain of cognition because both their
inputs and outputs are all concepts, where the concept is the domain object. The resulting space of
concepts or “conceptual space” forms the functional state space of the cognitive system. As the
cognitive system engages in reasoning activity it changes concepts, and since the current concept
defines its functional state, it therefore changes state, and in doing so it moves through its functional
state space (the conceptual space). Furthermore, it is hypothesized that all paths in this conceptual
space, and therefore all reasoning (all behaviors of the cognitive system), can be represented in terms of
four basic functions [7]. If so, the set of these four functions can in this sense be said to “span” this
conceptual space.

The concept of state spaces as semantic models and the concept of collective intelligence have been
well explored in other disciplines. In cybernetics, the concept of a noosphere similar to the concept of a
functional state space, and the concept of a global brain similar to the model of General Collective
Intelligence (GCI) discussed in this paper, have been described by other authors [3]. In philosophy,
there is an established tradition of using semantic models for representing information [4]. Bas C. van
Fraassen has been attributed credit [5] for the concept of the "state space" as a semantic modeling
approach, and a number of researchers citing his work have taken the concept of "state spaces" and
applied them to all of science in general, including to physics and to modeling the physical world [6].

Within software development, constructing a functional state space for a given domain of platform
level architecture services requires defining a basic set of functions that “spans” all possible behavior
by all possible systems within that category. As an example, as mentioned, it is hypothesized that all
possible reasoning or understanding processes within the human cognitive system can be composed by
four basic functions [7]. Furthermore, since these functions can span the entire conceptual space, and
since this conceptual space is believed to be identical to any other open (unbounded) functional state
space, then it is hypothesized that any other open functional state space can potentially be spanned by
four operations as well. A set of four such operations has been proposed for a hypothetical blockchain
domain [8], so that every set of functionality from every blockchain platform might be decomposed
into a library of functions that a GCI based blockchain platform might use to enable interoperability
between all platforms, as well as significantly improved performance over all other possible platforms,
by intelligently navigating an exponentially greater number of choices to select the functionality most
suited to achieve its targeted outcome in each specific situation.

However, a set of processes or functions does not need to “span” an entire domain to be useful. It might
instead describe some useful subset of that domain. That subset does not even need to be well-defined
in order to be useful. It might be that a set of functions or processes are subjectively judged as
describing a “useful” subset of a given domain. This subset of processes might be represented by some
finite ontology. Ontologies however are notorious for becoming fractured into different incompatible
versions. Efforts to define the next new ontology that captures “everything” have failed for as long as
such efforts have existed. In the same way that efforts to define a complete English dictionary
continued to fail until language was recognized to be a living entity with a description that must be ever
evolving and can never be complete, the key problem might be the idea that the ontology is the most
important information being captured, rather than the goal being capturing the processes by which
ontologies or any other system of meaning evolves.



An example of such an ontology is the eXtensible Domain Modeling Framework (XDMF), and an
example of such a process for evolving that ontology is what has been described in Human-Centric
Functional Modeling as “functional domain decomposition”, which in HCFM is hypothesized to be an
an internal (unconscious) function required for general problem-solving ability in any domain. This
function is believed to allow nature to adapt to determine which functionality will be within one given
system as opposed to another, and to allow nature to determine which functional components that
functionality will be spread across, as well as what functionality will reside in each function. Deployed
as an algorithm within a GCI platform acting as the collective cognition of a group, with such domain
decomposition functionality it is hypothesized that groups might reliably converge on agreement about
what functionality should be included in each domain, and which functional components each domain
should be partitioned into when defining domain specific models, in order to maximize fitness in
achieving outcomes that might be attained through executing any of the functions within that domain.

XDMEF consists of a hierarchy of subject areas that are assumed to represent domains. Each domain
consists of a number of operations that describe in plain natural language (in this case English) what
kinds of actions can be done within that subject area. The only constraint placed on operations is that
all operations in a single domain must act on the same type of object, the domain object.

Different nuances of the action described by a particular operation might in turn be described by a sub-
domain. The sub-domain contains a number of operations that all fall within the same category as the
parent operation. The hierarchy of domains and sub-domains may be several layers deep. Part of the
potential hierarchy of operations is shown in table 1.
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Table 1: Proposed functions in some of the hierarchy of domains in the eXtensible Domain Modeling
Framework (XDMF).

This hierarchy of domains corresponds to a hierarchy of regions in the functional state space of the
cognitive system as in figure 1.
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Figure 1: Functional state space and the corresponding hierarchy of domain specific models.

Again, the most important takeaway is not the particular set of domains proposed in table 1, or even the
ontology of functions proposed. Instead the most important point is defining a process by which the
fitness of a given ontology in achieving its targeted outcomes can be assessed, where this process might
also be used to determine the fitness of the combination of all ontologies together, so that any
component of any ontology, or even the entire ontology, or set of ontologies itself, might be replaced by
one that is more fit. This metric of fitness applies to both to the fitness of the functional model in
representing observed behavior, and the fitness of all implementations in terms of their performance in
achieving targeted outcomes as shown in figure 2.
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Figure 2: The collective intelligence uses uses a metric of fitness to select the optimal implementation
of each function for the given context in order to increase projected performance.

In this way, the process of evolving ontologies becomes decoupled from any ontology itself. This
decoupling is a hallmark of the Human-Centric Functional Modeling process itself, in which any
functional component might be replaced by one that is more fit. Because of this attribute, it is
hypothesized that while models of any system represented in HCFM might be wrong in terms of not
representing valid behaviors of the system, HCFM itself cannot be wrong, because any component of it
that doesn’t exhibit fitness in representing observed behavior of any system it is being used to describe,
can simply be replaced by a component that is more fit.

As mentioned, the operations within any given domain are confined to a single domain object as their
arguments and as their output. As a whole, this framework of domains is called eXtensible because it is
not intended to be definitive. It is intended to be flexible enough to expand or contract to suit different
businesses, including new domains that arise as businesses continue to evolve. The important benefit
that is constant is that the framework provides a complete way to model parts of businesses, as well as
a consistent way to understand the impact of one modeled part of a business, on another modeled part
of a business.
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Figure 3: In the eXtensible Domain Modeling Framework (XDMF) each process or function receives a
domain object as its input and produces that same type of domain object as its output. All functions in
the domain then map the domain object back into the domain. The “context” of the functions execution
are any additional domain objects of that same type, other than inputs or outputs, which help define the
execution of those processes or functions.

Any one domain described by one ontology might also interact with another domain described by
another ontology. In XDMF this interaction is represented as occurring through the exchange of
domain objects. For this to be possible these domain objects themselves must have well-defined
relationships. In order to ensure that definitions remain “human-centric” in terms of not requiring any
special jargon, these definitions are intended to be based on the plain natural language meaning of the
object names. Examples of domains that interact are the proposed Information Processing Domain
Modeling Language for representing the majority of operations that can be executed on the text data
that business logic largely manipulates, and the proposed Visual Processing Domain Modeling
Language for representing the majority of operations that can be executed within any user interface.
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Figure 4: In domain mapping, a mapping function maps a domain object in one domain to a domain
object in another. An example is the mapping of the proposed Information Processing Domain (IPD) to
the proposed Visual Processing Domain (VPD).

A domain object representing a “customer” in the IPD requires only customer information. A domain
object representing the display, or editing of that data in a user interface within the Visual Processing
Domain specifies data about the widget with which each field in the customer data is best displayed

within a given form factor of device, and specifies data about how those widgets should be displayed.
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Figure 5: A domain object representing a “‘customer’” in the IPD might be mapped to a user interface
that collects customer data in the VPD.

By creating functional models for each component, we can enable each component to be used far more
pervasively. By creating functional models for architecture level and other services involved in creating
a platform for decentralized applications that can make use of such components in this way, and by
defining metrics of fitness that allow us to compare these components at exponentially greater speed
and scale, we can enable existing offerings that can be decoupled into such components to be self-
assembled by their vendors into platforms far more quickly than any single company could build them.



EXECUTE Services

‘ Processes ‘ Roles Participants Data
DEFINE

Entities
Contexts Individuals Other

ARCHITECT Service Level

Figure 6: Some hypothesized architectural level services include the platform processes that DEFINE
Entities (incl. Service Level which the services might act on), and that ARCHITECT each Service
Level, as well as EXECUTE a Service. These processes are expected to be required at the
infrastructure level of a GCI platform. The infrastructure domain processes and functions might be
implemented in the infrastructure of a GCI platform by different services providers.

In addition to architecture level services that end users might not interact with, there is user-level
functionality as shown in figure 7.
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Figure 7: In addition to architecture level services, there are also user level operations. In being
executed, user processes engage participants in roles that collaborate to achieve outcomes.
These processes call on the platform to implement any functionality related to maintaining the
Architectural Service Level.

Within a single domain, such as the Information Processing Domain, multiple sub-domains (e.g. sales,
delivery) might interact.

Application to Web 3.0
Taking web 3.0 as an example of the need for functional state spaces as a domain specific modeling
framework that enables the use of GCI, why should achieving a true web 3.0 require working towards



defining functional state spaces for all required domains of web 3.0 platform behavior? Not a single
web 3.0 company is currently focused in this direction. Web 3.0 development is already proceeding
quite happily without what might seem like an unnecessary layer of additional complexity.

To answer this question assume that the average rate at which technology can be developed by a single
company can be characterized as R, how can technology be developed with maximum cooperation by
N companies in order to create the capacity to develop at a rate closer to N*R as opposed to being
developed at maximum competition at a rate closer to R? And if N is very large, how can the rate of
development be increased through cooperation to R™ so that the rate of development increases
exponentially? At what rate R™ does this cooperative ecosystem gain unbeatable competitive advantage
over each individual company competing on their own? When companies can benefit far more by
participating in an ecosystem that develops technology at a rate R™ that is much greater than the rate at
which any of them as an individual company can develop technology on their own, then does this
cooperative development become on balance the stable reality?

These questions might be very difficult to answer on a theoretical basis, but might have very clear
answers on the basis of what we experience every day in the world around us. Nowhere in the natural
world do we see any collection of individual cells that is able to evolve collective functionality through
competition as individual cells, where that collection of cells that each act as autonomous individual
entities is able to out-compete cells that evolve collective functionality through cooperation within a
single organism. This indicates that the stable balance is for all collective functionality to evolve
cooperatively within an organism.

Natural evolution is an adaptive process that has been modeled as a pattern in functional state space
[16]. The only known way to enable technology to evolve in this sense (as opposed to advance) is to
mimic this pattern in functional state space, so that technology can be developed in self-organizing and
self-sustaining way at a rate much faster than any single company can develop technology. Replicating
this pattern in functional state space requires decoupling all technologies into functional components
using a universal modeling framework so they can be assembled in any way required to achieve any
functionality within their domain. The only universal modeling framework known today is Human-
Centric Functional Modeling, which represents all of the functionality in any domain using functional
state spaces.

It is further hypothesized that development of technology that is based on individual competition must
eventually converge on a functional state space defined by an individual entity, while technology that is
based on collective cooperation must eventually converge on a collective functional state space defined
by the group. This hypothetical eventual convergence of decision-making to a single entity as a
consequence of the accelerating advance of technology is called the “technology gravity well”
hypothesis, which is that technology creates competitive advantage, which enables the purchase of
more technology, which enables more competitive advantage, in a cycle that potentially lacks natural
limits. Due to the alignment of decisions with the interests of technology owners, this implies an
increasingly centralized accumulation of resources that is expected to lead to a steady centralization of
technology in key areas of control. Because while median inequality might decrease, it is the inequality
at the margins which is predicted to drive decision-making related to technology. Similarly, while the
use of decentralized technologies might increase, it is the centralization in key areas that is predicted to
drive the direction of systems. This irresistible free fall towards centralization in key areas of society
due to the inevitable advance of technology has been called “the technology gravity well”. This theory
predicts that even movements focused on decentralization such as web 3.0 will be centralized in hidden
ways that tie technology to a single vendor, and that this centralization will be introduced at an



increasing rate and level of complexity that can’t easily be detected much less addressed by any policy.
A General Collective Intelligence however is predicted to enable a true web 3.0 at any pace of
development by defining decentralization as an objective pattern of stability that can be maintained at
any speed and scale of activity.

Assuming that as predicted the collective functional state space can be far larger than any individual
functional state space, this suggests that without collective development some solutions will not be
reliably within that functional state space, and therefore that without collective development some
problems cannot be reliably solved. This “solvability of classes of group problems” hypothesis [17], is
that there are classes of problems that it is believed cannot reliably be solved today due to
misalignment between outcomes that are optimal for the group and outcomes that are optimal for the
individual or subset of individuals choosing the solution when decision-making is performed in a
centralized way. This centralized decision-making, and these resulting problems can occur in any
process along the entire life-cycle of web technology from research, design, development, sales, or
delivery, to administration and maintenance, or retirement at the end of that life-cycle. Many web
technologies, particularly blockchain or web 3.0, are decentralized in some aspects, but lack
decentralization in others such as in administration of the development process.

Furthermore, not only can different types of problems be solved, but the complexity of problems that
can be solved is predicted to be significantly higher in a larger and denser functional state space, since
complexity is defined by distance through functional state space as well as density. This “wicked
problems” hypothesis [18] is that a wicked problem for an individual is one that is defined by a longer
path through a greater density of concepts in conceptual space than an individual cognition can reliably
reason through, and that a wicked problem for a group without a collective cognition is one that is
defined by a longer path through a greater density of concepts in the conceptual spaces of the
individuals, than they can reliably reason through. A wicked problem for a collective cognition is one
that is defined by a longer path through a greater density of concepts in the collective conceptual space,
than the group can reliably reason through. Since a collective cognition is predicted to have the
potential capacity for exponentially greater intelligence, what is a wicked problem for an individual
might not be a wicked problem for a GCI.

In web 3.0 application or platforms, Human-Centric Functional Modeling aims to create the capacity to
decouple all application or platform functionality into a library of functional components spread across
a number of functional domains. This creates the opportunity to assemble software applications or
platforms using whatever set of functional components that is optimal for a given problem. Assuming
that this assembly can be achieved through a system such as General Collective Intelligence that is
predicted to exponentially increase the general problem-solving ability of groups, this in turn creates
the possibility of exponentially increasing the speed and scale of development.

This different from current development in that when a set of operations can be defined that “span” the
entire functional state space, then all possible behaviors of software in that domain can be represented
in terms of some composition of those operations. In the case of a hypothetical blockchain domain for
example, this suggests that all blockchain platforms could be decoupled into a library of functional
components, and that a system with general problem-solving ability such as a GCI might be used to
dynamically select whatever set of components is needed to execute any functionality in that domain in
a way that is optimal for the group. Taken together, these properties suggest that such a platform might
have exponentially greater capacity to solve all possible web 3.0 problems.

Discussion



Various surveys of techniques in model driven architecture found a number of shortcoming. One author
stated: “while practitioners experience benefits of modelling for analysis and design, requirements
engineering, quality management, implementation and deployment, they still struggle with external tool
integration/model transformation and export, cognitive fit, visual expressiveness, high effort required in
acquiring skills, automated analysis and high effort required in using tools” [9]. Another author cited
the lack of standardization due to the complexity of modeling heterogeneous systems, or perhaps the
complexity due to lack of standardization [10]. Even in problems of restricted scope such as the
blockchain [11], or networking [12], these issues remain a factor [13]. With all these difficulties it’s not
surprising that the resulting lack of completeness and consistency has prevented convergence among
the various techniques, and as a result a coherent meta-model of the clusters into which collaborative
and other model-driven engineering efforts might be classified has not yet emerged [14].

How might defining functional state spaces lead to an exponential increase in the deployment of
domain specific modeling and domain specific modeling tools if managing even the current modest
deployments is difficult? Assume that all functionality of a system in a given domain of its behavior
can be understood in terms of N functional states. The number of all possible behaviors of the system
within that domain are defined by all the possible paths between those N states.
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Figure 8: Every path P; in functional state space is an operation that can potentially be represented in
a domain specific modeling tool.

Since each state can potentially transition to N-1 other states, then there are N(N-1) direct or first order
transitions. Assuming that a transition does not end up at the same state at which it began, there are
N(N-1)(N-2) second order transitions. Assuming that the maximum order of behavior is M, then
represent the total number of possible behaviors up to order M for a system that has N functional states
as the total T.
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From Stirling’s approximation, this number can be exponentially greater than N. Currently, any domain
specific modeling tool can be used to represent some subset of behavior of a system within a given
domain, but how do the number of those domain specific models and the number of opportunities to
deploy those models compare to the number of opportunities to deploy domain specific modeling that



might be created in the future through the functional state space approach? For simplicity, assume that
on average each domain specific model contains a subset of X behaviors, and assume that there are Y
models. Then if there are Z applications for domain specific modeling, there might be as few as 1
opportunity to deploy a domain specific modeling tool if all those models overlap (all the models
describe the same subset of behavior but perhaps in terms of a different set of operations so that each
model competes with each other). This tool deployment then involves modeling each of X operations
once. On the other hand, if every model describes behavior that only overlaps moderately, there might
be as many as T/Y possible opportunities to deploy domain specific modeling, with the actual number
of opportunities limited by Z, each of which tool deployments again involves modeling X operations.
However, as the number of domains increases, avoiding overlap while developing the models
independently becomes increasingly difficult. Furthermore, as the number of operations being modeled
grows, making use of those models becomes increasingly difficult as well. If there is no overlap
whatsoever (all behavior is modeled as being part of a contiguous functional state space), there might
be as many as some unimaginably large number T possible operations that might be modeled using
domain specific modeling. Furthermore the search of operations by ontology permitted by initial
approximations of a General Collective Intelligence is predicted to make a far larger number of
operations manageable, and the eventual semantic search predicted to be made possible by a true
General Collective Intelligence, has the potential to make even an exponentially greater number of
operations manageable. Furthermore, collective development orchestrated by a General Collective
Intelligence is predicted to exponentially increase the functional state space, and therefore to increase
the number of applications Z. Under Stirling’s approximation, this increase in the number of potential
applications of domain specific modeling is also expected to be exponential.

However, this discussion of some number N of functional states doesn’t convey an understanding of the
vastness of conceptual space, which is important in understanding how domain specific modeling
might optimally be used within any subset of it. To understand that vastness, consider the number of
words in the average vocabulary to be an approximation for the number of concepts in each
individual’s conceptual space. An average adult English speaker actively uses around 20,000 words [8],
and can passively comprehend around 40,000 words. Understanding the openness of the total possible
individual conceptual space as well as the potentially exponentially greater volume that the collective
conceptual space might occupy is less intuitive. Aside from the words actively used or passively
understood by a given individual, there are also the words that exist in their language. It might not be
possible to count the words in a language since there is no way to tell whether a word is missing, but it
is certainly possible to count the words in a dictionary, though such totals don’t take account of entries
with senses for different word classes (such as noun and adjective) and homographs. The number of
words in some modern dictionaries ranges from over 1M for the Korean online dictionary, to tens of
thousands for various other languages. Assuming that each word represents a concept, assuming that
there is only a single instance of the entity represented by that concept, and assuming that there are the
same number of concepts in every language, then at minimum there are over 1M concepts that can
occupy an individual’s conceptual space. However, for each word representing a concept, like
“elephant”, there might be billions of elephants that currently exist, that have existed at some point
during the history of the earth, or that will exist in any real or imaginary world, all of which might be
described by that concept. Therefore elephant is not just a single point in conceptual space, its a region
in conceptual space that potentially contains billions of points. A single individual might not be aware
of all of these concepts of elephants, and therefore these points might not be within their individual
conceptual space, but if these concepts exist across all of humanity, then they exist within the collective
conceptual space. Given that there are nearly 8 billion people on earth, we can see how it is possible
that the collective conceptual space might be a billion times larger than the conceptual space of any
individual, even if many of the concepts in each individual’s conceptual space overlap.



As for defining a finite ontology of operations in a domain specific model which might be implemented
by software processes in order to navigate between a manageable subset of this potentially vast number
of concepts, all software can be considered as an automation of human reasoning processes. Reasoning
processes consist of either type 1 (intuitive) reasoning that is represented as a direct path between two
concepts in conceptual space, or type 2 (rational methodical) reasoning which is represented as a path
through intermediate concepts constituting a chain of logic. Any machine learning program can be
represented as an automation of a type 1 reasoning process, and the logic of any procedural software
program can be represented as an automation of a type 2 reasoning process. Therefore all software
programs can be mapped to some path in conceptual space. However, in order to be able to construct
all such software programs with such a domain specific model, we must have the capacity to construct
any path through conceptual space. In the domain of concepts the four operations hypothesized to
“span” all conceptual space are believed to make this possible. However, these operations are too
abstract to be easily translated to language by humans without the assistance of computer automation.

The relationship between domain specific modeling and functional state space is then that the
operations in the ontology of each domain specific language represent some subset of the potentially
vast number of paths though the functional state space corresponding to that domain. As an example,
taking a domain like the “Information Processing Domain”, or the “Visual Processing Domain”, our
choices remain within this same range of defining an ontology for the domain using a minimal set of
functions that “span” all possible paths through that functional state space but are very abstract, and
defining an ontology for the domain using some subset of the possible reasoning paths within that
domain that are in common usage. Which approach we take might vary depending on the context. For
example, in the case of the potentially thousands of blockchain platforms, each of which is difficult to
understand and therefore lack any intuitive representation that is in common usage, it’s hypothesized
that defining a set of four basic abstract operations that span all blockchain platforms might finally
enable the creation of a “cognitive blockchain” platform that provides complete blockchain
interoperability. For blockchain platforms, the high level of abstraction in these functions might not be
an impediment because there is no common intuitive understanding in any case. In the case of user
interfaces on the other hand, the “Visual Processing Domain” defines a few dozen operations that are
hypothesized to intuitively represent the vast majority of user interfaces. These operations might not
span all possible user interfaces, but might still be very useful.

When a given set of operations is defined within a domain such as the “Visual Processing Domain”,
another competing set of operations might come to be proposed within that same domain. It is expected
to be possible for a user interface model defined in one representation of the visual processing domain
to be translated to another representation of the visual processing domain, though this remains to be
confirmed in practice. The point is to emphasize the importance of providing a path between each
representation and each other representation, so that groups can evolve from one to the other according
to the relative fitness of each representation, in order to achieve consistency and convergence.

Conclusion

According to the theory of Human-Centric Functional Modeling, defining a functional state space
capable of providing a complete representation of the behavior of any given system in a given domain
requires defining a minimal set of the most basic possible behaviors with which all other behaviors
might be composed. The motivation to engage in this difficult exercise is that all open functional state
spaces are hypothesized to be spanned by some combination of only four operations. This is predicted
to be true for the functional state space that describes cognition, the functional state space that
describes the physical universe, or any other open functional state space.



Domain specific modeling in general suffers from the brittleness that comes with each individual,
business, government, or other entity defining their own ontology of behaviors, as opposed to defining
a framework in which groups can reliably come to a consensus regarding the complete set of behaviors
that any system is capable of. Functional state spaces for this reason provide a framework that can
potentially be used to define not just one domain specific modeling language, but a framework that can
be used to define a domain specific modeling language for each domain, and for all possible domains
and the relationships between them so that all behavior in all possible domains is represented.

This paper has provided a brief conceptual overview of how the emerging science of Human-Centric
Functional Modeling or HCFM might be used to define functional state spaces that might serve as a
domain specific modeling framework for General Collective Intelligence or GCI platforms. The
purpose of this paper was not to delve into any of these modeling domains or their implementations in
detail, each of which might occupy a book on its own. Instead the purpose was merely to introduce the
concept that a system of such domains might form the basis with which to construct a General
Collective Intelligence platform, and that such a platform might radically increase the collective impact
that is achievable through domain specific modeling tools, and in addition might make some outcomes
(such as the complete implementation of web 3.0 or complete blockchain platform interoperability)
reliably achievable where this has never been the case before.
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