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Abstract

The classical laws of thermodynamics describe the evolution of energy, entropy, and equilibrium
in physical systems, yet they do not explicitly treat information as a physical quantity with
thermodynamic status. In this work, | propose the Extended Fifth Law of Thermodynamics,
asserting that information acts as a fundamental physical variable governing organization,
stability, and the direction of evolution in complex systems. | formalize this principle and
introduce a quantity—organizational efficiency, denoted R—defined by the balance between
information and entropy. | demonstrate how thisframework unifies phenomena across physics,
biology, computation, and artificial intelligence.

| develop the mathematical formulation of the law, analyze its implications for non-equilibrium
systems, and show how it directly enables the construction of new computational models,
including the R-Law Al framework. Examples from machine learning illustrate how
information-entropy dynamics shape learning trajectories and structural coherence. | conclude
by discussing the broader relevance of the Extended Fifth Law for understanding order
formation, self-organization, and intelligence in natural and artificial systems.



1. Introduction

Thermodynamics has historically focused on energy, temperature, and entropy, treating them as
the primary determinants of physical evolution. Yet modern scientific domains—such as
information theory, artificial intelligence, biology, and complex systems—show that information
plays a key role in the emergence and maintenance of structure. The classical laws do not
explicitly address this role.

Over the past decades, insights from Landauer, Shannon, Jaynes, and Prigogine have
suggested that information may possess deeper physical meaning than previously assumed.
However, no law of thermodynamics formally elevates information to the status of a governing
variable.

In this article, | propose the Extended Fifth Law of Thermodynamics, built on the following
premise:

The degree of organization attainable by any physical or informational system is determined by
the balance between its usable information and its effective entropy.

This work establishes the conceptual foundations of this law, develops its mathematical
structure, and demonstrates its wide applicability—from physical processes to computational
learning systems.



2. Conceptual Foundations

2.1 Limitations of the Classical Laws
The four classical laws address:
e existence of absolute zero
e conservation of energy
e irreversibility and entropy increase
e equilibrium and temperature definition
However:
e They do not quantify how systems gain, lose, or transform information.
e They do not explain why some systems spontaneously organize.
e They do not connect entropy reduction with meaningful patterns or structure.

Modern systems—biological cells, neural networks, ecosystems—use information to resist
entropy. Yet the physics behind this behavior remains incomplete.

2.2 Information as a Physical Quantity

Following Shannon, | adopt the idea that information reflects reduction of uncertainty.
Physically, information corresponds to:

e constraints on system configuration,

e correlations among components,

e predictive structure embedded in the system.
Information is not merely abstract; it determines:

e stability,

e predictability,

e capacity to perform work,



e ability to self-organize.

The Extended Fifth Law recognizes this explicitly.

2.3 Organizational Efficiency

To unify information and entropy, | introduce organizational efficiency, R:
R quantifies how effectively a system converts information into stable, low-entropy organization.
R increases when:

e patterns emerge,

e variance decreases,

e entropy is controlled,

e structure becomes coherent.
R decreases when:

® noise increases,

e disorder rises,

e the system becomes unstable or chaotic.

This quantity becomes the central metric for analyzing non-equilibrium organization.
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3. Statement of the Extended Fifth Law

Extended Fifth Law of Thermodynamics

In any evolving system, the attainable degree of organization is governed by the balance
between usable information and effective entropy. Information acts as a thermodynamic variable
that drives structure formation, stability, and self-organization.

This principle generalizes the classical second law by adding a counterbalancing force:
information.

Where the second law describes disorder growth, the extended fifth law describes order
emergence.



4. Mathematical Framework

4.1 Information Dynamics
| denote information as arising from:
e correlations,
e constraints,
e structure,
e predictive coherence,
e reduced variance in internal states.
These properties determine the capacity of a system to maintain order in the presence of

entropic forces.

4.2 Entropy Dynamics
Entropy reflects:
e dispersion of states,
e |loss of structure,
e stochastic noise,
e instability.

Whereas classical entropy concerns microstates, effective entropy concerns macroscopic
disorder impacting organization.

4.3 Organizational Efficiency Dynamics
R increases when:
e new structure emerges,

e correlations strengthen,



e disorder is reduced.
R decreases when:
e noise overwhelms structure,
e entropic drift dominates,
e the system destabilizes.

The Extended Fifth Law asserts that systems evolve to maximize R when conditions allow.



5. Applications Across Domains

5.1 Physical Systems

Information constraints reduce effective entropy, enabling:
e crystal formation,
e pattern formation in fluids,
e self-assembled structures,
e dissipative structures (Prigogine).

The Extended Fifth Law formalizes these phenomena.

5.2 Biological Systems
Cells, organisms, and ecosystems maintain organization by:
e storing information genetically,
e regulating entropy through metabolic processes,

e preserving correlation structures.

Life can be viewed as a maximization of R under thermodynamic constraints.

5.3 Cognitive and Neural Systems

Brains maximize organizational efficiency by:
e forming stable representations,
e suppressing noise,
e enhancing predictive structure.

Learning increases information; forgetting removes noise.



5.4 Artificial Intelligence
Here the Extended Fifth Law becomes directly applicable.
Neural networks:
e accumulate structure (information),
e generate noise (entropy),

e balance both during learning.

| operationalize this balance through the R-Law Al framework, demonstrating how Al can be

trained as a thermodynamic self-organizing system.

This is the first computational realization of the Extended Fifth Law.

6. Case Study: The R-Law Al Framework

—— Training loss
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Figure2_Training_Dynamics
R-Law Al embodies the Extended Fifth Law by providing:
e metrics for information, entropy, organizational efficiency
e |earning rules that seek to maximize R
e stabilizing forces that reduce internal noise
e Dbiologically inspired self-organizing behavior
Experiments demonstrate:
e smoother convergence,
e reduced parameter chaos,
e higher structural coherence,
e increased interpretability.

This constitutes the world’s first Al architecture derived from a thermodynamic
information law.
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7. Discussion
The Extended Fifth Law offers:
e anew lens for understanding emergence,
e a bridge between physics and information,
e arigorous way to quantify organization,
e a unified framework for studying natural and artificial systems.

e |t does not replace existing thermodynamic laws; it extends them into domains where
information is the dominant driving force.



8. Conclusion

| have introduced the Extended Fifth Law of Thermodynamics, establishing information as a
fundamental physical quantity governing organization and stability. This law provides a unified
framework for understanding self-organization across physics, biology, cognition, and artificial
intelligence.

Through the R-Law Al framework, | demonstrate the concrete computational applicability of this
law, marking a world-first integration of information thermodynamics into machine learning.

This work opens new avenues for research into robust, self-organizing systems.
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