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Abstract

This paper presents Part III-B of the Hierarchical Information Propagation Model (HIPM),
focusing on the emergence of fundamental physical phenomena from a minimal three-layer,
four-variable information framework. Without introducing spacetime geometry, field equa-
tions, or microscopic dynamics, we demonstrate that causal structure, entropy production,
effective light speed, and gravitational interaction arise naturally as structural consequences
of hierarchical information propagation.

HIPM assumes three hierarchical layers—quantum (Hq), folding (Hf), and material
(Hm)—and four fundamental variables: an intra-layer state variable 1, an inter-layer prop-
agation variable A, a layer-normalization variable ¢5, and a hierarchical index H. All ob-
servable quantities are treated as derived rather than fundamental.

We show that the unidirectional propagation of information from upper to lower layers
induces irreversibility and defines a natural arrow of time. Finite propagation across layers
leads to an emergent causal speed, which appears as an effective light velocity at the material
layer. Entropy production is reinterpreted as irreversible information loss due to hierarchical
projection rather than as a primary thermodynamic postulate.

Furthermore, we demonstrate that gravitational interaction emerges from information
degeneracy across layers. Multiple upper-layer configurations projecting onto identical
lower-layer states generate effective attractive behavior, with an inverse-square law aris-
ing from information flux conservation. Curvature-like effects are shown to be emergent
descriptions of information loss, not fundamental geometric entities.

By comparing HIPM with existing physical theories, we clarify that many phenomena
traditionally attributed to spacetime dynamics can be recovered from a purely informational
hierarchy. In particular, we show that causal structure, entropy production, and gravita-
tional interaction share a common origin in irreversible hierarchical information propaga-
tion. These results establish HIPM as a unifying framework capable of reproducing key
features of gravity, causality, and thermodynamics from first principles.
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1 Three-Layer, Four-Variable Framework of HIPM

The Hierarchical Information Propagation Model (HIPM) was originally introduced in Part I [5]]
and further developed in Part II 6], where the hierarchical structure, irreversible projection
mechanism, and foundational assumptions of the model were established. The present work
(Part III-B) builds directly on these results and focuses on the emergence of causal structure,
entropy production, and effective physical laws within the same framework.

This paper adopts the Hierarchical Information Propagation Model (HIPM) as a unified infor-
mational framework for re-examining phenomena traditionally described by general relativity,
quantum theory, and thermodynamics. Rather than introducing spacetime geometry, metric dy-
namics, or thermodynamic postulates as fundamental assumptions, HIPM seeks to reproduce
equivalent physical consequences through a minimal hierarchical structure of information prop-
agation.

The purpose of this section is to establish the structural foundation of HIPM used through-
out Part III-B. Only the hierarchical organization and a minimal set of variables are specified.
No explicit microscopic dynamics, numerical parameter values, or implementation- dependent
constructions are assumed. All subsequent emergent phenomena are derived solely from this
abstract framework.

1.1 Hierarchical Organization of Information

HIPM postulates that physical observables arise from information propagating through discrete
hierarchical layers. Each layer represents a distinct level of informational resolution and coarse-
graining, rather than a specific physical scale or entity.

The hierarchy is ordered from an upper quantum information domain (Hq), through an inter-
mediate folding domain (Hf), to a lower material observation domain (Hm). Information prop-
agates directionally from upper to lower layers, and this directionality underlies irreversibility,
entropy production, and the emergence of effective classical behavior.

A hierarchical index H is introduced to label the layer at which quantities are evaluated.
The present work makes no assumption about the numerical values of H, nor about the detailed
dynamics governing transitions between layers. Only the ordering and functional roles of the
layers are assumed.

1.2 Four Fundamental Variables

The entire HIPM framework employed in this paper is generated from four fundamental vari-
ables:

(¢, A, ty, H).

1 denotes the state variable representing the information content within a given hierarchi-
cal layer.

* A is an inter-layer propagation variable that characterizes how information is transmitted
and folded between adjacent layers.

15 is a layer-normalization variable fixing relative scaling and effective dynamical rates
within each layer.

H is the hierarchical index identifying the informational domain (Hq, Hf, or Hm).



These variables are treated as intrinsic descriptors of the informational state of the system
itself, not as perturbations or differences between states. No additional fundamental quantities
are introduced.

The notion of information employed here is conceptually rooted in the classical information-
theoretic framework introduced by Shannon [1]], although HIPM treats information as a hierar-
chical and dynamically propagated entity rather than a purely probabilistic quantity.

1.3 Derived Observables and Emergent Quantities

All physical quantities discussed in later sections—including entropy-like measures, effective
propagation speeds, interaction strengths, and fluctuation widths—are regarded as derived ob-
servables. They are uniquely determined once the four fundamental variables (¢, A, to, H) are
specified.

In particular, quantities such as layer-dependent entropy measures, information flux ratios, or
effective force laws are not postulated independently. They emerge as secondary consequences
of hierarchical information propagation and inter-layer folding. Their explicit forms depend on
the specific realization of the framework and are therefore introduced only when required in
subsequent sections.

1.4 Scope and Role of Part I11-B

Part I11-B focuses on demonstrating how a wide class of physical phenomena can be reproduced
from the three-layer, four-variable structure alone. The analysis does not rely on any explicit
core theory, simulation parameters, or hidden microscopic assumptions.

This structural approach allows HIPM to be compared directly with existing physical theo-
ries. While the mathematical derivation paths differ, the resulting observable predictions—such
as causal speed, entropy growth, and effective gravitational interaction—are shown to be con-
sistent with established results. This correspondence is explored systematically in the sections
that follow.

2 Directionality and Irreversibility of Information Propaga-
tion

A central structural consequence of the Hierarchical Information Propagation Model (HIPM) is

the existence of a preferred direction in information flow. This directionality is not imposed as

a dynamical law or thermodynamic postulate, but follows directly from the hierarchical organi-
zation introduced in Section 1.

2.1 Hierarchical Direction of Information Flow

In HIPM, information is defined primarily at higher hierarchical layers and is transmitted toward
lower layers through inter-layer propagation. Throughout this work, the hierarchy is ordered as

Hq — Hf — Hm,

where Hq denotes the quantum layer, Hf the folding layer, and Hm the material (observational)
layer.



This ordering implies that information propagation proceeds from upper layers to lower lay-
ers. Importantly, this direction is not associated with spatial orientation or temporal ordering in
physical spacetime, but with hierarchical organization of information itself.

2.2 Asymmetry Between Upward and Downward Propagation

Although the four fundamental variables (¢, A, to, H) are formally defined at all hierarchical
levels, their roles differ depending on the direction of propagation.
Downward propagation (from Hq to Hm) is characterized by:

* progressive coarse-graining of the state variable 1,
* effective reduction of accessible information degrees of freedom,

* accumulation of degeneracy in the mapping from higher-layer states to lower-layer repre-
sentations.

By contrast, upward propagation would require reconstruction of fine-grained information
that is no longer explicitly represented at lower layers. Within the present framework, no inverse
or one-to-one mapping from coarse-grained states in Hm back to unique states in Hq is assumed.

This structural asymmetry establishes a preferred direction of information flow without in-
voking dissipation, measurement collapse, or environmental noise, and arises purely from the
hierarchical reduction of information representation.

2.3 Irreversibility as a Structural Property

Irreversibility in HIPM is not defined through entropy increase at the outset. Instead, it arises as
a structural consequence of hierarchical projection.

Once information is propagated from a higher layer to a lower layer, multiple distinct states
at the higher layer may correspond to a single effective state at the lower layer. This many-to-one
mapping implies that backward reconstruction is generically non-unique.

As a result, irreversibility emerges as an intrinsic feature of hierarchical information propa-
gation, rather than as a phenomenological assumption.

2.4 Relation to Time Asymmetry

The directionality described above induces an effective arrow of time when observations are
restricted to lower layers. At the quantum layer Hq, information propagation is, in principle,
reversible and symmetric under causal evolution. However, once projected through the folding
layer Hf into the material layer Hm, the loss of hierarchical information manifests as apparent
temporal asymmetry.

In this sense, the arrow of time is not fundamental but emergent. It reflects the observer’s
restriction to a lower hierarchical layer rather than an intrinsic asymmetry of underlying dynam-
ics.

2.5 Implications for Subsequent Sections

The structural irreversibility established in this section forms the foundation for several key re-
sults derived later in this work. In particular, it underlies:



* the emergence of finite causal propagation speed (Section 3),
* entropy production and the thermodynamic arrow of time (Section 4),
* effective long-range interactions arising from information degeneracy (Section 5).

Thus, directional information propagation serves as the primary organizing principle con-
necting the minimal assumptions of HIPM to observable physical phenomena.

3 Emergence of Causal Speed and Effective Light Velocity

In this section, we demonstrate that a finite causal propagation speed emerges naturally within the
Hierarchical Information Propagation Model (HIPM). This speed is not postulated as a funda-
mental constant but arises from the structural properties of inter-layer information transmission.

3.1 Absence of Fundamental Speed Postulates

HIPM does not assume the existence of spacetime at the fundamental level, nor does it impose
an invariant maximum speed a priori. Instead, the model is formulated entirely in terms of
hierarchical information layers and the four fundamental variables (v, A, t5, H).

Consequently, any notion of causal speed must emerge as an effective quantity observable at
lower hierarchical layers, rather than as a primitive axiom of the theory.

3.2 Layer-Normalization and Propagation Scaling

The key ingredient leading to a finite effective speed is the layer-normalization variable ¢5. This
variable fixes the relative scaling of propagation between adjacent hierarchical layers.

Within a given layer, ¢, acts as an internal normalization unit. Between layers, differences
in ¢5 determine how information propagation is rescaled as it is transmitted downward through
the hierarchy.

Because 1, is defined at the folding layer Hf, its influence becomes manifest only after in-
formation has undergone hierarchical compression. As a result, lower layers inherit an effective
propagation constraint that is absent at the fully reversible quantum layer Hgq.

3.3 Emergence of Finite Causal Speed

When information propagates across successive layers, the combined effect of inter-layer cou-
pling A and layer normalization ¢, produces a finite effective transmission rate observable in the
material layer Hm.

This rate defines a causal speed:
AA

Veff ~ ———
eff A t2 )
where both AA and At, are emergent quantities defined only after hierarchical projection.
Importantly, this speed is not universal at the level of Hq. It becomes approximately invariant

only within Hm, where observers are restricted to coarse-grained information.



3.4 Effective Light Velocity as an Emergent Constant

In the material layer, repeated hierarchical folding leads to stabilization of the effective causal
speed. Once fluctuations at higher layers are sufficiently suppressed, the observable propagation
speed approaches a constant value.

This constant is naturally identified with the effective speed of light. Within HIPM, the
constancy of light speed is therefore not a fundamental symmetry principle but an emergent
consequence of hierarchical normalization.

This perspective differs fundamentally from relativistic postulates, in which the invariance
of light speed is assumed from the outset.

3.5 Compatibility with Relativistic Causality

Although the origin of causal speed differs from that in special relativity, the resulting phe-
nomenology at the material layer is consistent with relativistic causality.

No information can propagate faster than the effective causal speed once it is projected into
Hm. Thus, the light cone structure familiar from spacetime physics arises as an effective con-
straint on information flow, rather than as a fundamental geometric property.

3.6 Hierarchical Interpretation of Superluminal Structures

At higher layers, particularly in Hq, no meaningful notion of superluminal or subluminal propa-
gation exists. Since 75 is not operative at that level, information evolution in Hq is not constrained
by effective causal speed.

Apparent nonlocal or instantaneous correlations observed in quantum phenomena are there-
fore compatible with HIPM, as they originate in layers where causal speed is not yet defined.

3.7 Role in Subsequent Developments

The emergence of a finite causal speed plays a crucial role in later sections. In particular, it
provides the structural basis for:

* entropy production under irreversible projection (Section 4),
* the emergence of inverse-square interactions via information flux constraints (Section 5).

Thus, effective light velocity appears as a derived quantity linking hierarchical information
flow to familiar physical limits observed in spacetime physics.

4 Entropy Production and the Arrow of Time

In this section, we show that entropy production and the arrow of time emerge naturally within
HIPM as structural consequences of hierarchical information propagation. No independent ther-
modynamic postulates or statistical assumptions are introduced.

This irreversible projection is consistent with Landauer’s principle, which relates logical
irreversibility to physical entropy production [2].



4.1 Entropy as Hierarchical Information Loss

Within HIPM, entropy is not treated as a primitive thermodynamic quantity. Instead, it is inter-
preted as a measure of irreversible information loss induced by hierarchical projection.

When information propagates from an upper layer to a lower one, fine-grained details en-
coded in the state variable 1) are partially discarded. This loss is intrinsic to the folding process
and does not depend on any assumption of randomness or coarse-graining by an external ob-
Server.

Thus, entropy is defined operationally as the mismatch between information content before
and after hierarchical transmission.

4.2 Directionality of Entropy Increase

Because information propagation in HIPM is directional (Hq — Hf — Hm), the associated
information loss is also directional.

Once information has been projected into a lower layer, the discarded components cannot be
reconstructed. This asymmetry directly induces a monotonic increase in entropy-like measures
with decreasing hierarchical level.

Importantly, this directionality does not rely on probabilistic assumptions about microstates;
it follows solely from the irreversible structure of the hierarchy.

4.3 Emergence of the Arrow of Time

The arrow of time arises as an effective ordering of states imposed by hierarchical irreversibility.
Lower layers necessarily encode less information about earlier states than upper layers.

As aresult, temporal ordering becomes meaningful only after information has been projected
into Hf and Hm. At the quantum layer Hq, where information propagation is reversible and
lossless, no intrinsic arrow of time exists.

This explains why fundamental quantum dynamics appear time-symmetric, while macro-
scopic phenomena exhibit strong temporal asymmetry.

4.4 Relation to Thermodynamic Entropy

In the material layer Hm, the hierarchical entropy measure coincides phenomenologically with
thermodynamic entropy.

Processes that correspond to increased hierarchical folding manifest as irreversible macro-
scopic behavior, such as heat dissipation and entropy growth. Conversely, processes that pre-
serve information across layers appear reversible only approximately and only under highly con-
strained conditions.

Thus, the second law of thermodynamics emerges as a structural consequence of hierarchical
information propagation, rather than as an independent physical principle.

4.5 Comparison with Statistical Interpretations

Traditional statistical mechanics explains entropy increase by invoking large numbers of degrees
of freedom and probabilistic assumptions about microstates.

HIPM provides a complementary explanation: entropy increases because information is irre-
versibly projected across hierarchical boundaries. Statistical descriptions become effective tools
at lower layers but are not fundamental to the origin of irreversibility itself.

7



This distinction clarifies why entropy increase appears universal and robust across physical
systems, regardless of their microscopic details.

4.6 Implications for Cosmological and Quantum Time

The hierarchical origin of the arrow of time has direct implications for cosmology and quantum
theory. Early-universe conditions correspond to regimes where hierarchical folding was min-
imal, allowing near-reversible information flow. As the universe evolves, progressive folding
induces both entropy growth and the emergence of classical temporal ordering.

In quantum systems, apparent violations of classical temporal intuition arise from residual
access to higher-layer dynamics, where the arrow of time is not yet fully defined.

4.7 Role in the HIPM Framework

Entropy production plays a central role in linking hierarchical information flow to observable
macroscopic behavior. Together with the emergence of finite causal speed, it establishes the
conditions under which classical spacetime physics becomes a valid effective description.

In the next section, we show how similar hierarchical principles give rise to effective long-
range interactions, including gravitational-like behavior.

S Information Degeneracy and Emergent Gravitational In-
teraction

In this section, we demonstrate that effective gravitational interaction emerges naturally within
HIPM as a consequence of information degeneracy across hierarchical layers. Gravity is not
introduced as a fundamental force, nor is spacetime curvature assumed a priori.

This interpretation is conceptually aligned with Jacobson’s thermodynamic derivation of the
Einstein equation, where spacetime dynamics emerge from entropy balance relations [3]].

While the present framework differs in its hierarchical formulation, the idea that gravitational
interaction may emerge from information-theoretic principles is reminiscent of entropic gravity
approaches such as that proposed by Verlinde [4].

5.1 Concept of Information Degeneracy

Information degeneracy refers to the phenomenon that multiple distinct upper-layer configura-
tions project onto the same lower-layer representation. Within HIPM, this degeneracy arises
inevitably during hierarchical folding, where fine-grained distinctions encoded in ¢/ become in-
distinguishable after projection.

As a result, lower layers cannot uniquely reconstruct the detailed structure of upper-layer
states. This loss of distinguishability is structural and does not depend on specific dynamics or
statistical assumptions.

5.2 Effective Attraction from Degeneracy

When two subsystems share overlapping degeneracy patterns, their projected states become cor-
related at lower layers. From the perspective of the material layer Hm, this correlation manifests
as an effective attractive interaction.



Crucially, no direct force is exchanged between the subsystems. Instead, the apparent attrac-
tion arises because configurations that minimize information mismatch across layers are dynam-
ically favored.

This mechanism provides a natural explanation for why gravity appears universally attractive
and independent of internal composition.

5.3 Emergence of an Inverse-Square Law

Consider hierarchical information flow across concentric shells centered on a localized source.
Information emitted from an upper layer spreads uniformly across available degrees of freedom
as it propagates downward.

Conservation of information flux across hierarchical shells implies that the effective influ-
ence decreases with the surface area of the shell. In three effective spatial dimensions, this
directly yields an inverse-square dependence.

Thus, the familiar 1/r* behavior emerges without assuming spatial geometry or gravitational
field equations. It arises purely from information conservation and degeneracy under projection.

5.4 Relation to Curvature-like Effects

From the lower-layer perspective, information degeneracy modifies the effective propagation
paths of signals. Regions with higher degeneracy act as sinks of information resolution, produc-
ing effects analogous to curvature in spacetime descriptions.

However, in HIPM this curvature is not fundamental. It is an emergent bookkeeping tool
that captures how information loss distorts effective distances and causal relations at Hm.

This reinterpretation clarifies why gravitational effects can be described geometrically while
not requiring geometry at the fundamental level.

5.5 Universality and Equivalence

Because information degeneracy depends only on hierarchical structure and not on the specific
nature of 1), all forms of energy and matter contribute equally to emergent gravitational interac-
tion.

This provides a structural explanation for the equivalence principle: different physical con-
tents generate identical effective attraction insofar as they induce the same degree of hierarchical
information loss.

The universality of gravity thus reflects the universality of information degeneracy under
projection.

5.6 Comparison with General Relativity

General relativity postulates spacetime curvature sourced by energy-momentum. HIPM, by con-
trast, derives curvature-like behavior as an effective description of hierarchical information loss.
Both frameworks yield similar phenomenology at macroscopic scales, but their conceptual
foundations differ fundamentally. In HIPM, geometry is secondary and emergent, whereas in-
formation hierarchy is primary.
This distinction becomes essential when considering regimes where classical spacetime con-
cepts may break down.



5.7 Role within Part III-B

The emergence of gravitational interaction completes the core triad addressed in this part: causal
structure, entropy production, and long-range interaction.
Together, these results demonstrate that key features traditionally attributed to spacetime
dynamics can be recovered from a minimal three-layer, four-variable information framework.
In the next section, we place HIPM in explicit context with existing physical theories and
clarify the scope and limits of the present approach.

6 Relation to Existing Physical Theories

Modern theoretical physics has developed a variety of successful frameworks to describe grav-
itation, quantum phenomena, and cosmological evolution. General Relativity (GR), quantum
field theory (QFT), and inflationary models have each achieved remarkable empirical success
within their respective domains.

The purpose of this section is not to challenge these established theories, but to clarify how
the Hierarchical Information Propagation Model (HIPM) differs conceptually and structurally
from them, while recovering similar observable outcomes.

6.1 Conventional Theoretical Approaches

In General Relativity, gravitational phenomena are described by spacetime geometry. The metric
tensor is postulated as a fundamental object, and its dynamics are governed by the Einstein field
equations. Gravitational waves appear as propagating perturbations of the spacetime metric.

In quantum field theory, physical systems are modeled in terms of fields defined over space-
time, with dynamics specified by an action principle. Quantum uncertainty is imposed as a
fundamental postulate, encoded in canonical commutation relations.

Inflationary cosmology introduces one or more scalar fields (such as the inflaton) to explain
large-scale homogeneity, isotropy, and near-flatness of the universe. These fields and their poten-
tials are introduced phenomenologically in order to reproduce observed cosmological features.

While these approaches differ in scope and methodology, they share a common feature: fun-
damental structures such as spacetime geometry, fields, or dynamical laws are assumed at the
outset.

6.2 Conceptual Distinction of HIPM

HIPM adopts a fundamentally different starting point. Rather than postulating spacetime, fields,
or actions, HIPM assumes only the existence of hierarchical information layers and a minimal
set of variables governing information content and propagation.

The four variables (¢, A, ts, H) do not correspond directly to fields, metrics, or potentials.
Instead, they encode how information is represented within a layer, how it propagates between
layers, how scales are normalized across layers, and where in the hierarchy the description is
evaluated.

From this perspective, quantities such as spacetime geometry, causal speed, interaction strength,
and entropy are not fundamental objects. They arise as effective descriptions at lower layers,
once hierarchical information propagation and coarse-graining are taken into account.
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6.3 Comparison of Derived Structures

Table (1| summarizes the conceptual differences between representative existing theories and
HIPM, emphasizing that similar observable structures may emerge from distinct foundational

assumptions.

Table 1: Conceptual comparison between existing theories and HIPM

Aspect

Conventional theories

HIPM

Fundamental enti-
ties

Spacetime  metric,
fields, scalar potentials

quantum

Hierarchical information layers
and propagation variables

Origin of gravity

Spacetime curvature postulated
via field equations

Emergent interaction from hier-
archical information leakage

Wave phenomena

Metric or field perturbations

Transverse propagating modes of
information flow

Quantum  uncer- Imposed by canonical commuta- Invariant constraint at the highest
tainty tion relations information layer

Entropy and irre- Thermodynamic or statistical Structural consequence of irre-
versibility postulates versible inter-layer projection

Role of spacetime

Fundamental background or dy-
namical entity

Effective construct emerging at
lower layers

6.4 Implications for Unification

Because HIPM treats gravity, quantum uncertainty, wave propagation, and entropy as different
manifestations of a single hierarchical structure, it provides a natural unifying perspective. Phe-
nomena traditionally assigned to separate theoretical domains emerge from the same minimal
set of variables, without introducing additional degrees of freedom.

Importantly, HIPM does not require that existing theories be discarded. Rather, it suggests
that they may be understood as effective descriptions valid within specific hierarchical regimes.

This viewpoint opens the possibility that apparently distinct physical laws share a common
informational origin, which becomes visible only when hierarchical structure is taken as funda-
mental.
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