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1. Introduction

The Transiad Model is a foundational theoretical framework designed as a universal
substrate for the emergence of all conceivable physical and informational phenomena.
Rooted in the principles of parsimony, elegance, emergence, and universality, the
Transiad Model seeks to provide a minimalistic yet robust structure from which com-
plex systemsincluding the fundamental laws of physics, computational paradigms, and
cosmological constructsnaturally arise. This comprehensive document outlines the formal
structure, operational mechanisms, and justificatory principles of the Transiad Model,
demonstrating how it facilitates the emergence of intricate and diverse phenomena from
simple, low-level interactions.
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2. Core Components

2.1. s-units (States and Functions)

2.1.1. Definition

s-units are the fundamental quantum entities within the Transiad network, embodying
both quantum states and their inherent transformative functions. This dual role
integrates the representation of information (states) with the mechanisms of its transfor-
mation (functions), streamlining the model’s architecture.

2.1.2. Properties

e Superposition: Each s-unit can exist simultaneously in multiple basis states, en-
abling the representation of complex quantum information.

e Entanglement: s-units can form non-local correlations with other s-units, facili-
tating intricate interdependencies and collective behaviors.

e Unitary Transformation Capability: Each s-unit possesses an associated uni-
tary operator that governs its state evolution, ensuring reversibility and infor-
mation preservation.

2.1.3. Mathematical Representation
|thi) = Zaik|k>
k

e |¢;): Quantum state vector of s-unit S;.
;. Complex probability amplitudes.
|k): Basis states in Hilbert space #,;.

¥i) = Uiles)
U;: Unitary operator associated with s-unit S;.
|Y}): Transformed state vector post-operation.

2.2. t-units (Transitions)

2.2.1. Definition

t-units represent potential quantum operations or transitions within the network. They
serve as conduits for interactions between s-units, including multi-way interactions essen-
tial for modeling complex, collective behaviors.

2.2.2. Properties

e Generalized Mapping: Each t-unit defines a mapping from a set of input s-units
to a set of output s-units, allowing for one-to-one, many-to-one, one-to-many,
or many-to-many interactions.

e Binary States: Exist in binary statesO (Potential) and 1 (Actualized)governing
the activation and execution of transitions.



Transiad Model 6

2.2.3. Mathematical Representation
T} - {Si1,Siz, ., Sin} = {561,502, - - -, Som }

e T7): Transition unit.
o {Si1,5i2,...,Sm}: Input set of s-units.
o {So1,5%2, -, Som}: Output set of s-units.

2.3. Information Entropy Integration

2.3.1. Definition

Information Entropy quantifies the uncertainty or information content within the
network, driving state transitions and guiding the adaptive behavior of s-units.

2.3.2. Properties

e Dual Role: Influences both physical dynamics (state transitions and topology
changes) and information processing (adaptive modifications of s-units).

e Entropy Measures: Utilizes Shannon entropy for classical information and von
Neumann entropy for quantum states.

2.3.3. Mathematical Representation
Shannon Entropy H:

H(P) == pilog,p;
i=1

e P={pi1,p2,...,pn}: Probability distribution.
Von Neumann Entropy S:

S(p) = —Tr(plog, p)

e p: Density matrix of the quantum state.

2.4. Emergent Time via Causal Sets

2.4.1. Definition

Emergent Time arises from the causal relationships between state transitions and
message interactions within the network, rather than being an externally imposed param-
eter.

2.4.2. Properties

e Causal Set C: A collection of events e; with a partial order < denoting causal
precedence.

e Temporal Ordering: Establishes a temporal dimension consistent with rela-
tivistic principles, enabling the emergence of spacetime geometry.
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2.4.3. Mathematical Representation
C={eie,...,e,}, e <e; = e; causally precedes e;

e ¢;,¢;: Events representing state transitions.
e <: Causal precedence relation.

2.5. Observation

2.5.1. Definition

Observation in the Transiad Model refers to the process by which the network interacts
with its environment, leading to the collapse of quantum states and the acquisition of
definite information from superpositions.

2.5.2. Properties

e Measurement Protocol: Defines how and when quantum states collapse into
definite states upon interaction or external influence.

e Information Acquisition: Facilitates the transition from quantum uncertainty
to classical definiteness, enabling the network to gather and process information.

2.5.3. Operational Mechanism

1. Triggering Observation: Initiated by t-unit activations that correspond to mea-
surement interactions.

2. State Collapse: Upon observation, the s-unit’s state collapses to one of its basis
states with a probability proportional to the square of its amplitude.

3. Information Integration: The collapsed state integrates into the network’s infor-
mational framework, influencing subsequent transformations and transitions.

2.6. Objective Reduction

2.6.1. Definition

Objective Reduction is the mechanism by which quantum superpositions irreducibly
collapse to definite states, driven by intrinsic properties of the system rather than external
observation.

2.6.2. Properties

e Spontaneous Collapse: Occurs independently of external measurement, triggered
by internal criteria such as reaching critical entropy thresholds.

e Irreversibility: Ensures that once a state collapse occurs, it cannot be reversed,
maintaining the directionality of time and information flow.

2.6.3. Operational Mechanism

1. Entropy Thresholds: When the von Neumann entropy of an s-unit exceeds a
predefined threshold Sipreshola, Objective reduction is triggered.
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2. State Collapse: The s-unit collapses to a definite state, reducing entropy and
stabilizing the network’s informational structure.

3. Network Stabilization: Objective reduction facilitates the emergence of stable,
definite configurations within the network, promoting coherent large-scale struc-
tures.

2.7. Spreading Activation

2.7.1. Definition

Spreading Activation refers to the propagation of state changes and information through
the network, allowing localized interactions to influence distant parts of the network dy-
namically.

2.7.2. Properties

e Dynamic Connectivity: Enables rapid information dissemination and coordina-
tion across the network.

e Emergent Coordination: Facilitates the emergence of cohesive global structures
from localized interactions.

2.7.3. Operational Mechanism

1. Activation Propagation: When a t-unit activates, the resulting state changes in
s-units trigger subsequent activations in connected t-units.

2. Information Flow: Information spreads through the network via interconnected
t-units, enabling synchronized state changes and collective behaviors.

3. Global Structure Formation: Spreading activation allows for the formation of
supernodes and other large-scale structures by linking multiple s-units through cas-
cading activations.
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3.

3.1.

Operational Dynamics

Initialization

e Initial Configuration:

— The network commences with a minimal set of s-units and t-units, each
initialized in specific quantum states.

— All t-units are initially set to 0 (Potential), indicating their readiness to be
activated based on network dynamics.

e Supernodes Formation:

3.2.

— Supernodes emerge dynamically from the interactions of s-units and t-units
as mutual entanglements surpass defined entropy thresholds, leading to highly
connected clusters without predefined structural components.

Quantum Message Passing
Generation:

e s-units perform unitary transformations on their own states, generating
quantum messages (qubits) that encapsulate information about the state
transformations.

Transmission:

e Generated messages traverse through t-units, which define the pathways for
interactions between s-units. This includes both pairwise interactions and
multi-way interactions facilitated by generalized t-units.

Reception:

e Upon reaching target s-units, messages are processed by their respective uni-
tary operators, resulting in transformed outgoing messages and potential
entanglement with the s-unit’s state.

. Entanglement and Superposition:

e Messages can induce entanglement between s-units, fostering non-local cor-
relations and maintaining quantum coherence across the network.

Entropy-Driven State Transitions

1. Entropy Calculation:

e Continuously compute the von Neumann entropy S(p) for each s-unit and
the overall network to assess the level of uncertainty and information con-
tent.

. Transition Probability:

e Determine the probability of t-units transitioning from 0 to 1 based on the
calculated entropy:
P(Tj=1)=1—¢ ™"

— A: Scaling parameter determining the sensitivity of transitions to entropy.
Activation:

e When a t-unit’s state transitions to 1 (Actualized), it activates the corre-
sponding quantum operation, triggering state collapses and information
propagation within the network.

Network Reconfiguration:



Transiad Model 10

e Entropy Thresholds: Dictate the formation or dissolution of connections
(including potential supernodes), allowing the network to adapt and evolve
dynamically in response to changing informational landscapes.

3.4. Adaptive Transformation Mechanism

1. Self-Modification Mechanism:
e s-units possess the capability to modify their own unitary operators
based on feedback from the network’s information entropy and information

flow:
05, 0l
+7
— 1,7: Learning rates controlling the extent of adaptation.
g—gﬁ, %’;: Gradients of local entropy and information flow with respect
to the unitary operator.
2. Optimization Objectives:
e Information Flow Maximization: Adjust transformations to maximize
information throughput.
e Entropy Minimization: Reduce uncertainty within s-units to foster co-
herent state evolution.
e Stability Maintenance: Ensure quantum coherence and network sta-
bility through balanced adaptations.
3. Ensuring Unitarity:
e Post-modification, s-units undergo a unitary normalization process to main-
tain the unitary nature of their operators, preserving reversibility and in-
formation integrity.

UZ(:Ui-l-??

3.5. Emergent Supernodes and Global Structures

e Emergent Supernodes:

— Formation Criteria: When a group of s-units exhibits mutual entanglement
surpassing a threshold entropy Sinreshold, they form a highly connected clus-
ter termed a supernode.

— Role: Supernodes act as hubs for multi-scale interactions, facilitating
global coordination and complex system behaviors.

e Hierarchical Supernodes:

— Supernodes of Supernodes: Higher-level supernodes can emerge from the
interactions of existing supernodes, enabling the formation of hierarchical
global structures.

— Global Cohesion: These hierarchical structures support the emergence of
cohesive global behaviors, ensuring that complex systems operate in a syn-
chronized and organized manner.

e Spreading Activation:

— Mechanism: Activations within supernodes propagate through the network,
enabling rapid information dissemination and coordinated state transforma-
tions across vast network regions.

— Impact: Facilitates the emergence of global structures and complex sys-
tems by ensuring that localized interactions influence the entire network co-
hesively.
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4. Mathematical Formalism

4.1. Quantum State Evolution
4.1.1. Unitary Transformation
WD = Uilvi)

e Ensures reversible and information-preserving state evolution.

4.1.2. State Collapse upon Measurement
;) — |k)  with probability |a|?
e Governs the probabilistic nature of quantum measurements leading to state col-
lapses.
4.2. Entropy Calculation and Transition Probability

4.2.1. Von Neumann Entropy

S(p) = —Tr(plog, p)

e Measures the quantum uncertainty of a state.

4.2.2. Transition Probability Based on Entropy
P(Tj=1)=1—¢ ™0

e Links state uncertainty to the likelihood of transition activations.

4.3. Adaptive Transformation Mechanism

4.3.1. Unitary Operator Update Rule

0S5 0l
U =U;
TR T
e Incorporates gradients of local entropy and information flow to guide adaptive

transformations.

4.3.2. Unitarity Enforcement

e Apply normalization or projection methods post-update to ensure U/ remains uni-
tary.

4.4. Causal Set-Based Temporal Ordering
4.4.1. Causal Set Definition

C={eyeq,...,e,}, e <e; = e; causally precedes e;

e Establishes a partial order of events based on causal dependencies, giving rise
to an emergent temporal dimension.



Transiad Model 12

5. Emergence of Fundamental Physical and Informa-
tional Systems

5.1. Quantum Mechanics (QM)

5.1.1. Superposition and Entanglement

e Representation: s-units embody quantum states capable of superpositions and
entanglements, directly modeling the core principles of QM.

e Operational Dynamics: Through unitary transformations and t-unit-mediated
interactions, s-units can exist in multiple states simultaneously and form non-local
correlations.

5.1.2. Unitary Evolution and Measurements

e Dynamics: Governed by the unitary operators of s-units and the probabilistic acti-
vations of t-units, mirroring the quantum state evolution and measurement processes
in QM.

e State Collapse: Objective reduction and observation mechanisms ensure that
quantum measurements lead to definite state outcomes, consistent with QM postu-
lates.

5.2. Computational Systems

5.2.1. Classical Computing

e Turing Machines: Simulated through s-unit states representing machine states
and t-unit transitions representing state transitions based on input symbols.

e Operational Mapping: Each state of a Turing machine corresponds to an s-unit’s
quantum state, and tape symbol manipulations are modeled via t-unit transitions.

5.2.2. Quantum Computing

e Quantum Gates: Modeled via the unitary transformations of s-units, enabling
the execution of quantum algorithms and operations.

e Quantum Circuits: Constructed through sequences of s-unit transformations and
t-unit interactions, representing quantum logic gates and entanglement operations.

5.3. Non-Computable Graphs

5.3.1. Complex Relationships
e Representation: t-units map s-units in non-algorithmic ways, allowing the net-
work to embody graph structures that cannot be fully described by any algorithm.
5.3.2. Model Capability

e Flexibility: The generalized nature of t-units enables the representation of arbi-
trary and complex relationships between s-units, including those that defy algorith-
mic description.
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5.3.3. Implications

e Beyond Turing Machines: Supports the existence and manipulation of non-
computable structures, expanding the model’s applicability beyond traditional com-
putational limits.

5.4. Emergence of Physical Laws

5.4.1. Natural Emergence

e Mechanism: Through the adaptive transformations and interaction dynamics of
s-units and t-units, fundamental physical laws (e.g., conservation laws, symmetries)
emerge organically without external imposition.

5.4.2. Operational Integration

e Symmetry Enforcement: The network’s invariances under specific transforma-
tion rules lead to the spontaneous emergence of symmetries that underpin physical
laws.

5.4.3. Example: Conservation Laws

e Energy Conservation: Ensured by the unitary nature of transformations, which
preserve the overall informational content and state amplitudes, reflecting the con-
servation of energy.

Te(UipU}) = Tr(p)

— This equation demonstrates that unitary transformations preserve the trace of
the density matrix, analogous to conserving energy in physical systems.

5.5. Standard Model of Particle Physics

5.5.1. Gauge Symmetries and Interactions

e Emergence Mechanism: Through the adaptive transformations of s-units and
the structured interactions defined by t-units, gauge symmetries arise naturally,
reflecting conservation laws and invariant properties.

5.5.2. Particle Properties

e Spin and Quantum Numbers: Arise from the intrinsic properties and transfor-
mation behaviors of s-units under their unitary operators, mirroring the quantum
numbers assigned to particles in the Standard Model.

5.5.3. Interactions

e Force Carriers: Modeled via t-units facilitating interactions between s-units, anal-
ogous to gauge bosons mediating fundamental forces.
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5.6. Relativity (Special and General)

5.6.1. Special Relativity (SR)

e Lorentz Invariance: Ensured through causal set-based temporal ordering and the
network’s invariance under specific transformation rules, maintaining consistency
with SR principles.

5.6.2. General Relativity (GR)

e Spacetime Curvature: Emerges from the dynamic network topology responding
to state distributions, simulating the curvature of spacetime in response to mass-
energy distributions.

e Operational Dynamics: The entanglement and interactions of s-units lead to
topological changes in the network, reflecting gravitational effects and spacetime
geometry.

5.7. Thermodynamics and Infodynamics

5.7.1. Thermodynamics

e Entropy Dynamics: Information entropy within the network governs state tran-
sitions and transformation adaptivity, aligning with the second law of thermody-
namics where entropy tends to increase.

e Heat and Work Analogues: Modeled through energy-like properties inherent in
s-units, influencing unitary transformations and state transitions, facilitating the
emergence of thermodynamic behavior.

5.7.2. Infodynamics

e Information Flow: The adaptive mechanisms of s-units optimize information pro-
cessing and transmission, embodying principles of information theory within the
network.

e Entropy Management: Balances information gain and loss, ensuring efficient
information processing while maintaining network stability.

5.8. Complex Systems Including Fractals and Self-Referential
Systems

5.8.1. Fractal Structures

e Emergence: Recursive and self-similar patterns emerge from the network’s topol-
ogy and state interactions, embodying fractal-like properties.

e Operational Dynamics: Spreading activation and hierarchical supernodes facili-
tate the repetition of patterns at multiple scales.

5.8.2. Self-Referential Systems

e Mechanism: The network’s ability to form entangled and highly interconnected
s-units facilitates self-referential dynamics, enabling feedback loops and recursive
behaviors.
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e Operational Integration: Supernodes of supernodes allow for higher-order self-
referential structures, promoting complex, self-sustaining systems.

5.9. Biological Systems with Homeostasis

5.9.1. Homeostatic Mechanisms

e Representation: Adaptive transformations of s-units allow the network to main-
tain stable internal conditions despite external fluctuations, emulating biological
homeostasis.

e Operational Dynamics: Feedback from information entropy and flow guides s-
units to adjust their states, ensuring system stability.

5.9.2. Complex Biological Networks

e Modeling: Interconnected s-units represent biological components interacting dy-
namically to sustain overall system stability and functionality.

e Emergent Behavior: Network adaptation leads to the emergence of self-regulating
biological systems capable of maintaining equilibrium.

5.10. Cosmological Structures and the Multiverse

5.10.1. Emergent Cosmology

e Structure Formation: Dynamic interactions and state transitions within the net-
work facilitate the emergence of large-scale structures akin to galaxies, stars, and
planetary systems.

e Operational Dynamics: Supernodes act as gravitational centers, attracting and
organizing surrounding s-units into cohesive cosmological structures.

5.10.2. Multiverse Framework

e Independent Universes: The network can spawn subgraphs representing inde-
pendent universes within a multiverse, each with its own set of emergent physical
laws based on localized interactions.

e Operational Integration: Separate causal sets and entropy-driven transitions
within subgraphs ensure that each universe operates under distinct emergent prin-
ciples, supporting multiverse diversity.
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6. Proofs of Universality and Emergent Properties

6.1. Turing Completeness

6.1.1. Definition

A system is Turing complete if it can simulate any Turing machine, thereby performing
any computation that a Turing machine can.

6.1.2. Transiad Model’s Turing Completeness

e Simulation of Turing Machines:

— s-units as States: Each state of a Turing machine corresponds to an s-unit’s
quantum state.

— t-units as Transitions: Transitions between Turing machine states are mod-
eled by t-units mapping input s-units to output s-units based on the machine’s
rules.

e Operational Mapping:

— Tape Representation: Additional s-units represent the Turing machine’s
tape symbols, allowing for read /write operations via t-unit transitions.

— Head Movements: Movement of the Turing machine’s head is simulated
through state transitions facilitated by t-units.

e Proof of Universality:

— By configuring s-units and t-units to represent the states and transitions of
any arbitrary Turing machine, the Transiad Model can perform equivalent
computations, thereby establishing its Turing completeness. The ability to
encode and execute any algorithmic process within the network’s dynamics
confirms its computational universality.

6.2. Support for Non-Computable Graphs

6.2.1. Definition

Non-computable graphs are graph structures that cannot be fully captured or gener-
ated by any algorithmic process.

6.2.2. Transiad Model’s Support

e Flexible Transition Mappings:

— The generalized nature of t-units allows for the representation of arbitrary
and complex relationships between s-units, including those that defy algo-
rithmic description.

e Adaptive Transformations:

— The self-modifying capability of s-units enables the network to evolve in ways
that transcend traditional computational boundaries, accommodating non-
computable structures and interactions.
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6.2.3. Implications

e This flexibility ensures that the Transiad Model can represent a broader spectrum of
informational and physical phenomena, including those that lie beyond the scope of
classical computation. By allowing t-units to define mappings without algorithmic
constraints, the model inherently supports the formation of non-computable graphs,
enhancing its universality.

6.3. Emergence of Physical Laws

6.3.1. Natural Emergence

e Through the adaptive transformations and interaction dynamics of s-units and t-
units, fundamental physical laws (e.g., conservation laws, symmetries) emerge or-
ganically without external imposition.

6.3.2. Symmetry Enforcement

e The network’s invariances under specific transformation rules lead to the sponta-
neous emergence of symmetries that underpin physical laws.

6.3.3. Example: Conservation Laws

e Energy Conservation: Ensured by the unitary nature of transformations, which
preserve the overall informational content and state amplitudes, reflecting the con-

servation of energy.
Te(UipU}) = Tr(p)

— This equation demonstrates that unitary transformations preserve the trace of
the density matrix, analogous to conserving energy in physical systems.

6.4. Emergent Supernodes and Global Structures

6.4.1. Dynamic Connectivity

e The formation of supernodes through mutual entanglement and entropy thresholds
leads to the emergence of highly connected clusters, acting as hubs for multi-
scale interactions.

6.4.2. Hierarchical Supernodes
e Supernodes of supernodes enable the formation of hierarchical global structures,
supporting complex, cohesive system behaviors across multiple scales.

6.4.3. Global Cohesion

e Spreading activation ensures that activations within supernodes propagate through
the network, facilitating coordinated global behaviors and the emergence of large-
scale structures.
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6.4.4. Proof of Emergent Global Structures

e By defining entropy thresholds and interaction rules that favor the formation of
supernodes, the model inherently organizes s-units into highly interconnected clus-
ters. The recursive formation of supernodes of supernodes allows for the hierarchical
structuring of the network, enabling the emergence of global, cohesive systems. The
cascading effect of spreading activation ensures that local interactions influence dis-
tant parts of the network, fostering synchronized and organized global behaviors.
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7. Conclusion

The Transiad Model stands as a robust, elegant, and parsimonious framework
poised to serve as an optimal universal substrate for the emergence of a vast ar-
ray of physical and informational phenomena. By merging s-units and functions into
unified entities that encapsulate both states and transformative functions, and by uti-
lizing generalized t-units for all forms of interactions, the model achieves a harmonious
balance between simplicity and functional depth.

The integration of information entropy as a dual driver and the establishment of
causal sets for emergent time further enhance the model’s capacity to naturally generate
complex structures and behaviors. The inclusion of observation, objective reduction,
and spreading activation mechanisms ensures that the model can handle measurement
processes, spontaneous state collapses, and dynamic information dissemination, respec-
tively.

These design choices ensure that the Transiad Model not only remains minimalistic
and elegant but also retains the capacity to naturally give rise to fundamental aspects
of quantum mechanics, relativity, gauge symmetries, the Standard Model, and higher-
level complex systems. The model’s ability to support Turing completeness and non-
computable graphs underscores its universality, making it a promising candidate for
unifying diverse aspects of physics, information theory, and complex systems within a
single, elegant theoretical construct.

Through its adaptive transformation mechanisms, causal set-based tempo-
ral ordering, and emergent supernodes, the Transiad Model fosters an environment
where emergent behaviors and universal phenomena develop organically, aligning
with the principles of self-organization and complex systems theory. This compre-
hensive framework positions the Transiad Model as a pivotal theoretical foundation for
understanding and modeling the intricate tapestry of the universe’s physical and infor-
mational fabric.
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8. Glossary

s-units (States and Functions):
Fundamental quantum entities within the Transiad Model, characterized by wave
functions capable of superposition and entanglement, and equipped with unitary
operators for state transformation.

t-units (Transitions):
Represent potential quantum operations or transitions, including generalized hyperedge-
like multi-way interactions that map between sets of s-units.

Information Entropy:
Measures of uncertainty or information content (Shannon and von Neumann en-
tropy) that drive state transitions and guide the adaptive behavior of s-units.

Von Neumann Entropy:
A quantum analog of Shannon entropy, measuring the entropy of a quantum state
represented by a density matrix.

Causal Set:
A collection of causal relationships defining the temporal ordering of events within
the network, enabling the emergence of time.

Unitary Operator:
A fundamental operator in quantum mechanics that describes the reversible evolu-
tion of a quantum state.

Quantum Measurement Protocol:
Defined rules governing how and when a quantum state collapses into a definite
state upon observation.

Objective Reduction:
A mechanism by which quantum superpositions irreducibly collapse to definite
states, driven by intrinsic properties of the system rather than external observa-
tion.

Spreading Activation:
The propagation of state changes and information through the network, allowing
localized interactions to influence distant parts dynamically.

Supernode:
A highly connected cluster of s-units emerging from mutual entanglements and
entropy thresholds, acting as hubs for multi-scale interactions and global structures.

Thermodynamics:
The branch of physics concerned with heat, work, temperature, and the statisti-
cal behaviors of systems, modeled through entropy dynamics within the Transiad
Model.

Infodynamics:
The study of information flow and processing within the network, governed by
adaptive transformations and entropy management.



