From Ontology to Computation

A Structural Framework

Abstract

This paper provides a straightforward roadmap connecting physical reality to com-
putational work. It argues that ontology, mathematics, epistemology, and computation
form a sequential dependency. We establish how abstract reasoning and probabilistic
data extraction are bounded by thermodynamic laws, framing computation as a physical

process that requires energy to organize information.

1 Introduction

Modeling complex systems requires defining the boundaries between what physically exists,
what can be mathematically structured, and what can be actively computed. Fields like
formal logic, statistical mechanics, and information theory are often treated as separate
disciplines. However, they are part of a linear progression. This paper traces that progression
from the physical processes of the universe (ontology) to the extraction of data (epistemology),

and finally to the physical expenditure of energy required to process that data (computation).

2 The Foundations: Ontology and Mathematics

Before information can be processed, we must define both the physical reality that generates

data and the structural language used to model it.

2.1 Ontology: The Physical Substrate

Ontology is the study of physical existence independent of observation. Instead of viewing
reality as a collection of static objects, it is more precise to view it as an ongoing series
of physical processes and thermodynamic states. This is the raw distribution of energy
and mass in the universe. It is the physical reality that exists before a system attempts to

measure or model it.

2.2 Mathematics: Pure Structure

While ontology describes the physical universe, mathematics describes pure structure. It is
an abstract system of axioms and quantitative relationships that does not require physical
mass or energy to be true. Mathematics provides the formal scaffolding that allows us to

construct models of the physical processes occurring at the ontological level.



3 Epistemology: Measuring Reality

Epistemology defines how a system extracts data from its environment. Because an observer
cannot perfectly access the entirety of physical reality, specific mathematical tools are used

to measure and model the world.

3.1 Logic

Logic is the system of valid reasoning for deterministic environments. In a Boolean framework,
statements are strictly true (1) or false (0). Logic provides perfect certainty, but it requires
a closed system where all variables are perfectly known. In the physical world, where hidden

variables and noise are ubiquitous, logic alone is insufficient to model reality.

3.2 Probability

Probability provides a framework for decision-making under uncertainty. When variables
are hidden, probability assigns a numerical likelihood between 0 and 1 to an event. Rather
than defining what is absolutely true, it mathematically defines what is most likely to be
true based on available evidence, allowing systems to update their models as new data is

observed.

3.3 Information Theory

Information Theory subjects these probabilistic models to physical constraints. It measures
the “surprise” or uncertainty contained in an event and defines the bandwidth limits for
transmitting that data.

The central metric is Shannon Entropy (H):

H(X) = —ZP(:Bi)logz P(x) (1)

This equation demonstrates that information is deeply tied to statistical mechanics. The
Maximum Entropy Principle dictates that, without additional constraints, systems naturally
tend toward the state of highest uncertainty. Information theory proves that data is physical;

extracting and transmitting it is constrained by the natural entropy of the system.

4 Computation: Processing Information

Computation is the physical application of epistemology. If logic and probability are the
rules for measuring data, computation is the kinetic process of transforming that data over

time.



Because information is physically bound to its medium, manipulating data requires
manipulating physical matter. Therefore, computation requires an expenditure of thermody-
namic energy. Landauer’s Principle formalizes this cost, stating that the erasure of a single

bit of information requires a minimum amount of energy:

E > kpTIn2 (2)

4.1 The Thermodynamic Tradeoff

This energetic requirement means all computational work exists on a physical spectrum. On
one end is pure entropy production (randomness and heat dispersal). On the other end is
the extraction of free energy to perform highly structured, intelligent work.

Computation, therefore, is fundamentally a competition for a universal thermodynamic
input (energy). Energy is consumed to secure the state of a system, measure data, and
process it using logic and probability. The resulting output is structured intelligence that

acts upon the physical world.

5 Conclusion

The relationship between reality and computation is a linear structural progression. Ontology
provides the physical energy and processes; mathematics provides the abstract models; logic,
probability, and information theory extract measurable data; and computation expends

thermodynamic work to process that data into intelligent action.



