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The universal graph is a theoretical construct capturing the idea that every aspect of reality
can be modeled as a graph composed of vertices and edges and, as such, reality is a graph. From
the physical world of atoms, people, and galaxies to the mental planes of thoughts, words, and
knowledge, there exists a universal graph hosting all such structures. While this idea is enticing,
there are still strides to be made in coming to terms with a reality that is not composed of atoms
bound by spacetime, but instead, a graph composed of vertices united by edges. This letter presents
three open problems in our understanding of the universal graph.

I.

INTRODUCTION

The world of graphs is about representing everything
we know as a collection of vertices and edges and is
captured by the colloquial expression “everything is a
graph.” Graphs can be used to model the objective structures of our world – power grids, vascular systems, and
the protein chains created by our DNA [10]. Graphs also
enable us to model the more subjective and personal aspects of our lives – social ties [29], language structures [2],
and knowledge bases [28]. From representing the social
bonds that unite us to simulating the roads that enable
us to keep those bonds strong, the world of graphs appear to touch every aspect of our reality. This reality
is defined by the amalgamation of all graphs considered
into a single, interconnected universal graph (colloquially
known as The TinkerPop) [13]. This universal graph not
only exists as vertices and edges encoded in silicon (in
databases), but also in the atoms of our physical world
(in nature). The universal graph is all relational quanta
at every strata of existence. For the physicist, there are
the lattices of spacetime [1], spin networks at Plank scale
[21], and the cosmological maps of the galaxies and stars
in our universe [6]. For the neurologist, atomic graphs
are organized into neuronal vertices and dendritic edges
yielding brain-like neural networks [22]. For the psychologist, the neurons and axons manifest language networks
with word vertices projecting edges to the objects they
denote in the atomic-spacetime graph [25]. References
abound as the universal graph is all that surrounds regardless of the form it takes and no vertex nor edge has
a special vantage as being more “real” than any other.
Instead, the picture that emerges is one where (schemamotifed) subgraphs endogenous to the universal graph intricately link to one another, creating everything in front
of and within us.
The universal graph’s structure evolves when vertices
and edges are added and removed. This evolution is
guided by traversals executing in a parallel, distributed
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manner over the various regions of the graph like unleashed spasms of energy in a lightning storm. In the
(sub)graph of atoms and spacetime, these traversals are
the “laws of physics” (e.g. quantum and relativity) which
expand spacetime, bind atoms into molecules, and gravitationally drive the galaxies into spiraling structures
across the firmament. In the social (sub)graph of humanity, traversals identify similar behavioral and consumer
patterns in order to unite person- and artifact-vertices
via a type of “homophilic gravity” [9, 11]. Traversals are
the processes that yield the universal flux and they exist
at all scales and in all domains of the universal graph.
However, this begs the question: what is the metaphysical status of the traversal with respects to the graph?
Where are the traversals manifested? If the universal
graph is truly universal, then the answer must be that
traversals are topological features (subgraphs) of the universal graph as a true universal graph has nothing “outside” of its vertex and edge sets. This dove tailing of
process and structure into one sparks the first of three
open problems that must be addressed if there is to be
any validity to the reality of the universal graph.

II.

TIME: THE PROCESS OF CHANGE

A labeled graph is composed of vertices and edges and
is defined as G = (V, E, λ), where E ⊆ V × V and
λ : (V ∪ E) → Σ∗ is a labeling function mapping every vertex and edge to a string.1 For the sake of notational simplicity, an edge written as the triple (x, y, z)
will denote the edge (x, z) ∈ E, where λ((x, z)) = y. In a
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The graph G is a directed, labeled, binary, multi-relational graph.
This representation of a graph will be used throughout the remainder of this article. Without loss of generality, there exists
a bijective, information preserving function that maps the more
complex property graph (a vertex/edge-attributed extension of
G) to G [4]. Furthermore, there exists a bijective function that
takes G to an unlabeled form and a bijective function that takes
the unlabeled form to an undirected form [16]. In a lossless manner, the universal graph can be represented simply as “dots and
lines.”
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graph, vertices are typically understood to be the “data”
(the matter) and edges, the “relationships” (the space).
However, there is something missing from the above definition. There can be no structure without process. How
was the graph created? How does it change? These questions are answered by processes known as traversals and
their respective traversers. A traversal is composed of a
series of functions/steps that map traversers in G from
one location to another. In other words, traversals algorithmically direct a flow of traversers over the graph’s
topology, mutating the graph according to their inscribed
program/rules. Viewed from this functional, executing
frame of reference, every traversal is “outside” the graph.
However, if the universal graph is all that exists, then the
traversal must exist “inside” the graph. Graph-encoded
traversals (i.e. procedural subgraphs) and their implications have been explored in Ripple [24], grammar-based
random walkers [15], NenoFhat [17], and more generally
in graph-based virtual machine computing [18].
The Gremlin graph traversal machine will be used to
explain the “inside”/“outside”-dilemma more concretely
[19]. The Gremlin machine can be defined as
(V, E) = G ←− µ t ∈ T

ψ

−→ Ψ = (F, S)

The above definition has three primary components:
the graph G (the data structure), the traversal Ψ (the
program), and the traversers T (the central processing
units). A traversal is defined as the graph Ψ = (F, S),
where F is a set of functions and S ⊆ F × F links
these functions in an acyclic, directed manner. In applied graph computing, for execution efficiency, Ψ is not
commingled with G, but instead exists as a program in
its own address space (one not composed of vertices and
edges, but instead as bytecode instructions in random
access memory). However, given that Ψ is a graph in its
abstract form, it is possible to encode Ψ as a collection of
vertices and edges and thus, encode it as Ψ ⊂ G, where
F ⊂ V and S ⊂ E. At this point, from a computer
engineering perspective, both the data memory and the
program memory are co-located in G and what remains
“outside” the graph are the traversers T (the processing
units). Any traverser t ∈ T has two primary projections: one into the graph denoted µ : T → (V ∪ E)
(the traverser’s location in the graph) and one into the
traversal denoted ψ : T → F (the traverser’s location in
the traversal – i.e. its program counter). As such, the
traverser lies at the intersection of the description of a
process Ψ and its manifestation in the structure G. It is
possible to represent a traverser as a vertex t ∈ V and in
doing so, the µ and ψ projections are encoded as edges
in E, where (t, µ, v) states that traverser t is at vertex
v ∈ V and (t, ψ, f ) states that traverser t is currently executing step f ∈ S ⊂ V . In summary, both the T and Ψ
components of the Gremlin graph traversal machine can

be encoded “inside” G – the universal graph.2
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FIG. 1: Ψ encoded as a topological feature of the graph requires Ψ0 “outside” of the graph to evaluate it.

In physics, there haven’t been any popular suggestions
as to where the “laws of physics” are stored – where are
the algorithms of quantum and relativity theory [20]?
The laws of physics, as presently understood, appear to
exist “outside” the natural world impinging their rule
in a transcendental manner – altering the movement of
energy through spacetime accordingly. Any description
of reality defining such a dichotomy entails a more general, encapsulating system to evolve it. In a computer
science analog, a virtual machine requires the physical
machine to execute it and the physical machine requires
the physical world to execute it. What does the physical
world require to execute it? In the universal graph story
thus far, the “laws of the graph” are the traversals that
traverse it. However, as previously demonstrated, these
traversals (along with their respective traversers) can be
represented “inside” the graph as vertices and edges, but
in doing so, they become static structures no longer existing as executing processes, instead existing as representations of processes. For Ψ and T to resume their
process-like nature, there must exist another traversal
Ψ0 and traverser set T 0 “outside” the graph that execute
the graph-encoded Ψ and T (see Figure 1). To execute
Ψ, Ψ0 moves the graph-encoded traversers of Ψ through
the graph by altering their µ-edges as directed by their
ψ-edges. To the limit, in a recursive universal Turing
machine manner [27], it is possible to then encode Ψ0 in
the graph, but then there must exist Ψ00 “outside” the
graph executing Ψ0 which in turn executes Ψ. The first
open problem can be framed as such:
How can the universal graph evolve without
requiring processes to exist “outside” itself?
If the universal graph requires an influx of computing
power from “outside” itself, then with each new traversal (Ψ) there must exist another traversal that follows to
execute it (Ψ0 ) so forth (Ψ00 ) and so on (Ψ000 ) ad infinitum (Ψ∞ ). This would entail that the universal graph
is growing as processes (traversals) continually bide for
a structural (graph) representation in order to be within
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See “A Gremlin Implementation of the Gremlin Traversal
Machine”
at
https://www.datastax.com/dev/blog/
a-gremlin-implementation-of-the-gremlin-traversal-machine.
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the vertex/edge address space of the universal graph [12].
However, while an ever expanding universal graph ensures, at the mathematical limit, that all aspects of reality are “inside” the graph, there is still a dichotomousthreshold where a-structural traversals rush in to fill the
computational vacuum.3

III.

4

How does the universal graph encode the
qualia of thought as vertices and edges?

neural system

THOUGHT: THE STRUCTURE OF
EXPERIENCE

There is a flying toaster. This idea exists. Let us call
M the materialist graph whose vertices are the quanta
of spacetime and mass-energy. There are two types of
edges in M , those that denote how spacetime is linked
into a malleable lattice-like network and those that specify where each quanta of mass-energy is on that lattice
[21]. The materialist philosophy of modern science places
M as the foundational structure of reality. This philosophy would argue that the flying toaster (as qualia)
is an emergent epiphenomenon of a neurotransmitterfacilitated propagation of energy through the inferior
temporal gyrus, converging on the neurally-encoded concepts of “flying” and “toasters” [14]. The distributed,
synchronous stimulation of these conceptual neuronal regions elicits the subjective experience of a flying toaster
[23]. To date, the explanation ends there. The universal
graph theory may take the explanation further. The theory agrees that the materialistic graph M does exist, but
posits that M is a subgraph of G (i.e. M ⊂ G). Moreover, the qualia of a flying toaster must exist somewhere
as it can be addressed (e.g. discussed and experienced).
In which address space does it exist? According to the
theory of the universal graph, the flying toaster experience is a vertex in Q ⊂ G (a qualia graph). The flying
toaster vertex in Q is adjacent to the synchronous neural
vertices in M .4 While the flying toaster is “outside” the
graph M (as a semi-disjoint subgraph), the flying toaster
is not “outside” the universal graph, but within the universal graph and able to be referenced and traversed as
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such – obviously given one’s current “mind’s eye”-view of
a flying toaster. The second open problem can be framed
as:

This letter could have been entitled “Open Problems in the
Universal Traversal Theory.” It is possible to create a traversal
(program) that does not operate on an existing graph, but instead generates the universal graph by adding vertices and edges
to form space and its contents. However, such a “Big Bang”traversal needs to be represented somewhere in order to exist
and that requires some amount of structure (i.e. the traversal
program – Ψ). Structure requires process to be a dynamic form
and process requires structure to be a static description. This
yin-yang is The TinkerPop.
An argument to this statement is that the neural synchronous
process is itself the flying toaster qualia. However, given that process has a structural encoding in the universal graph, then that
neural synchronous process is a collection of vertices and edges
and given the correlation between neural activity and conscious
experience, those process vertices must be (implicitly) adjacent
to the respective neuronal “grandmother cells” of “flying” and
“toaster” [3].

M

physical world

Q

conscious world

FIG. 2: The material graph M references the qualia graph Q
via the brain.

Why can’t the experience of a flying toaster be objectively seen in physical reality (M )? The short answer:
physical reality is only one particular induced subgraph
of the universal graph. While the human has an objective form in M , it also has a subjective form in Q and it
is only through Q that M is ever known (see Figure 2).
A “thought process” in M looks like a cascade of neural activity but to the human, a “thought process” in Q
is much more rich – the qualia of consciousness. While
there are many graph models for neural activity (e.g. neurons, axons, and action potentials), there are no known
graph models of consciousness. Therefore, the open problem questions how experience is encoded – what are the
quanta (vertices) of experience and how do they relate to
each other (edges) within the universal graph?

IV.

CREATIVITY: ALTERING THE
STRUCTURE OF PROCESS

If the universal graph is all that there is, then our
shared world’s M -based “laws of physics”-traversal Ψ exists somewhere in the graph as vertices and edges. Such
“laws of physics” must structurally exist because they ultimately have a reference to the atomic elements of spacetime (e.g. via a µ-edge from a graph-encoded traverser
t ∈ V ). Unable to manipulate the structural description
of the “laws of physics,” humans have instead manipulated M -encoded physical objects in order to have the
“laws of physics”-traversal yield them utility (i.e. technology). However, given the “laws of physics”-traversal’s
structural form, it is theoretically possible (given the
right technology) to alter its graph-encoding by adding
and removing vertices and edges accordingly. This technology would be a mutating Ψ0 -traversal tool with a
t0 ∈ V µ-reference to the “laws of physics”-traversal subgraph, where Ψ0 ⊂ M (see Figure 3). Such processaware feedback is known as reflection in computer science, whereby a program manipulates its executing self
in order to, at runtime, alter its behavior [8]. In this
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way, it would be possible to rewrite the laws of physics
and thus, alter the way in which the objective, manifest
subgraph M evolves. The third and final open problem
is therefore stated as such:
If process is as malleable as structure, then
how does one get reference to the “laws of
physics” in order to alter the evolution of the
physical world?

physical
world

M

μ

t

ψ

Ψ
laws of
physics

μ

Ψʹ

laws of physics
manipulator technology

ψ

particles propagating through spacetime. Thus, much
like atoms compose to create people, once structurallyencoded, the “laws of physics”-traversals may more elegantly compose to create “social dynamics”-traversals
(an all-encompassing elegance currently not witnessed
across the seemingly disparate disciplines of science,
art, and the humanities [26]). In fact, network science
has identified similar network-growth patterns in numerous natural systems from the small- to the large-scale
(e.g. preferential attachment) [10]. These fractal-like
graph traversals may one day be realized as the general
“scale-free laws of nature” executing at all (subgraph)
scales and semantics within the universal graph. Such
a generally applicable description of the evolution of the
universe may lead to the discovery of their structural location in G and ultimate creative manipulation.

t'

FIG. 3: The structural representation of the “laws of physics”
being manipulated by a traversal technology in the physical
world.

The notion that everything is simply composed of “dots
and lines” leads to an age old question: why does the
universal graph have this form and not another? Theoretical physics attempts to describe the flux of reality
by means of equations. These equations, called theories, are based on closed world structures (e.g. numbers
and matrices) and processes (e.g. algebraic manipulations). Mathematicians, on the other hand, are more
interested not in the theories that govern reality, but
in theories themselves and their respective entailments
[7]. It is possible to define a set of axioms and then
deduce theorems from them regardless if those axioms
reflect aspects of the physical world. Many such explorations lead to logical inconsistencies and thus, are neither sound nor complete. However, some theories lead to
harmonious, self-consistent worlds. The universal graph
theory posits that such theoretical worlds exist. It is
through the mathematician’s Q-mind that a reference to
these regions of the universal graph are bridged. A new
theory/traversal/“laws of physics” could be created and
if it were sound and complete, then it could be the means
by which the evolution of M ’s Ψ is re-programmed – via
the creativity of Q manifested in Ψ0 [5].
A related problem is whether “emergent laws” that
govern the evolution of large structures such as humans
with social ties can be constructed from more “fundamental laws” that govern smaller structures such as
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V.

CONCLUSION

The universal graph is difficult to describe because it
is everything that is describable. However, through the
fields of graph theory and computing, a new world is
emerging composed solely of dots and lines. Advances are
being made by various engineering endeavors to provide
graph technologies that enable the storage and processing
of massive-scale graphs distributed across multi-machine
compute clusters. Moreover, in application, graphs are
being used to model numerous aspects of physics, chemistry, biology, electronics, computing, engineering, commerce, the social sciences and more. The more graphs
pervade our descriptions and technologies of the world,
the better fit we will be to expand our understanding
of reality and in turn, alter it in ways consciousness has
never dreamed.
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