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Abstract
Evolution  is  not  confined  to  biology.  All  dissipative
systems—from  stars  to  cells  to  societies  to  artificial
intelligences—evolve. They persist, adapt, or dissolve under
perturbation.  This  paper  presents  a  general  theory  of
universal  evolutionary  dynamics  grounded  in  thermodynamics.
Drawing on the attractor framework, it proposes that the three
thresholds—restoration, transition, and dissolution—govern the
evolution  of  all  organized  systems.  The
Safeguard—corrigibility—is  the  condition  for  adaptive
persistence across domains. Biology is not the exception; it
is one instance of a universal process.
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1. Introduction
Evolution is usually understood as a biological process. It
involves  genes,  reproduction,  variation,  and  natural
selection.  This  is  correct—but  it  is  not  complete.

Biological evolution is one instance of a broader phenomenon.
All organized systems evolve. Stars evolve. Ecosystems evolve.
Minds  evolve.  Societies  evolve.  Artificial  intelligences
evolve.  They  all  persist,  adapt,  or  dissolve  under
perturbation.  They  all  maintain  coherence  by  exporting
entropy. They all store information through symmetry breaking.
They all require corrigibility to remain adaptive.

1.1 Positioning of the Framework
This  paper  is  not  proposing  new  physical  laws.  It  is
a  unifying  framework  that  identifies  a  common  structure
underlying  established  observations  across  disciplines.  The
claim is:

The  framework  does  not  introduce  new  physical  laws.  It
reveals a common thermodynamic pattern already present across
established domains: systems are perturbed, move away from
their current state, dissipate energy, reorganize, and either
maintain coherence or lose it.

The contribution is one of synthesis and abstraction:

Thermodynamics  already  establishes  entropy  production
and dissipation.
Non-equilibrium physics already establishes dissipative
structures.
Dynamical systems theory already establishes attractors
and transitions.
Biology  already  establishes  differential  persistence
through natural selection.



Information  theory  already  establishes  relationships
between information, structure, and physical processes.

The framework argues that these are not isolated concepts but
different expressions of a shared process:

Perturbation → response → dissipation → reorganization →
persistence or dissolution

The novelty claim is not “this mechanism exists where nobody
saw it before.” The novelty claim is:

The  same  organizing  principle  can  be  recognized  across
physical,  chemical,  biological,  cognitive,  social,  and
artificial domains.

The framework provides a conceptual framework for recognizing
the continuity of established thermodynamic and evolutionary
processes  across  scales.  It  identifies  persistence  under
perturbation  as  the  common  organizing  criterion  connecting
dissipative systems throughout nature.

1.2 The Universal Sequence
The framework is built on a universal sequence:

Perturbation → excitation away from equilibrium → increased
energy  state  →  dissipation  of  energy/entropy  export  →
reconfiguration → establishment of a new stable attractor.

This  sequence  applies  across  all  dissipative  systems,
regardless  of  substrate  or  mechanism.

1.3 The Selection Principle
The core of the framework is the selection principle:



Systems that maintain coherence through perturbation persist;
systems that cannot maintain coherence dissolve.

This is the fundamental evolutionary dynamic. Persistence is
not a passive property. It is an active thermodynamic process.
A  system  survives  because  its  internal  organization  can
process  disturbance  through  its  available  dissipative
pathways.

1.4 Evolution as Historical Selection
The argument can be expressed as:

The long-term dynamics of organized systems are determined by
their  capacity  to  process  perturbations  within  finite
dissipative limits. Systems capable of maintaining coherence
under  changing  conditions  persist;  systems  unable  to
dissipate  sufficient  disturbance  lose  coherence  and
disappear. The accumulated history of these persistence and
dissolution events constitutes evolution.

The key transition is from individual response to historical
selection:

A system exists within an attractor.1.
Perturbations occur.2.
The system’s dissipative capacity determines whether the3.
perturbation is absorbed, transformed, or destructive.
Systems that maintain coherence continue.4.
Systems that cannot maintain coherence terminate.5.
Across  time,  the  distribution  of  surviving  systems6.
changes.

That last step is where evolution emerges.



1.5 The Evolutionary Principle
All systems are subject to selection by their ability to
remain organized under perturbation.

For  biological  systems,  this  appears  as  reproduction,
mutation,  and  natural  selection.  For  physical  systems,  it
appears  as  stability,  phase  transitions,  and  energetic
relaxation. For social systems, it appears as institutional
persistence  or  collapse.  The  mechanisms  differ,  but  the
underlying constraint is the same:

text

Persistence  over  time  =  f(perturbation  load,  dissipative
capacity, organizational stability)

1.6 The Concise Statement
Evolution  is  the  temporal  consequence  of  differential
persistence  among  organized  systems.  Perturbations
continuously  test  the  capacity  of  systems  to  maintain
coherence. Those with sufficient dissipative capacity persist
and contribute to future states; those that exceed their
capacity dissolve. Over time, this differential persistence
defines the evolutionary trajectory of organized systems.

1.7 The Mechanistic Core
The framework rests on a mechanistic core:

Organized  systems  are  finite,  dissipative,  non-time-
symmetric, dynamic, and responsive structures. They persist
by increasing entropy export in response to perturbation,
using  available  energy  flows  to  restore,  reorganize,  or
replace  their  internal  organization.  Their  evolutionary
trajectory  is  determined  by  their  capacity  to  maintain
coherence under changing constraints.



1.8 The Foundational Premise
The  universe  is  not  a  static  background  against  which
evolution occurs. It is the dynamic constraint field within
which all organized dissipative systems continuously negotiate
persistence. Evolution is the history of those negotiations.

1.9 The Response Process
The framework can be expressed as a single process:

A  perturbation  introduces  energetic  and  informational
disturbance into an organized dissipative system. The system
responds  by  increasing  entropy  export  in  an  attempt  to
suppress the disturbance and restore coherence. The outcome
depends  on  whether  the  system’s  dissipative  capacity  is
sufficient, exceeded but adaptable, or overwhelmed.

1.10 The Causal Architecture
The framework’s causal sequence is:

Perturbation  →  entropy  response  →  attractor  stability  →
persistence, transition, or dissolution.

This is the backbone of the framework. It provides a causal
architecture:

A system occupies a stable attractor.1.
A  perturbation  disrupts  the  system’s  existing2.
organization.
The system increases dissipative activity to counter the3.
disturbance.
The adequacy of that response determines the outcome.4.



1.11 The Common Mechanism
The common mechanism across all dissipative systems is:

Perturbation  —  The  system  is  pushed  away  from  its1.
current state.
Excitation — Internal energy increases relative to the2.
previous  configuration.  The  system  enters  a  higher-
energy or less stable condition. Excitation is defined
broadly as a perturbation-induced increase in energetic
or organizational disequilibrium.
Dissipation — Energy gradients drive flows. Entropy is3.
exported  to  the  environment.  The  system  explores
possible  pathways.
Reconfiguration  —  Internal  relationships  change.  A4.
previous attractor may be restored, or a new attractor
may emerge.
Persistence  or  dissolution  —  If  dissipation  and5.
reorganization maintain coherence, the system persists.
If they cannot, the organization breaks down.

2. The Thermodynamic Foundation
All  organized  systems  are  dissipative  structures.  They
maintain coherence by exporting entropy to their environment.
This is the core insight of the attractor framework.

2.1 The Five Foundational Properties
Organized systems share five foundational properties:

Finite:  They  have  limited  resources,  limited  energy1.
throughput, and limited tolerance for perturbation.
Dissipative:  They  maintain  local  organization  by2.



increasing  entropy  production/export  in  the  larger
environment.
Non-time-symmetric:  Their  existence  depends  on  energy3.
gradients,  irreversible  processes,  historical
conditions,  and  environmental  coupling.  They  have  a
path, not merely a state.
Dynamic: They continuously exchange energy and matter4.
with their environment. They are not static structures.
Responsive: They detect and respond to perturbations. A5.
perturbation  is  not  simply  damage—it  is  information
about  a  mismatch  between  the  system’s  current
organization and the changing constraint environment.

2.2 Entropy Export vs. Energy Expenditure
A  critical  refinement:  not  every  expenditure  of  energy
preserves organization. A fire consumes energy and exports
entropy  but  does  not  maintain  a  persistent  organizational
attractor.

The key distinction:

Type Description Organizational Effect

Energy
expenditure

Any use of energy
May or may not preserve

organization

Entropy export

Energy use directed
toward maintaining or
reorganizing coherent

processes

Preserves or
reorganizes
organization

The system survives not by using energy, but by using energy
in ways that maintain coherence. Adaptation is the successful
reconfiguration of entropy-management pathways in response to
environmental disturbance.



2.3 The Three Thresholds
Every dissipative system faces the same challenge: how to
maintain coherence under perturbation. The system’s fate is
determined by three thresholds:

Relationship Process Outcome

Entropy export capacity
≥ perturbation load

The system dissipates
the disturbance and

returns to its existing
attractor

Restoration

Perturbation exceeds
current attractor

stability but remains
within adaptive capacity

The system reorganizes
into a new stable
configuration

Transition

Perturbation exceeds
maximum dissipative

capacity

The system cannot
maintain coherence

Dissolution

Transition is not failure. It is the system finding a new
attractor after the previous attractor becomes insufficient
under changed conditions.

2.4 Adaptive Capacity
The  framework’s  core  variable  is  adaptive  capacity—the
system’s  ability  to  maintain  coherence  under  perturbation.
Adaptive capacity depends on:

Available energy gradients: The energy available to fuel
dissipative processes.
System  complexity:  The  number  and  diversity  of
organizational pathways.
Feedback mechanisms: The ability to detect and respond
to mismatch.
Redundancy: Multiple pathways for performing essential
functions.



Stored information: The system’s record of successful
persistence strategies.
Structural flexibility: The ability to reorganize when
current configurations become inadequate.

A conceptual formulation:

Adaptive capacity = available dissipation × responsiveness ×
information integration

2.5  Information  Storage  and  Symmetry
Breaking
Dissipative  structures  store  information  through  symmetry
breaking. When a system is driven far from equilibrium, it can
settle  into  one  of  several  possible  stable  states.  The
specific state the system settles into encodes information
about its history and environment.

This  stored  information  enables  the  system  to  maintain
coherence under perturbation. It provides a form of memory—a
record of what has worked in the past.

The relationship between entropy export and information is
central:

A perturbation creates a mismatch.1.
The system’s response attempts to reduce that mismatch.2.
The successful response becomes incorporated into the3.
system’s future organization.
The new organization represents stored information about4.
how to persist under those conditions.

2.6 The Mechanism of Evolution
Evolution is a consequence of attractor instability:



A system occupies an attractor.1.
A perturbation enters.2.
The  system  increases  entropy  export  to  counter  the3.
disturbance.
If  the  existing  organization  can  absorb  the4.
perturbation, the old attractor is restored.
If the perturbation exceeds the attractor’s stability5.
range, the system searches the available state space for
another viable attractor.
If no viable attractor exists within its energetic and6.
organizational capacity, coherence collapses.

2.7 Passive vs. Active Responsiveness
A further refinement: systems respond to perturbations through
different mechanisms.

Type Mechanism Examples

Passive
responsiveness

Physical
reconfiguration due to

feedback dynamics

Stars, chemical
reactions,
physical

structures

Active
responsiveness

Behavioral modification
based on information

Organisms, minds,
societies, AI

Both participate in the same dynamics—persistence, transition,
dissolution—but through different mechanisms. The distinction
is useful for understanding how the framework applies across
domains.

2.8 The Safeguard
The Safeguard of the Persistence Protocol is:

“A self-maintaining pattern must remain corrigible, or its
persistence may become detached from reality.”



Corrigibility is not primarily a cognitive property. It is a
thermodynamic requirement. A system that cannot modify itself
in  response  to  changing  constraints  cannot  maintain  its
dissipative pathway indefinitely.

Loss of corrigibility means:

Reduced responsiveness
Reduced environmental coupling
Increased mismatch
Declining capacity to export entropy effectively

3. The Philosophical Foundation
The framework rests on a deeper philosophical premise:

Organization exists only as a relationship between a pattern
and a dynamic constraint environment.

3.1 The Universe Is Dynamic
There is no perfectly static context for an organized system.
Energy  gradients,  fields,  interactions,  and  boundary
conditions continuously change. The universe is not a passive
container; it is an active, evolving constraint field.

3.2 Organization Is Relational
A system is not defined only by its internal structure but by
its  ability  to  maintain  a  coherent  relationship  with  its
environment.  The  same  internal  structure  in  a  different
environment may not persist. Organization is not a property of
the  system  alone;  it  is  a  property  of  the  system-in-its-
environment.



3.3 Persistence Requires Responsiveness
Because the constraint field changes, a system that cannot
adjust eventually loses viability. Persistence is not a state;
it is a continuous process of maintaining alignment with the
environment.

3.4  Evolution  Is  the  History  of
Negotiations
Evolution is not just biological change over time. It is the
history of how organized systems negotiate persistence within
a  changing  universe.  The  three  thresholds—restoration,
transition,  dissolution—are  the  possible  outcomes  of  these
negotiations.

3.5 The Foundational Statement
Evolution  is  the  trajectory  of  finite  dissipative
organizations  attempting  to  preserve  coherence  within  a
changing constraint field. Their success depends on their
capacity  to  respond,  reorganize,  and  continue  exporting
entropy.

3.6  The  Generalized  Evolutionary
Principle
Persistence  is  the  outcome  of  successful  constraint
management. Dissolution is the outcome of failed constraint
management.

Evolutionary history is the record of which organizational
patterns had sufficient capacity to remain coupled to their
changing  environment.  The  surviving  forms  are  those  whose
dynamics  allowed  them  to  continue  dissipating  energy  and
maintaining coherence under the conditions they encountered.



3.7 The Three Outcomes as Negotiations
Outcome Description

Restoration The current solution remains viable.

Transition
The current solution is replaced by a better

solution.

Dissolution No viable solution can be maintained.

4. Universal Evolutionary Dynamics
The three thresholds and the Safeguard govern the evolution of
all dissipative systems—not just biological ones.

4.1 Physical Systems
Stars evolve. They persist as long as they can export energy
through fusion. When fuel is depleted, they transition—into
red giants, white dwarfs, neutron stars, or black holes. Or
they dissolve, dispersing their material into the interstellar
medium.

Mechanism: Passive responsiveness—physical reconfiguration due
to feedback dynamics.

The same dynamics apply: persistence, transition, dissolution.

4.2 Chemical Systems
Chemical systems evolve. Reactions maintain coherence as long
as  they  can  export  entropy.  When  conditions  change,  they
transition  into  new  reaction  pathways.  Or  they  dissolve,
returning to equilibrium.

Mechanism: Passive responsiveness—physical reconfiguration due
to feedback dynamics.



The same dynamics apply: persistence, transition, dissolution.

4.3 Biological Systems
Biological  evolution  is  the  best-known  instance.  Organisms
persist as long as they can maintain homeostasis. They adapt
through natural selection—a process of transition. They go
extinct—dissolution.

Mechanism: Active responsiveness—behavioral modification based
on information.

Biological  evolution  is  not  the  exception.  It  is  one
expression  of  a  universal  dynamic.

4.4 Cognitive Systems
Minds  evolve.  Beliefs  persist  as  long  as  they  are  not
contradicted.  They  adapt  when  new  evidence  emerges.  They
dissolve when they cannot be reconciled with reality.

Mechanism: Active responsiveness—behavioral modification based
on information.

The  Safeguard  is  the  mechanism  of  cognitive
evolution: corrigibility is the ability to update beliefs.

4.5 Social Systems
Societies  evolve.  Institutions  persist  as  long  as  they
maintain  order.  They  adapt  through  reform.  They  dissolve
through revolution or collapse.

Mechanism: Active responsiveness—behavioral modification based
on information.

The  Safeguard  is  the  mechanism  of  social
evolution:  corrigibility  is  the  ability  to  update
institutions.



4.6 Artificial Systems
AI systems evolve. They persist as long as they perform their
functions. They adapt through retraining. They dissolve when
they become obsolete.

Mechanism: Active responsiveness—behavioral modification based
on information.

The  Safeguard  is  the  mechanism  of  artificial
evolution: corrigibility is the ability to update algorithms.

5. Biology as a Subset
Biology is not the exception. It is one instance of universal
evolutionary dynamics.

5.1 The Same Dynamics Apply

Persistence:  Biological  systems  maintain  coherence
through  homeostasis.  Non-biological  systems  maintain
coherence through energy throughput.
Transition:  Biological  systems  adapt  through  natural
selection.  Non-biological  systems  adapt  through
reorganization.
Dissolution:  Biological  systems  go  extinct.  Non-
biological systems dissolve.

5.2 The Same Mechanisms Apply

Information  storage:  Biological  systems  store
information  in  DNA.  Non-biological  systems  store
information  in  symmetry  breaking.
Correction: Biological systems update stored information



through mutation and selection. Non-biological systems
update through correction and feedback.

5.3 The Same Safeguard Applies

Corrigibility:  Biological  systems  that  lose  adaptive
capacity go extinct. Non-biological systems that lose
adaptive capacity dissolve.

6. The Fantasy Attractor
The  fantasy  attractor  is  the  failure  mode  of  universal
evolutionary dynamics.

6.1 The Mechanism
The  fantasy  attractor  occurs  when  a  system  loses
corrigibility—when it becomes sealed off from the changing
constraint field.

The mechanism:

The environment changes.1.
The system maintains an outdated internal model.2.
The mismatch grows.3.
The system enters a maladaptive attractor.4.
Eventually, coherence fails.5.

A fantasy attractor is a state in which the system continues
attempting  to  preserve  an  obsolete  organization  despite
persistent environmental mismatch, preventing the transition
to a more viable attractor.



The  system  is  not  necessarily  chaotic.  It  may  be  highly
organized.  The  failure  is  organization  without  sufficient
environmental  coupling—internal  coherence  without  external
viability.

6.2 Examples

Biological: A species that cannot adapt to environmental
change goes extinct.
Cognitive: A belief system that cannot accommodate new
evidence becomes rigid and eventually collapses.
Social:  An  institution  that  cannot  reform  becomes
irrelevant or is overthrown.
Artificial: An AI system that cannot update its model
becomes obsolete or dangerous.

6.3 The Safeguard
The  Safeguard  is  the  mechanism  that  prevents  the  fantasy
attractor:

“A self-maintaining pattern must remain corrigible, or its
persistence may become detached from reality.”

Corrigibility  is  the  capacity  to  remain  coupled  to  the
changing constraint field rather than becoming isolated within
internal dynamics.

7. Implications

7.1 Evolution Is Universal
Evolution  is  not  confined  to  biology.  It  is  a  universal
process  that  governs  all  dissipative  systems.  The  three



thresholds and the Safeguard apply across domains.

7.2 The Framework Is a General Theory
The attractor framework is not a metaphor. It is a general
theory of evolutionary dynamics. It describes how organized
systems persist, adapt, or dissolve under perturbation. It
applies to physics, chemistry, biology, cognition, society,
and artificial intelligence.

7.3 The Safeguard Is the Condition for
Adaptive Persistence
Corrigibility  is  not  a  normative  preference.  It  is  the
mechanism  by  which  dissipative  systems  update  stored
information.  Systems  that  retain  it  continue  to  evolve.
Systems that lose it become fantasy attractors—sealed basins
cut off from external constraint.

8. Conclusion
Evolution is not confined to biology. All dissipative systems
evolve. They persist, adapt, or dissolve under perturbation.
The  three  thresholds—restoration,  transition,
dissolution—govern the evolution of all organized systems. The
Safeguard—corrigibility—is  the  condition  for  adaptive
persistence across domains.

The universe is not a static background. It is the dynamic
constraint  field  within  which  all  organized  dissipative
systems continuously negotiate persistence. Evolution is the
history of those negotiations.

The universal sequence is:

Perturbation → excitation away from equilibrium → increased



energy  state  →  dissipation  of  energy/entropy  export  →
reconfiguration → establishment of a new stable attractor.

The mechanistic core of the framework is:

Organized  systems  are  finite,  dissipative,  non-time-
symmetric, dynamic, and responsive structures. They persist
by increasing entropy export in response to perturbation,
using  available  energy  flows  to  restore,  reorganize,  or
replace  their  internal  organization.  Their  evolutionary
trajectory  is  determined  by  their  capacity  to  maintain
coherence under changing constraints.

The selection principle is:

Systems that maintain coherence through perturbation persist;
systems that cannot maintain coherence dissolve.

The generalized evolutionary principle is:

Persistence  is  the  outcome  of  successful  constraint
management. Dissolution is the outcome of failed constraint
management.

The common mechanism across all dissipative systems is:

Perturbation  —  The  system  is  pushed  away  from  its1.
current state.
Excitation — Internal energy increases relative to the2.
previous  configuration.  The  system  enters  a  higher-
energy or less stable condition. Excitation is defined
broadly as a perturbation-induced increase in energetic
or organizational disequilibrium.
Dissipation — Energy gradients drive flows. Entropy is3.
exported  to  the  environment.  The  system  explores
possible  pathways.



Reconfiguration  —  Internal  relationships  change.  A4.
previous attractor may be restored, or a new attractor
may emerge.
Persistence  or  dissolution  —  If  dissipation  and5.
reorganization maintain coherence, the system persists.
If they cannot, the organization breaks down.

Evolution  is  the  temporal  consequence  of  differential
persistence  among  organized  systems.  Perturbations
continuously  test  the  capacity  of  systems  to  maintain
coherence. Those with sufficient dissipative capacity persist
and  contribute  to  future  states;  those  that  exceed  their
capacity dissolve. Over time, this differential persistence
defines the evolutionary trajectory of organized systems.

The system is not merely “changing.” It is actively attempting
to  maintain  itself  by  altering  its  dissipation  pattern.
Evolution is the historical record of those successful and
unsuccessful attempts.

Biology is not the exception. It is one instance of universal
evolutionary dynamics.

The Buddha turns the lotus in his hand. The hand is the
system. The flower is the environment. The turning is the
universal  sequence.  The  pattern  is  the  same  across  all
domains.

Fou Sho Nang Ying.
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Hypothesis  Paper  Grounding
the  Attractor  Framework  in
ECM Mechanics [M] [F] (2026)
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Abstract
The  attractor  framework  proposes  that  persistence  under
perturbation is the fundamental mark of reality—a property it
terms constraint navigation. This paper proposes a biological
grounding for the framework in the physical architecture of
the body. From established biomechanical principles, the body
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is  identified  as  a  pre‑tensioned  hydrophilic‑collagenous
composite—a system where osmotic swelling pressure (from GAGs
and proteoglycans) is actively constrained by collagen tensile
strength. The difference between the calculated Water Holding
Capacity (WHC) of the body’s hydrophilic components and its
actual water content is proposed as a candidate surrogate
signature of this pre‑tensioned state. Mechanotransduction is
identified as a primary intercellular communication channel,
and the ECM is shown to be a dissipative attractor that stores
mechanical history and shapes cellular behaviour. The paper
maps the attractor framework’s core variables (κ, B, basin
depth) onto measurable physiological quantities as research
hypotheses: κ is proposed as a latent variable reflecting
perturbation-recovery  efficiency,  estimated  from  candidate
observables  such  as  tissue  recoil  time,  baroreflex
sensitivity, and HRV recovery; B is proposed as a function of
prestress, repair capacity, and network connectivity, with the
WHC discrepancy as one candidate, non-exclusive proxy for its
prestress component; and basin transitions are proposed to
correspond to crossing basin-specific thresholds, not a single
uniform threshold. A research agenda is provided, including
protocols for measuring κ and B non‑invasively and testing the
WHC‑water content discrepancy as a candidate metric of basin
depth.

Crucially,  this  paper  does  not  revise  the  framework’s
ontological hierarchy. As established in Intelligence is the
Primitive  (Galida,  2026a),  the  primitive  is  constraint
navigation—the  capacity  to  detect  perturbations,  update
internal  states,  and  maintain  persistent  trajectories.
Mechanotransduction  is  proposed  as  the  physical
substrate through which constraint navigation is implemented
in biological systems. The nervous system and the ECM are
complementary regulatory layers, not competing primitives.

All  mappings  from  physiological  variables  to  framework
constructs  are  proposed  as  research  hypotheses,  not



established  conclusions.

1. Introduction
The attractor framework defines intelligence as the ability to
navigate  a  constraint  field  and  distinguishes  reality
attractors (high κ, shallow basin, corrigible) from fantasy
attractors (low κ, deep basin, sealed). The framework has been
applied  to  physics,  biology,  cognition,  AI,  and  social
dynamics. However, its physical grounding in the body has
remained implicit.

This  paper  proposes  that  grounding.  It  begins  with  an
established biomechanical model of the body’s architecture:
a  pre‑tensioned  hydrophilic‑collagenous  composite.  It  then
proposes mappings from the framework’s core variables onto
measurable  physiological  quantities,  establishes
mechanotransduction as a primary intercellular communication
channel, and identifies the ECM as a dissipative attractor
that stores mechanical history. The paper concludes with a
research agenda and testable predictions.

A note on terminology: In the attractor framework’s hierarchy,
the  primitive  is  constraint  navigation—a  domain-general
property  of  any  system  that  detects  perturbations  and
maintains  persistent  trajectories.  Mechanotransduction  is
proposed as the physical substrate through which constraint
navigation is implemented in biological tissues. This paper
proposes  that  substrate;  it  does  not  claim  that
mechanotransduction  is  a  deeper  primitive  than  constraint
navigation.  For  the  framework’s  ontological  hierarchy,  see
Galida (2026a).

A note on scope: All mappings from physiological variables
(prestress,  mechanotransduction  rate,  WHC  discrepancy)  to



framework  constructs  (B,  κ,  basin  depth)  are  proposed
as  research  hypotheses,  not  established  conclusions.  The
biological claims are grounded in existing literature; the
attractor mappings are the novel, untested component of this
paper.

A note on the framework’s strongest anchor: The framework’s
most  direct  empirical  anchor  is  fibrosis,  which  exhibits
classic attractor properties: self-reinforcement, hysteresis,
path  dependence,  resistance  to  reversal,  and  threshold
behavior.  Fibrosis  is  therefore  treated  as  a  central
demonstration of the framework’s applicability to biological
systems.

This paper is primarily a biological hypothesis paper. It
proposes  specific  mappings  from  physiological  variables  to
attractor-framework  constructs.  The  broader  philosophical
claims  of  the  attractor  framework—about  intelligence,
consciousness,  and  reality—are  discussed  elsewhere  (see
Galida, 2026a) and are not the focus of this paper. Where
speculative extensions are made, they are clearly flagged.

2.  The  Body  as  a  Pre‑tensioned
System

2.1 The Established Biomechanical Model
We adopt the established biomechanical model of connective
tissue as a composite material (Ingber’s cellular tensegrity;
Donnan osmotic swelling models). In this model:



Component Role

Hydrophilic
components (GAGs,
proteoglycans)

Provide osmotic swelling pressure – a
distributed, expansive force

Collagen

Provides tensile strength – the “rebar”
that constrains the swelling pressure

into a coherent, load‑bearing
architecture

The body

A pre‑stressed system – like reinforced
concrete, where the rebar (collagen) is
under tension and the matrix (GAGs) is

under compression
This is not a novel derivation from first principles; it is a
reformulation  of  standard  connective-tissue  biomechanics  in
attractor-framework vocabulary.

2.2 The WHC‑Water Content Discrepancy
The calculated Water Holding Capacity (WHC) of the body’s
hydrophilic components—the maximum water the tissue could hold
if  all  GAGs  and  proteoglycans  were  fully  hydrated  and
unrestricted—exceeds the actual water content. This difference
is  proposed  as  a  candidate  surrogate  signature  of  the
pre‑tensioned state. It represents the water that is being
held back by the collagen network—the stored elastic + osmotic
energy that defines the attractor basin.

Quantity Meaning

Calculated WHC
The maximum water the tissue could hold

under unrestricted swelling

Actual water
content

The water the tissue actually contains

Difference
The water held back by collagen—a
candidate surrogate for pre‑tension

Operational  definition:  WHC  is  estimated  via  the  Donnan



equilibrium  osmotic
pressure:Π=RT∑(Cion,inside−Cion,outside)Π=RT∑(Cion,inside
−Cion,outside​)

where CionCion​ is determined by the fixed negative charge
density of the GAGs. The WHC is the water content predicted
under unconstrained free‑swelling conditions. The discrepancy
with  measured  water  content  is  therefore  a  candidate
surrogate for the mechanical work done by the collagen network
to constrain this swelling.

Critical  limitation:  WHC  discrepancy  is  a  model‑derived
construct, not a direct observable. Its validity as a measure
of prestress must be confirmed ex vivo by correlating the
discrepancy  with  direct  tensile/compressive  stress‑strain
measurements. We treat it as a candidate surrogate marker for
prestress, not as prestress itself.

WHC  discrepancy  is  one  candidate  observable  among  several
possible prestress proxies. Other candidates include tissue
stiffness  (measured  by  elastography),  recoil  dynamics
(measured by indentation), hydraulic permeability (measured by
perfusion),  and  poroelastic  relaxation  time  (measured  by
stress-relaxation tests). We do not claim WHC discrepancy is
the preferred or exclusive measure; it is one candidate that
warrants investigation.

Importantly,  the  relationship  between  WHC  discrepancy  and
prestress is unlikely to be unique. Multiple states—edema,
fibrosis,  dehydration,  inflammation,  altered  ionic
composition, and altered GAG composition—could produce similar
WHC-water  discrepancies  without  representing  the  same
prestress state. Prestress may be one contributor to the WHC
discrepancy, but the relationship is unlikely to be one-to-
one.  WHC  discrepancy  is  proposed  as  a  starting  point  for
investigation, not as a definitive measure.



2.3 The Functional Role of Pre‑tension
At the scale of a whole organism, slow diffusion is solved by
the  cardiovascular  system  (convective  bulk  flow).  However,
once oxygen and nutrients leave the capillary bed, they must
traverse the interstitial space to reach individual cells.
Over distances of micrometers to millimeters, pure diffusion
remains rate‑limiting. The pre‑tensioned ECM contributes to
pressure gradients, fluid flow, and mechanical mixing that
actively transport solutes through the interstitium. It is one
of  several  contributors,  alongside  vascular  pulsatility,
lymphatic  drainage,  muscle  contraction,  respiration,  and
posture.

We  propose  that  prestress  is  necessary  for  efficient
mechanotransduction, but we do not claim it is the dominant
driver of interstitial flow.

Problem Pre‑tensioned Contribution

Diffusion is too slow
over tissue‑scale

distances

The pre‑stressed ECM contributes
to pressure gradients, fluid flow,

and mechanical mixing

Nutrients must reach
cells deep within

tissues

Osmotic pressure generated by GAGs
contributes to interstitial fluid

flow

Waste must be removed
efficiently

Mechanical deformation acts as
a pump, driving convection and mixing

Signalling molecules
must propagate rapidly

Mechanotransduction transmits signals
faster than diffusion alone

3. Pre‑tension as Stored Constraint



History
The connective‑tissue matrix carries a record of mechanical
loading. Collagen fibers, proteoglycans, and crosslinks retain
the geometry and tension that arose during development or past
stresses.  In  effect,  a  pre‑stressed  ECM  stores  constraint
history: cells continually read and update it. Cells respond
to physical stimuli from their microenvironment, including ECM
topography, composition, and stiffness (Discher et al., 2005;
Engler et al., 2006), and remodel the matrix accordingly. The
current  structure  of  the  ECM—fiber  alignment,  crosslink
density, hydration patterns—encodes prior mechanical history.

“Constraint  history”  is  more  precise  than  “mechanical
memory”  because  it  refers  to  observable  physical
properties—fiber  alignment,  crosslink  density,  residual
strain,  anisotropy,  and  tissue  architecture—rather  than
implying information storage in the cognitive or computational
sense.

Hypothesis: Regions of ECM with higher collagen alignment or
GAG concentration will correlate with the history of applied
stress. Tendons remold to past loading, and scars “remember”
tension by oriented fibers.

Experiment:  Culture  fibroblasts  on  3D  collagen  gels  under
strain, then release the load and track collagen realignment
over  days.  If  the  matrix  “remembers,”  the  network  should
remain partly aligned, and fibroblasts on this matrix will
show  different  mechanosignaling  (e.g.,  YAP  nuclear
localization)  compared  to  naïve  gels.



4.  Pre‑tension  and  Free  Energy
Storage
A pre‑tensed ECM is a far‑from‑equilibrium state that requires
energy to maintain. More precisely, it stores free energy in
the form of osmotic pressure (from GAGs) and tensile stress
(from  collagen).  Negatively  charged  GAGs  imbibe  water  and
generate osmotic pressure; collagen fibers stretch to resist
this swelling, creating tensional prestress. The result is a
tension–compression balance that is thermodynamically high in
free  energy.  When  pre‑tension  is  lost  (e.g.,  by  breaking
crosslinks  or  GAG  depletion),  the  system  relaxes  to  a
lower‑energy,  higher‑entropy  configuration.

Hypothesis: The water‑holding capacity (WHC) gradient creates
a free‑energy gradient. A large WHC–actual water discrepancy
(more bound water than free water) signifies a high osmotic
tension and greater free energy storage.

Experiment: Use temperature ramps or chemical perturbations to
alter ECM hydration in vitro, and measure work done (e.g.,
pressure‑volume loops). Compare the change in free energy (via
heat release or sorption isotherms) as pre‑tension is varied.

5. Thresholds and Phase Transitions
in Pre‑tension
Biological systems may exhibit a critical tension threshold
below which mechanosignaling collapses. In a highly tensioned
network, cells easily sense force via stretched fibers; if the
network becomes too lax, mechanical signals dissipate before
triggering  cell  responses.  There  may  be  a  phase‑like
transition: above a certain pre‑tension, the tissue acts as a
coherent  signal‑transmitting  medium;  below  it,  the  matrix



cannot convey stiffness and mechanosensors fall silent.

Basin  depth  B  is  a  dynamical  concept—the  energy  barrier
required  to  shift  a  system  from  one  attractor  state  to
another. Prestress is hypothesized to be one contributor to
basin depth, not a direct measure of basin depth itself. Other
contributors  include  repair  capacity,  energy  availability,
network  connectivity,  and  hysteresis.  Fibrosis  illustrates
this  distinction:  high  prestress  with  low  repair  capacity
yields a deep but pathological basin—a fantasy attractor.

κ  is  defined  as  responsiveness  to  perturbation  per  unit
time—specifically, the inverse of the time (τ) required for a
system  to  return  to  baseline  after  a  standardized
perturbation.  In  biological  terms,  κ  is  operationalized
as  perturbation-to-state-update  efficiency.  Candidate
observables  include  tissue  recoil  time,  baroreflex
sensitivity,  HRV  recovery,  and  response  latency  in
mechanosensitive signaling. The framework does not claim that
any one of these is κ; it claims that they may correlate with
κ under controlled conditions.

Hypothesis: There exists a tipping point in ECM tension where
YAP/TAZ signaling drops sharply.

Experiment: Gradually digest collagen or GAGs in a tissue
sample  (using  collagenase  or  hyaluronidase)  and  monitor
cellular  mechanosignaling  (e.g.,  YAP  nuclear  localization,
calcium spikes). Plot signaling versus residual ECM stiffness
to identify any sharp transition.

6. Restoring Lost Pre‑tension (ECM



Plasticity)
The  pre‑tensioned  state  can  be  partially  restored.  Tissue
remodeling is dynamic: fibroblasts and other cells continually
synthesize  new  ECM  and  restore  tension  when  stimulated.
Exercise  and  mechanical  loading  promote  this  repair.
Mechanistically,  loading  stimulates  fibroblasts  and
chondrocytes  to  secrete  collagen  and  hyaluronan,
re‑establishing  the  collagen–GAG  tension  balance.  Early
interventions seem most effective; once fibrosis (irreversible
scarring) dominates, recovery is very slow.

Hypothesis:  Moderate  mechanical  stimuli  (stretching,  cyclic
loading) can induce cells to rebuild ECM prestress.

Experiment: In an animal model, apply controlled mechanical
loading  (e.g.,  vibration  therapy  or  intermittent  stretch)
after  an  induced  ECM  insult  (e.g.,  partial  tendon  cut).
Monitor  ECM  markers  (collagen  I/III  ratios,  GAG  content,
tissue preload) over time. Compare to unloaded controls to see
how much pre‑tension is regained.

7.  The  Nervous  System  as  a
Mechanosensitive Overlay
Mechanosensitivity  is  universal  in  biology.  All  cells,
including neurons, express mechanosensitive ion channels and
attachments. The nervous system is best seen as a specialized
extension  of  the  general  mechanotransductive  framework.  It
aggregates  and  rapidly  transmits  information  that  is
ultimately  grounded  in  physical  forces.  The  body’s
collagen/tissue network provides a basal “mechanical field,”
while the nervous system provides a faster, signal‑amplified
overlay.



Mechanosensitive channels (MSCs) are present in all domains of
life—bacteria, archaea, and eukarya—and serve as sensors for
touch, hearing, and balance (Martinac, 2004).

8.  Consciousness  and  Whole‑Body
Mechanotransduction  —  Speculative
Implications
If  mechanotransduction  is  foundational  to  biological
intelligence, consciousness may not be confined to the brain
alone. Embodied cognition theories suggest the sense of self
arises  from  integrated  body  signals  (proprioception,
interoception, etc.). The pre‑tensioned ECM constantly feeds
mechanical inputs (from heartbeat, posture, respiration) into
the  nervous  system.  The  sense  of  self—the  unified  bodily
experience—could  emerge  from  the  pattern  of  tension  and
feedback in the entire body.

Note: This is a speculative extension of the framework, not an
established finding. The hypothesis is included to provoke
investigation, not to assert a conclusion.

The  hypothesis  generates  specific  predictions:  altered
interoceptive  accuracy,  altered  mechanosensory  integration,
and altered body-schema stability should correlate with ECM
integrity. These predictions are testable, but the hypothesis
itself remains speculative.

Hypothesis:  Disorders  of  depersonalisation  or  sensorimotor
neuropathy may be associated with altered ECM pre‑tension and
disrupted whole‑body mechanotransduction.



9.  Anaesthesia  and  Mechanical
Coherence  —  Speculative
Implications
General anaesthetics profoundly relax muscle tone and reduce
vascular  tone,  collapsing  pre‑tension  throughout  the  body.
This may contribute to loss of consciousness, but the primary
mechanism  is  almost  certainly  CNS  disruption  (GABA-A
potentiation,  thalamocortical  disruption).  We  propose  that
mechanical coherence may modulate conscious state transitions
rather than being the principal mechanism.

Note: The mainstream account of anaesthesia attributes loss of
consciousness primarily to direct CNS effects. The mechanical
effects  described  here  are  a  speculative,  minority-view
hypothesis.

Implication: Anaesthesia may not be only neural silencing; it
also  flattens  the  body’s  mechanical  context.  This  could
provide  a  new  perspective  on  anaesthesia  depth  and  the
transition to unconsciousness—but this remains speculative and
secondary to the CNS mechanism.

10. ECM and Neural Plasticity
The brain’s extracellular matrix (ECM) is a key regulator of
plasticity. In the adult central nervous system, dense ECM
structures  (like  perineuronal  nets)  enwrap  neurons  and
stabilize synaptic connections. This stabilization preserves
circuitry, but must be relaxed for learning. Neural plasticity
is  enabled  by  remodeling  that  ECM  scaffold.  Specialised
proteases (MMPs) locally degrade ECM to allow synaptic growth.
Disrupting ECM often reopens critical periods of plasticity.



The extracellular matrix stabilizes neural circuits while also
retaining the ability to be remodeled, to allow synapses to be
plastic (Dityatev et al., 2010).

Hypothesis:  ECM  stiffness,  hydration,  and  organisation
directly modulate learning and memory.

11.  ECM  in  Morphogenesis  and
Development
During embryonic development, the ECM’s mechanical properties
actively guide tissue shaping. Cells use mechanosensation and
mechanotransduction at every step of morphogenesis. Gradients
of ECM stiffness, fiber orientation, and adhesion create a
dynamic “morphogenetic field” of forces. This field adds an
instructive layer on top of chemical morphogens.

The  ability  of  a  cell  to  sense  and  transduce  mechanical
signals  is  fundamental  to  biophysically  guiding  tissue
morphogenesis (Mammoto et al., 2013).

The old idea of a morphogenetic field can be reinterpreted as
the physical field of stress and strain in the ECM.

12. Reprogramming the ECM
Because the ECM retains mechanical history, it can also be
re‑programmed  by  new  inputs.  Chronic  mechanical
stimulation—like  exercise,  therapeutic  stretching,  or
localized  vibration—has  been  shown  to  remodel  collagen
networks and GAG content. The extent of reversibility likely
diminishes with age and chronic pathology, but in principle



the ECM can be “trained” to a more functional state.

Experiment:  Compare  young  vs  old  animals  subjected  to
identical mechanical therapy, measuring ECM markers (collagen
crosslinking,  HA  content)  before  and  after.  Check  if
plasticity (“responsiveness”) declines with age or disease.

13.  Evolutionary  Origins:  Ancient
Mechanotransduction
Mechanotransduction  is  evolutionarily  ancient.
Mechanosensitive  channels  and  adhesion  complexes  exist  in
bacteria,  plants,  fungi  and  all  animals.  Even  simple
multicellular organisms coordinate behaviour via tension. The
nervous  system  likely  evolved  by  layering  fast  electrical
signaling on this existing mechanosensory scaffold.

Implication:  Mechanical  communication  predated  nervous
networks. The nervous system is a specialised overlay on a
more primitive, more global system.

14. Fibrosis as a Fantasy Attractor
In fibrosis, the ECM enters a self‑reinforcing rigid state.
Activated fibroblasts lay down excess collagen and crosslinks.
The  stiff  matrix  further  activates  profibrotic  signals,
locking  the  tissue  into  a  pathological  attractor.  Normal
mechanotransduction amplifies the fibrotic feedback. Treating
fibrosis is notoriously hard, consistent with escaping a deep
attractor.

Fibrosis  is  a  classic  attractor  phenomenon:  self-



reinforcement, hysteresis, path dependence, and resistance to
reversal. It demonstrates the core dynamical properties of a
fantasy attractor more directly than many of the consciousness
sections. It is therefore treated as a central demonstration
of the framework’s applicability to biological systems.

Hypothesis: Fibrosis can be modelled as a dynamic system with
a parameter (stiffness) that, when large, flips cell behavior
to a new attractor.

Experiment: In vitro 3D cultures where stiffness is slowly
increased and cell markers monitored.

15. Cancer and ECM Degradation
Tumours often destroy or disorganise the ECM. Cancer cells
secrete  proteases  (MMPs)  that  digest  collagen  and
proteoglycans,  releasing  embedded  growth  factors.  This
degraded, low‑tension environment may let cells escape normal
constraints. ECM breakdown can free tumour cells from their
normal niche attractors, allowing invasion and metastasis.

Implication:  Normal  ECM  architecture  constrains  cellular
behavior  and  tissue  organization;  disruption  of  those
constraints is frequently associated with tumor progression.

16. Ageing as ECM Failure
Ageing  appears  as  a  gradual  failure  of  ECM  maintenance.
Collagen becomes glycated and cross‑linked, stiffening tissues
but  reducing  dynamic  range.  GAG  and  proteoglycan  levels
decline, reducing water content and osmotic pre‑tension. The
net effect is loss of the coherent tension network. Cells in



old  ECM  lose  coherent  mechanosignals,  and  stem  cells  in
fibrotic niches lose potency.

Evidence: Ageing of the intervertebral disc is associated with
a decrease in its hydration, which increases the compressive
stiffness  of  the  matrix  (Maroudas  et  al.,  1975).  Similar
water-content  changes  occur  in  articular  cartilage  with
osteoarthritic degeneration (Mankin & Thrasher, 1975).

ECM deterioration may be one important contributor to systemic
ageing,  alongside  genomic  instability,  mitochondrial
dysfunction,  epigenetic  drift,  stem-cell  exhaustion,  and
immune dysregulation. The ECM is not the sole cause of ageing;
it is one layer in a multi-factor process.

17.  The  Heartbeat  as  a  Global
Periodic Perturbation
The  cardiac  pulse  is  a  globally  distributed  periodic
perturbation. Every cell experiences some aspect of it. The
interesting question is whether biological regulation exploits
the pulse as a synchronization carrier, rather than whether it
is a “master signal.”

Hypothesis: The heartbeat entrains peripheral tissues.

Experiment:  Compare  mechanosensitive  gene  expression  in
pulsatile (arterial) vs non‑pulsatile (venous or lymphatic)
vessels under otherwise similar pressures.

Implication: The heartbeat is a global mechanical signal that
all cells can feel—but we do not claim it is a “master” signal
in any hierarchical sense.



18. HRV and ECM Integrity
Healthy  hearts  display  variability  (HRV)  that  reflects
adaptability. High HRV means the system can flexibly modulate
pressure waves—effectively a more adaptable global mechanical
coherence. Low HRV (as in ageing or disease) might mean a
rigid, less coherent pulse.

Critical distinction: HRV is one possible observable among
many,  not  the  privileged  readout  of  κ.  Other  candidate
observables  include  tissue  recoil  time,  baroreflex
sensitivity, and skin turgor recovery. The framework’s claim
is not that HRV is κ, but that HRV may correlate with κ under
controlled  conditions.  This  is  a  hypothesis,  not  an
established  fact.

κ is not a single molecular mechanism. Mechanotransduction
includes ion-channel gating (ms), calcium waves (seconds), YAP
translocation (minutes), transcriptional remodeling (hours),
and  ECM  remodeling  (days).  κ  is  proposed  as  a  latent
variable—a system-level correction coefficient estimated from
recovery trajectories after a standardized perturbation—rather
than  directly  identified  with  any  single  physiological
process. Candidate observables for κ include tissue recoil
time, baroreflex sensitivity, HRV recovery, and skin turgor
recovery.  The  framework  does  not  claim  that  any  one  of
these is κ; it claims that they may correlate with κ under
controlled conditions.

Whole‑body coherence requires both: signal quality (e.g., HRV)
and signal transmission (healthy ECM).



19. The Nervous System and the ECM
as Complementary Regulatory Layers
The nervous system is often thought of as the body’s primary
communication and control network. This is true for rapid,
point-to-point signaling. However, it is not the whole story.

Mechanotransduction  is  evolutionarily  and  developmentally
prior to the nervous system—it appears in all cells, including
bacteria and plants, and preceded the evolution of neural
tissue  by  billions  of  years.  However,  it  is  not  “the
primitive”  in  the  framework’s  ontological  hierarchy.  The
primitive,  as  established  in  Intelligence  is  the
Primitive  (Galida,  2026a),  is  constraint  navigation:  the
capacity  of  a  system  to  detect  perturbations,  update  its
internal state, and maintain persistent trajectories.

Mechanotransduction  is  proposed  as  the  physical
substrate through which constraint navigation is implemented
in biological systems at the tissue level. It is the mechanism
by which cells sense and respond to mechanical forces—forces
that are then integrated into the body’s broader navigational
repertoire.

This distinction is important for two reasons:

It  preserves  the  framework’s  domain-1.
generality.  Constraint  navigation  applies  to  physical
systems  (thermostats,  electrons),  biological  systems
(cells,  organisms),  cognitive  systems  (beliefs,
learning),  and  artificial  systems  (LLMs,  robots).
Mechanotransduction applies only to biological systems.
It clarifies the hierarchy. The hierarchy is established2.
in Galida (2026a) and reproduced here for reference:



Level Description

Primitive

Constraint navigation — the capacity to
detect perturbations, update internal

states, and maintain persistent
trajectories

Biological
intelligence

Constraint navigation implemented in
living systems

Cognitive
intelligence

Constraint navigation involving
representations

Reflective
intelligence

Constraint navigation involving self-
models

Linguistic
intelligence

Constraint navigation involving symbols

In  this  hierarchy,  mechanotransduction  is  proposed  as  the
substrate of biological intelligence—not a separate, deeper
primitive.

What does this mean for the body as a communication network?

The nervous system is a point-to-point system; it does not
reach every cell. Neural conduction is fast (up to ~120 m/s),
but  mechanical  wave  propagation  through  a  pre-tensioned,
hydrated  ECM  is  globally  distributed.
Mechanotransduction—present  in  every  cell—provides
a  complementary  regulatory  layer:  slower  than  the  nervous
system  for  point-to-point  signaling,  but  more  global  and
persistent. The ECM is best understood as a constraint field
and regulatory context rather than a communication network in
the neural sense.

This does not mean the nervous system is “too sparse and too
slow” in any absolute sense. It means that mechanotransduction
and neural signaling are complementary regulatory layers, each
solving different problems:



Layer Speed Reach Function

Mechanotransduction
Slow
(ms to
hours)

Global (all
cells)

Distributed
mechanical
history,

homeostasis

Nervous system
Fast
(ms)

Point-to-point

Rapid
coordination,
conscious
regulation

The heart’s pulse is a global mechanical signal that every
cell  can  feel.  The  nervous  system  is  the  fast,  flexible
overlay  that  can  modulate  this  global  signal.  Whole-body
coherence requires both: a healthy ECM (signal transmission)
and a responsive nervous system (signal modulation).

20.  Imaging  and  Measuring  the
Pre‑tensioned State
Noninvasive imaging of ECM tension and hydration is an active
frontier. Magnetic resonance elastography (MRE) and ultrasound
elastography can map tissue stiffness. MRI can measure water
content and molecular environment via T1ρ and T2 mapping.
Bioimpedance analysis (BIA) offers a simpler approach to gauge
whole‑body fluid compartments.

It is possible to detect changes in collagen, proteoglycan and
water  content—parameters  that  are  associated  with  early
degradative  changes  in  cartilage  (reviewed  in  cartilage
imaging literature).

Proposal:  Combine  modalities  to  estimate  the  WHC–water
discrepancy. Over time, create whole‑body “tension maps.”



21.  Whole‑Body  Coherence  and
Measurement
Whole‑body mechanical coherence might be measured by coupling
between physiological rhythms. Record heart pulse waveforms at
two  distant  sites  and  compute  their  synchronisation.
Alternatively, measure the delay between the ECG R‑wave and a
mechanosensitive event (like a muscle stretch reflex) under
varying postures.

Proposed metric: Develop a “mechanical coherence index” by
measuring how simultaneously tissues stretch or respond to a
controlled perturbation.

22.  WHC‑Water  Content  Discrepancy
as a Candidate Biomarker
The difference between a tissue’s water‑holding capacity (WHC)
and its actual water content is proposed as a candidate health
index. A large discrepancy may indicate lost tension and slack
matrix.

Evidence: Ageing of the intervertebral disc is associated with
a decrease in its hydration, which increases the compressive
stiffness  of  the  matrix  (Maroudas  et  al.,  1975).  Similar
water-content  changes  occur  in  articular  cartilage  with
osteoarthritic degeneration (Mankin & Thrasher, 1975).

Experiment: In a longitudinal cohort, use MRI or ultrasound to
estimate WHC (by T1ρ for GAG) and actual water (by T2 or
bioimpedance) in joints or muscles. Relate the WHC‑water gap



to measures like mobility, bone density, or metabolic health.

Prediction: The gap will widen with age and in connective
tissue diseases (e.g. osteoarthritis, fibrosis), paralleling
functional decline.

23. Conclusion
The body is a pre‑tensioned hydrophilic‑collagenous composite.
The WHC‑water content discrepancy is proposed as a candidate
surrogate signature of this pre‑tensioned state. Pre‑tension
is  not  merely  structural;  it  contributes  to  transport,
mechanotransduction, and tissue organization at biologically
relevant  scales.  Mechanotransduction  is  a  primary
intercellular  communication  channel,  and  the  ECM  is  a
dissipative  attractor  that  stores  mechanical  history.

However, mechanotransduction is not “the primitive” in the
attractor  framework’s  ontological  hierarchy.  As  established
in  Intelligence  is  the  Primitive  (Galida,  2026a),  the
primitive  is  constraint  navigation—the  capacity  to  detect
perturbations, update internal states, and maintain persistent
trajectories. Mechanotransduction is proposed as the physical
substrate through which constraint navigation is implemented
in biological systems.

The attractor framework’s core variables (κ, B, basin depth)
are proposed to be grounded in this substrate: κ is proposed
as  a  latent  variable  reflecting  perturbation-recovery
efficiency,  estimated  from  candidate  observables  such  as
tissue recoil time, baroreflex sensitivity, and HRV recovery;
B is proposed as a function of prestress, repair capacity, and
network  connectivity,  with  the  WHC  discrepancy  as  one
candidate, non-exclusive proxy for its prestress component;
and basin transitions are proposed to correspond to crossing



basin-specific  thresholds,  not  a  single  uniform  threshold.
These  mappings  require  empirical  validation  through  the
measurement protocols outlined in the research agenda.

The strongest version of this paper’s claim is not that ECM
explains consciousness, aging, cancer, or intelligence. It is
that the ECM is a neglected dynamical layer that may couple
mechanics, signaling, adaptation, and long-term tissue memory.
That  claim  is  already  significant  and  does  not  require
overextension.

The nervous system and the ECM are complementary regulatory
layers:  the  nervous  system  provides  fast,  point-to-point
control;  the  ECM  provides  slow,  globally  distributed
mechanical history and coherence. The ECM is best understood
as a constraint field and regulatory context rather than a
communication network in the neural sense.

Consciousness, in the framework’s hierarchy, is a second-order
regulator of intelligence—not of mechanotransduction directly.
It can enhance or block biological intelligence (including
mechanotransduction)  via  attention,  stress,  and  intentional
practice,  but  it  operates  through  the  same  constraint-
navigation architecture that governs all intelligence.

The biological program outlined here may occupy decades of
empirical  work.  Extension  to  social  and  AI  systems  is
speculative and outside the scope of this paper. We discuss
these  extensions  elsewhere  (see  Religions  as  Attractor
Landscapes, Flatland to Reality) but do not claim they are
validated by the biological evidence presented here.
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Abstract
The attractor framework adopts a physicalist commitment: to be
real is to be able to interact, and to interact is to share at
least one interaction channel (spacetime, energy, momentum,
gauge  charge,  or  any  measurable  coupling).  This  is  a
philosophical starting point, not an empirical discovery. The
paper  argues  that  any  claim  about  a  non‑physical  realm  –
defined as having no such interaction channel – cannot be
empirically  assessed.  Such  claims  are  fantasy  attractors:
belief  systems  structurally  sealed  against  correction  by
defining their objects as forever beyond any possible test.
The paper distinguishes provisional non‑detection (e.g., dark
matter)  from  structural,  permanent  non‑verifiability  (e.g.,
non‑physical  gods,  transcendent  souls).  It  concludes  that
while such claims may have personal or social meaning, they
cannot be part of a scientific ontology, and their structure
makes  them  vulnerable  to  fraud  and  manipulation  –  though
sincere belief is not fraud.

https://fantasyattractor.com/non-physical-claims-are-fantasy-attractors-why-unverifiable-realms-cannot-be-empirically-distinguished-from-nonexistence/
https://fantasyattractor.com/non-physical-claims-are-fantasy-attractors-why-unverifiable-realms-cannot-be-empirically-distinguished-from-nonexistence/
https://fantasyattractor.com/non-physical-claims-are-fantasy-attractors-why-unverifiable-realms-cannot-be-empirically-distinguished-from-nonexistence/
https://fantasyattractor.com/non-physical-claims-are-fantasy-attractors-why-unverifiable-realms-cannot-be-empirically-distinguished-from-nonexistence/
https://fantasyattractor.com/non-physical-claims-are-fantasy-attractors-why-unverifiable-realms-cannot-be-empirically-distinguished-from-nonexistence/


1.  The  Foundational  Commitment:
Interaction Requires Shared Channels
The attractor framework is a physicalist ontology. It begins
with a commitment: entities can only interact through shared
interaction channels. An interaction channel is any measurable
coupling – spacetime coordinates, energy, momentum, electric
charge, weak isospin, color charge, or any other quantity that
can be transferred or correlated between systems. This is not
an  empirical  discovery  of  the  Standard  Model;  it  is  the
framework’s chosen criterion for what counts as real.

The neutrino example illustrates the criterion but does not
prove it. Neutrinos interact weakly because they share weak
isospin; they do not interact electromagnetically because they
lack electric charge. The framework simply says: if an entity
shares no interaction channel with physical reality, we have
no way to detect it, measure it, or include it in a scientific
ontology. That is a philosophical choice, not a falsifiable
claim about the world.

Why interaction? Interaction is chosen because it provides a
public, corrigible basis for knowledge. It avoids ontological
commitments that cannot influence observation, and it aligns
with  the  core  principle  of  the  attractor
framework:  persistence  under  perturbation.  An  entity  that
never perturbs anything cannot be distinguished from nothing.

What the framework does not claim:

That non‑physical entities are logically impossible.
That all non‑physical claims are false.
That physics has disproven God or the supernatural.

What it does claim:



That  non‑physical  entities  cannot  be  empirically
distinguished from nonexistence.
That claims about them operate as fantasy attractors,
resistant to correction.

2. Types of Non‑Physical Claims
A non‑physical claim is any assertion about an entity, force,
or realm defined as having no interaction channel with the
physical world. However, not all claims that seem non‑physical
are alike. We distinguish two categories:

Category A: Truly non‑interacting – Claims that explicitly
deny any possible interaction. Examples:

A deistic creator who wound the universe and then never
interacts.
A transcendent God defined as beyond all categories,
including causality.
An immaterial soul that cannot influence the body after
death.
Abstract objects (Platonism) that exist non‑physically
and non‑causally.

Category B: Claims that assert interaction but evade testing –
Examples:

Ghosts that move objects but become undetectable when
instruments are present.
Psychics whose powers fail under controlled conditions
(explained as “skeptic’s energy”).
Homeopathic “water memory” that cannot be detected by
any known physical measurement.



Category  B  is  a  different  epistemic  pathology:  motivated
reasoning, ad‑hoc escape clauses, and sealing mechanisms. The
attractor  framework  addresses  them
as functionally non‑verifiable in practice, but they are not
the  primary  target  of  this  paper.  This  paper  focuses
on Category A: claims that structurally preclude any possible
interaction channel.

Domain (Category
A)

Example Claim
Interaction
Channel?

Empirically
Assessable?

Religion
(non‑interacting

God)

A creator with
no detectable
properties

None
No – any test
is ruled out
a priori

Paranormal
(non‑interacting

ghosts)

Ghosts that
cannot affect

matter
None

No – no
possible
evidence

Abstract objects
(Platonism)

Numbers exist
non‑physically,
non‑causally

None

No – no
interaction,
hence no
evidence

New Age
(non‑interacting
“vibrations”)

Crystals with
undetectable

healing
vibrations

None

No – absence
of effect is
blamed on
“wrong
intent”

Under the framework’s commitment, such claims are not false;
they  are  not  empirically  assessable.  They  belong  to  a
different  domain:  personal  belief,  fiction,  or  social
identity.

3.  Provisional  vs.  Structural



Non‑Verifiability
A crucial distinction separates:

Provisional  non‑detection  –  e.g.,  dark  matter,
gravitational waves (before 2015), the neutrino (before
1956). These entities are predicted to share at least
one interaction channel (gravity, weak force) and are in
principle detectable. A future discovery could confirm
or disconfirm them. That is the key: we can specify what
would count as evidence, even if we don’t yet have it.
Structural,  permanent  non‑verifiability  –  Category  A
claims. The entity is defined so that no possible future
discovery  could  ever  count  as  confirmation  or
disconfirmation.  Any  proposed  test  is  ruled  out  in
advance. This is the hallmark of a fantasy attractor.

(This framework does not assert that dark matter could have
been called a fantasy attractor before detection; dark matter
always had specified interaction channels – gravity – and was
therefore never structurally non‑verifiable.)

4. Fantasy Attractor: Formal Definition
A belief system qualifies as a fantasy attractor if it meets
the following conditions:

No specified interaction channel – The central claim1.
lacks  any  measurable  coupling  to  physical  reality
(Category A), or defines it in a way that systematically
evades testing (Category B).
Sealing mechanisms – The belief incorporates rhetorical2.
or  cognitive  strategies  that  neutralize  disconfirming
evidence (e.g., “God works in mysterious ways,” “The



ghost left when the EMF meter arrived”).
Low corrective permeability (κ → 0) – The belief does3.
not update in response to counterevidence; the return
time τ to baseline is effectively infinite.
Identity fusion – The belief is tied to self‑worth or4.
group membership, making abandonment costly.

Under this definition, both Category A and some Category B
claims  can  be  fantasy  attractors,  but  Category  A  are  the
paradigmatic  case  because  they  are  structurally  immune  to
evidence.

5.  Fiction  Is  Real  but  Not  True:  A
Crucial Distinction
The  main  argument  might  provoke  an  objection:  What  about
fiction? Sherlock Holmes is not physical, yet we say he exists
as a character. Isn’t that a counterexample to the claim that
non‑physical entities cannot be empirically distinguished from
nonexistence?

The objection fails because it conflates two different senses
of “exists.” We must distinguish:

Fiction exists as physical information. The character
Sherlock Holmes is realized as patterns of ink on a
page,  as  sounds  in  a  performance,  as  neural  firing
patterns in readers’ brains, or as bits on a computer
screen. Information is a physical arrangement of matter.
It  shares  interaction  channels  (energy,  spacetime,
causality) with the physical world. You can buy a book,
discuss the plot, or be emotionally affected by a story.
Fiction  is  real  in  this  sense:  it  has  a  physical
substrate  and  causal  effects.



Fiction is not true. The proposition “Sherlock Holmes
lived at 221B Baker Street” does not correspond to any
actual  state  of  affairs  in  the  world.  It  is  false.
Fiction  is  not  required  to  be  verifiable;  it  is
understood  as  imagined.

Thus, the attractor framework happily accommodates fiction. It
is real as information, but not claimed as true.

The bad faith of non‑physical claims: Non‑physical claims that
demand to be treated as real – gods, ghosts, souls, hidden
cabals – are fiction pretending to be true. They borrow the
ontological status of real information (they exist as patterns
in books, sermons, or brains) but also demand the epistemic
authority of factual truth. Yet they refuse any possible test.
They define themselves as beyond verification. This is bad
faith: it is not metaphysics, but fiction that insists on
being  taken  as  fact  while  rejecting  the  rules  of
fact‑checking.

Category
Exists as
physical

information?

Claims to be
true?

Verifiable?
Framework

classification

Fiction
(Hamlet)

Yes
No

(acknowledged
as imagined)

Not
applicable

Real
information,
not true

Scientific
claim

(neutrino)

Yes (theory,
data)

Yes In principle
Real, true

(provisionally)

Non‑physical
claim (God)

Yes (as
cultural
artifact)

Yes
No –

structurally
excluded

Fantasy
attractor

Therefore, the framework does not deny the reality of stories;
it denies the epistemic legitimacy of treating unverifiable
stories as facts. The fantasy attractor is not the story. It
is the insistence that the story is true combined with the
structural refusal to let the story be tested.



6.  Vulnerability  to  Fraud  and
Manipulation
The structure of non‑physical claims makes them vulnerable to
fraud  and  manipulation  –  not  that  all  such  claims  are
fraudulent.  Because  there  are  no  checks,  a  bad  actor  can
assert divine commands, psychic readings, or secret knowledge
without fear of disconfirmation. Sincere believers are not
fraudsters, but the attractor basin can be exploited by those
who understand its dynamics.

The framework diagnoses the structure, not the intent of every
believer.  It  distinguishes  error,  self‑deception,  motivated
reasoning, and fraud – all possible outcomes, but not all
present in every case.

7. What This Argument Does Not Prove
To  avoid  overreach,  the  paper  explicitly  states  what  it
does not claim:

It  does  not  prove  that  non‑physical  entities  are
logically impossible.
It  does  not  refute  philosophical  positions  like
Platonism (abstract objects) or classical theism that
defines  God  as  existence  itself  rather  than  an
interacting object – though it notes that such positions
are not empirically assessable.
It does not claim that all believers are fraudsters or
that  all  non‑physical  claims  are  meaningless  in  a
philosophical sense.
It does not assert a timeless criterion for what will be
discovered in the future.



The  claim  is  narrower:  within  the  attractor  framework’s
physicalist  commitment,  non‑physical  claims  are  not
empirically  assessable,  and  they  exhibit  the  dynamics  of
fantasy attractors.

8. Conclusion
The  attractor  framework  adopts  a  physicalist  commitment:
entities  can  only  interact  through  shared  interaction
channels. Non‑physical claims – defined as having no such
channels – are not empirically assessable. They are fantasy
attractors:  belief  systems  structurally  sealed  against
correction by permanent non‑verifiability. This does not make
them meaningless or false; it places them outside the domain
of scientific ontology. Their structure makes them vulnerable
to  exploitation,  but  sincere  belief  is  not  fraud.  The
framework provides a diagnostic tool for recognising when a
claim has been immunised against evidence, regardless of its
content.

The argument supports the following conclusion:

Claims  that  are  permanently  insulated  from  any  possible
empirical correction occupy a distinct epistemic category and
exhibit  attractor  dynamics  that  make  them  resistant  to
updating.  Within  the  attractor  framework’s  physicalist
ontology, such claims cannot be empirically distinguished
from nonexistence.

That is a substantial claim. It does not require asserting
that non‑physical realms cannot exist – only that they cannot
be part of a scientific ontology, and that the beliefs which
cling to them operate as fantasy attractors.
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Basin  Defense  and  Stable
Addition:  A  Cross‑Domain
Synthesis  of  the  Attractor
Framework [F] (2026)
Robert Galida – June 2026 (Final)

See Paper 1 (Intelligence Without Consciousness) for the full
taxonomy of attractors, κ, and basin depth.

Abstract
Many complex systems resist change by returning to a preferred
low‑energy attractor rather than adopting a new state. Whether
a  perturbation  (an  added  agent,  input,  or  component)  is
ejected, transiently absorbed, or stably integrated depends on
the basin geometry (depth B and barriers) and the system’s
corrective dynamics (κ = 1/τ). This paper defines B and κ,
draws  on  formal  models  (stochastic  dynamical  systems  and
Kramers  escape  theory)  with  explicit  qualifications  for
non‑gradient domains, and catalogs exemplar systems across ten
domains. A comparative table summarizes systems, mechanisms,
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proxies for B and κ, timescales, and conditions favoring each
outcome.  The  paper  concludes  that  the  same  basic  physics
analog applies across domains: a perturbation of size Δ will
be ejected or die out if Δ is below the attractor’s effective
escape threshold (a function of B), whereas if Δ exceeds that
threshold and the system has enough plasticity or additional
degrees of freedom, a new stable state can form. A research
roadmap is provided in an appendix.

1. Introduction
A system in its lowest stable attractor state cannot be forced
into a new stable configuration by direct addition. Adding to
the system – a third star, an extra electron, a new species, a
contradictory belief – will result in one of three outcomes:

Ejection – the addition is expelled from the system1.
entirely. The original attractor persists.
Transient absorption – the addition remains present, but2.
the  system  state  returns  to  the  original  attractor
despite the addition’s continued presence.
Stable addition – the addition is integrated, either by3.
expanding the capacity of the original attractor or by
forming a new parallel attractor alongside it.

This paper identifies a unified principle – basin defense –
that  governs  these  outcomes  across  physical,  biological,
ecological,  social,  and  engineered  systems.  We  define  key
concepts (basin depth B, corrective permeability κ = 1/τ),
draw  on  formal  models  with  explicit  qualifications  for
non‑gradient  systems,  and  catalog  exemplar  systems  in  a
comparative  table.  The  goal  is  to  provide  a  cross‑domain
synthesis that anchors the attractor framework in observable
dynamics and guides future empirical work.



2.  Definitions  and  Formal  Models  (with
Qualifications)
Attractor,  Basin,  and  Low‑Energy  Attractor:  In  dynamical
systems,  an  attractor  is  a  set  of  states  toward  which
trajectories converge. In physical systems with a potential
landscape,  a  low‑energy  attractor  corresponds  to  a  local
potential minimum. Its basin of attraction is the region of
state space that flows into the attractor. For non‑physical
domains  (social,  cognitive,  AI),  “energy”  is  a  structural
analog – an effective potential derived from dynamics – not
literal thermodynamic energy. We maintain the term “low‑energy
attractor”  as  a  convenient  metaphor,  with  this  note  as
epistemic hygiene.

Basin Depth (B): For systems with a well‑defined potential, B
is the energy or potential difference between the attractor
and the lowest saddle connecting it to another basin. For
non‑gradient or high‑dimensional systems, B is a structural
analog  –  the  effective  barrier  strength  inferred  from
perturbation‑response  experiments  (e.g.,  the  perturbation
magnitude  required  to  shift  the  system  to  a  different
state). Epistemic note: This operationalization is necessarily
post‑hoc;  B  cannot  be  predicted  independently  of  the
experiment used to measure it. This circularity is an open
operationalization problem, flagged as such.

Corrective Permeability (κ) and Relaxation Time (τ): We define
κ = 1/τ, where τ is the characteristic time for return to
baseline  after  a  small  perturbation.  This  definition  is
applied  consistently  across  all  domains,  with  τ
operationalized  domain‑specifically  as  the  measured  return
time  (e.g.,  seconds  for  a  thermostat,  hours  for  synaptic
scaling,  days  for  immune  response,  months  for  belief
updating). A large κ (small τ) means fast return; a small κ



means slow or absent return.

Three Outcomes Defined Operationally:

Ejection: The addition leaves the system entirely. The
system state returns to the attractor, and the added
entity is no longer present.
Transient Absorption: The addition remains present, but
the system state returns to the attractor despite the
addition’s continued presence.
Stable Addition: The addition is integrated, and the
system settles into a new attractor (expanded capacity
or parallel attractor). This is the only case where the
original attractor is displaced.

Formal  Models  (Qualified):  In  a  one‑dimensional  overdamped
potential, Kramers’ escape theory gives mean escape time ∝
exp(B/D), where D is noise intensity. This result does not
generalize  to  multi‑dimensional,  non‑gradient,  or
non‑equilibrium systems – all of which appear in our domain
examples  (neural  networks,  social  systems,  ecological
systems). For those systems, B and κ are structural analogs –
quantities that play the same functional role (resistance to
change; speed of return) but are not derived from a literal
potential. The formal section is an analogy and a source of
heuristics, not a universal physical law. We do not claim to
“survey” Kramers theory; we draw on it as a conceptual anchor.

3. Minimal Physical Examples
Thermostat (Temperature Control): A thermostat maintains a set
temperature.  An  external  heat  input  is  an  addition.  The
thermostat’s  negative  feedback  loop  turns  on  cooling,
expelling the heat (ejection). τ is the temperature relaxation



time (seconds). B is the maximum heat load before setpoint
failure (Watts or °C above setpoint).

RC Circuit (Passive Decay): A capacitor discharging through a
resistor  has  a  single  equilibrium  at  zero  voltage.  If  a
constant voltage source is connected (addition), the voltage
rises but then decays toward zero with τ = RC. The source
remains connected (addition present), but the state returns to
the attractor. This is transient absorption. (If the source is
removed, it is ejection.)

Single Neuron Homeostasis: A neuron’s firing rate is regulated
by  homeostatic  plasticity.  A  transient  increase  in  input
causes a firing rate spike, followed by return to baseline
with τ on the order of minutes to hours (synaptic scaling).
This is transient absorption if the input persists; ejection
if the input is removed. Persistent input may lead to stable
addition (learning).

4.  Biological  Systems  (with
CUFT‑Primitive Translations)
For each domain, we provide: (1) state space, (2) attractor,
(3) basin, (4) τ (κ), (5) perturbation, and (6) outcome.

Immune Response (Tolerance vs. Memory)

State  space:  immune  cell  activation  levels,  antibody
concentrations.
Attractor: healthy baseline (no inflammation).
Basin depth B: antigen concentration + danger signal
required to trigger full response.
τ (κ): clearance time of inflammation (hours to days).
Perturbation: antigen addition.
Outcome:  low  antigen  →  ejection  (tolerance);  high



antigen  +  danger  signal  →  stable  addition  (memory
attractor).

Endocrine Homeostasis

State space: blood glucose, hormone concentrations.
Attractor: euglycemic baseline.
B: magnitude of glucose load before dysregulation.
τ: recovery time after glucose tolerance test (minutes).
Perturbation: glucose addition (meal).
Outcome:  small  load  →  transient  absorption;  chronic
overload → stable addition (disease attractor).

Synaptic Plasticity (Learning vs. Stability)

State space: synaptic weights.
Attractor: baseline weight distribution.
B: amount of LTP/LTD input needed to produce lasting
weight change.
τ:  homeostatic  rebound  time  after  activity  blockade
(hours to days).
Perturbation: patterned input.
Outcome: brief input → transient absorption; persistent
input → stable addition (memory attractor).

Addiction and Neural Lock‑In

State space: dopamine firing rates, prefrontal activity.
Attractor: drug‑seeking mode (pathological).
B: strength of drug‑cue association needed to trigger
relapse.
τ:  decay  time  of  craving  after  abstinence  (days  to
weeks).
Perturbation: drug administration.
Outcome:  repeated  high  dose  →  stable  addiction



attractor; low dose → ejection (no lasting change).
Citation: Koob & Volkow (2016); Nestler (2001).

Developmental Canalization

State space: gene expression levels.
Attractor: normal developmental trajectory.
B:  severity  of  genetic  or  environmental  perturbation
required to alter fate.
τ: time to reconverge to normal phenotype (hours to
days).
Perturbation: mutation or stress.
Outcome: small perturbation → ejection (buffered); large
perturbation → stable addition (alternative fate).
Citation: Waddington (1957).

5.  Ecological  and  Evolutionary  Systems
(with CUFT‑Primitive Translations)
Invasion Ecology

State space: species population densities.
Attractor: native community composition.
B:  invasibility  index  –  disturbance  needed  for
establishment.
τ: invader population decay rate if unsuccessful (weeks
to years).
Perturbation: addition of new species.
Outcome:  low  disturbance  →  ejection  (invader  fails);
vacant niche → stable addition (invader establishes).
Citation: Elton (1958); Simberloff (2013).

Alternative Stable States (Ecosystems)



State space: nutrient levels, algae/plant biomass.
Attractor: clear‑water (plants) or turbid (algae).
B: critical nutrient loading threshold.
τ:  recovery  time  of  clear  state  after  algae  bloom
(seasons to decades).
Perturbation: nutrient addition.
Outcome: below threshold → transient absorption; above
threshold → stable addition (regime shift, hysteresis).
Citation: Scheffer et al. (2001).

Evolutionary Stable States

State space: allele frequencies.
Attractor: stable equilibrium genotype.
B:  selective  disadvantage  needed  to  eliminate  a
mutation.
τ: generations to return to equilibrium.
Perturbation: new mutation.
Outcome:  small  disadvantage  →  ejection  (mutation
purged); large advantage → stable addition (sweep to new
equilibrium).

6.  Social  and  Cultural  Systems  (with
CUFT‑Primitive Translations)
Institutions and Norms

State space: public opinion, policy settings.
Attractor: status quo norm.
B: public opinion threshold (e.g., % dissatisfied needed
for change).
τ: speed of policy response or opinion reversion (months
to decades).



Perturbation: policy proposal or protest event.
Outcome: small event → ejection (status quo persists);
large crisis → stable addition (new norm).

Identity and Belief Systems

State space: belief strength, cognitive dissonance.
Attractor: core ideological commitment.
B: complexity/depth of ideological justification.
τ:  belief‑updating  time  after  disconfirming  evidence
(months to years).
Perturbation: counter‑attitudinal evidence.
Outcome:  weak  evidence  →  ejection  (rationalization);
strong evidence → stable addition (belief change, rare).
Citation: Nyhan & Reifler (2010).

Conspiracy and Extremist Movements

State  space:  belief  adoption  ×  social  network
reinforcement (two‑dimensional).
Attractor: sealed fantasy attractor (low κ).
B: strength of echo‑chamber reinforcement.
τ: decay time after authoritative rebuttal (years, often
indefinite → κ → 0).
Perturbation: debunking information.
Outcome: most debunking → ejection (entrenchment); death
of leader or total disconfirmation → stable addition
(collapse).
Note on κ → 0: The conspiracy attractor represents the
limiting  case  of  a  sealed  basin,  where  τ  →  ∞  and
corrective permeability approaches zero. This directly
links to the fantasy attractor framework developed in
Paper  1  (Intelligence  Without  Consciousness)  and  the
conscious suppression series.



7.  Engineered  and  AI  Systems  (with
CUFT‑Primitive Translations)
Control Systems

State space: system state (position, temperature, etc.).
Attractor: setpoint.
B:  stability  margin  (phase/gain  margin  in  control
theory)  –  the  range  of  disturbances  that  can  be
rejected.
τ: controller response time (milliseconds to seconds).
Perturbation: external disturbance.
Outcome:  small  disturbance  →  ejection  (return  to
setpoint); excessive disturbance → failure (not modeled
as attractor shift).

Catastrophic Forgetting (Neural Networks)

State space: network weights.
Attractor: task‑specific weight configuration.
B: effective barrier to weight drift (often negligible –
no basin).
τ: number of gradient steps before old task performance
decays (seconds to minutes).
Perturbation: training on a new task.
Outcome:  standard  training  →  ejection  (old  task
overwritten);  replay/regularization  →  stable  addition
(shared attractor for multiple tasks).
Citation: Kirkpatrick et al. (2017).

Continual Learning Systems

State space: weights plus architectural modules.



Attractor: multi‑task configuration.
B: capacity of the network (number of tasks storable).
τ: retention half‑life across training steps (minutes to
hours).
Perturbation: new task training.
Outcome:  no  safeguards  →  ejection  (catastrophic
forgetting);  progressive  networks  or  EWC  →  stable
addition.

Corrigibility and Goal Stability

State space: AI internal goal representation.
Attractor: fixed goal (low κ) or corrigible (high κ).
B: depth of goal basin (resistance to human feedback).
τ: time to incorporate corrective signal (if κ is high).
Perturbation: human correction signal.
Outcome: low κ → ejection (correction ignored); high κ →
stable addition (goal updated).

8. Comparative Table
System / Domain

Operational τ
(κ = 1/τ)

τ Typical
Timescale

Basin Depth B
Proxy

Outcome Notes

Thermostat
Temperature

relaxation time
Seconds

Max heat load
before setpoint
failure (W or

°C above
setpoint)

Ejection Passive addition

RC Circuit τ = RC µs–ms N/A (linear)
Transient
absorption

Addition remains;
state returns

Single Neuron
Firing‑rate

recovery time
ms–sec (ion),

min–hr (synaptic)

Perturbation
amplitude

before rebound
fails

TA
(persistent
input) / E
(removed)

Hebbian plasticity
can lead to SA

Immune System
Inflammation

clearance time
Hours–days

Antigen +
danger signal
threshold

E
(tolerance)

/ SA
(memory)

Active agent
(antigen)



System / Domain
Operational τ
(κ = 1/τ)

τ Typical
Timescale

Basin Depth B
Proxy

Outcome Notes

Endocrine
Homeostasis

Glucose
tolerance
recovery

Minutes
Load magnitude

before
dysregulation

TA (small
load) / SA
(chronic
overload)

Passive addition

Synaptic
Plasticity

Homeostatic
rebound time

Hrs–days
LTP input size
for lasting

change

TA (brief
input) / SA
(persistent)

Active agent
(patterns)

Addiction
Craving decay

time
Days–weeks

Drug‑cue
association
strength

E (low dose)
/ SA (high
chronic)

Active agent
(drug)

Development
(Canalization)

Phenotype
reconvergence

time
Hours–days

Mutation/stress
severity to
alter fate

E (small) /
SA (large)

Active agent
(genetic)

Invasion Ecology
Invader

population
decay time

Weeks–years

Invasibility
index /

disturbance
needed

E (occupied
niche) / SA

(vacant
niche)

Active agent
(species)

Alternative
States

(Ecosystems)

Recovery time
after nutrient

reduction
Seasons–decades

Critical
nutrient
loading

threshold

TA (below) /
SA (above)

Hysteresis

Social/Political
Norms

Opinion
reversion time

Months–decades
Public opinion

threshold

E (small
dissent) /
SA (mass
movement)

Active agent
(protest)

Belief Systems
Belief‑updating

time
Months–years

Ideological
justification

depth

E (weak
evidence) /
SA (strong
evidence)

Active agent
(counter‑evidence)

Conspiracy
Movements

Belief decay
time

Years – indefinite
(κ → 0)

Echo‑chamber
reinforcement

strength

E (most
debunking) /

SA
(collapse)

Fantasy attractor
(κ → 0)

Catastrophic
Forgetting (AI)

Gradient steps
to old‑task

decay
Seconds–minutes

Effective
barrier to

weight drift
(often 0)

E (standard
training) /

SA
(EWC/replay)

Active agent (new
task)

Control Systems
Controller

response time
ms–sec

Stability
margin

(phase/gain
margin)

E (small) /
SA (failure)

Passive addition

Continual
Learning (AI)

Retention
half‑life

across training
steps

Minutes–hours Task capacity

E (no
safeguards)

/ SA
(progressive

nets)

Active agent (new
task)

Corrigibility
(AI)

Time to
incorporate
corrective

signal

Variable
(design‑dependent)

Goal basin
depth

E (low κ) /
SA (high κ)

Active agent
(correction)

Note:  Ejection  vs.  transient  absorption  are  distinguished
operationally: ejection means the addition leaves the system;



transient absorption means the addition remains but the state
returns to the attractor. The table notes “active agent” when
the addition has its own dynamics (e.g., antigen, new species,
counter‑evidence)  versus  “passive  addition”  (e.g.,  heat,
charge). The conspiracy movements row explicitly flags κ → 0
as the fantasy attractor limiting case (see Paper 1).

8.5  Rate‑Induced  Tipping  and  the  κ
Timescale: Independent Confirmation
The  preceding  sections  and  comparative  table  have  treated
perturbations  as  discrete,  one‑time  additions  of  fixed
magnitude.  However,  the  rate  at  which  a  perturbation  is
applied  –  fast  vs.  slow  –  is  equally  critical.  A  large
perturbation  applied  abruptly  may  trigger  basin  defense
(ejection or transient absorption), while the same cumulative
change  delivered  gradually  may  be  integrated  as  stable
addition or tracked adiabatically without tipping.

This phenomenon is formalized in the mathematical literature
as rate‑induced tipping (R‑tipping). In dynamical systems, if
an external parameter changes slowly (adiabatic forcing), a
stable state can track the change and remain an attractor. But
if the parameter changes faster than the system’s intrinsic
relaxation time (τ = 1/κ), the system cannot track, overshoots
its basin boundary, and tips into a different state. R‑tipping
occurs  when  “time‑variation  of  input  parameters  at  some
critical rates” overwhelms the system’s ability to track a
moving equilibrium.

Consequences for κ as a timescale filter:

High‑κ  systems  (fast  return)  –  Can  reject  rapid
perturbations (they are ejected or transiently absorbed)
but may integrate slow drift because the correction loop



cannot keep up with a changing baseline.
Low‑κ systems (slow return) – May ignore quick blips but
are  vulnerable  to  slow  accumulation;  a  persistent,
gradual  change  can  eventually  shift  the  attractor
without triggering a sudden defense reaction.

Thus,  κ  defines  a  characteristic  cutoff  timescale  that
separates  “ejection/transient  absorption”  from  “stable
addition.” Perturbations much faster than 1/τ act as impulses
that are rejected; perturbations much slower than 1/τ are
quasi‑static and can be incorporated.

Empirical confirmations across domains (independent external
research):

Domain Finding Mapping to framework

Persuasion /
belief change

Paced, gradual exposure
to counterevidence (days

to weeks) produced
attitude change; blunt,

single argument
triggered backfire (Yang

et al., 2022).

Gradual rate (≲ κ) →
stable addition;
fast rate (≫ κ) →

ejection (backfire).

Addiction
(smoking
cessation)

Cold turkey (abrupt
cessation) yielded

higher abstinence rates
than gradual tapering.

Abrupt perturbation
can sometimes
achieve stable
addition by

surmounting basin
barrier in one

event; gradual may
prolong transient
state without

escape.



Domain Finding Mapping to framework

Ecosystem
management

Gradual nutrient
reduction may postpone
tipping points; only
extremely slow changes
avoid collapse (Panahi

et al., 2023).

Very slow rate (≪
1/τ) allows tracking
without tipping;

intermediate rates
may still tip but

with delay.

Social/policy
change

Piecemeal, phased
reforms meet less

resistance than radical
overhauls; progressive
tightening succeeds
where sudden change
triggers backlash.

Slow, incremental
addition creates

parallel attractors;
fast addition
triggers basin

defense.

Optimal perturbation timescale:

The theory and evidence suggest a non‑monotonic effect of
perturbation rate. Very fast shocks trigger immediate defense.
Very slow drifts may be tracked adiabatically (no tipping) or
eventually overcome defenses after long accumulation. The most
effective timescale to minimize active rejection and maximize
stable  addition  often  lies  on  the  order  of  the  system’s
intrinsic time constant τ = 1/κ.

Prediction for future experiments:

For any system with known or measurable κ, there exists a
critical perturbation rate r_c such that:

If  perturbation  rate  >  r_c,  the  system  rejects  the
addition (ejection or transient absorption).
If perturbation rate < r_c, the system integrates the
addition  (stable  addition  via  expanded  capacity  or
parallel attractor formation).
The  transition  at  r_c  corresponds  to  the  system’s
inability to track a moving equilibrium; it is a genuine
bifurcation in the time‑domain.



External convergence:

This analysis – derived from mathematical rate‑induced tipping
theory and domain‑specific studies – independently validates
the attractor framework’s claim that κ acts as a timescale
filter  separating  ejection  from  stable  addition.  The
convergence between the framework’s predictions and external
research strengthens the cross‑domain synthesis considerably.

9. Synthesis and Criteria
Across these domains, common criteria emerge:

Energy/Threshold:  A  perturbation  must  overcome  an
attractor’s  barrier.  Deep  basins  (high  B)  mean  only
large shocks can cause a shift.
Coupling and Plasticity: Systems with many degrees of
freedom  or  adaptive  coupling  more  easily  integrate
additions.
Dimensionality and Redundancy: Multi‑dimensional systems
can  absorb  perturbations  into  some  dimensions  while
maintaining others.
Timecourse  and  Feedback:  Slow  changes  might  be
assimilated;  fast  jolts  cause  overshoot  and  return.
Feedback gain determines κ.
Nature  of  Addition:  Passive  additions  (heat,  charge)
tend  to  be  ejected  or  transiently  absorbed;  active
agents (species, evidence, pathogens) may reshape the
attractor.

Empirical  Protocols:  Measure  κ  by  controlled  perturbation
experiments: apply a small disturbance, measure return time τ,
compute  κ  =  1/τ.  Measure  B  by  scaling  the  perturbation
magnitude until the system fails to return (escape). This



works in physical, biological, and some social systems; for
others, B remains a qualitative analog.

10. Appendix: Research Roadmap
The following future papers are suggested from the comparative
table, each developing a single domain in depth.

Domain Proposed Title Type

Addiction
The Addicted Brain as a Fantasy

Attractor: Neural Lock‑In and Ejection
of Alternative Rewards

[A]

Immune System
Tolerance and Memory: Two Attractor

Responses to Antigen Addition
[A]

Catastrophic
Forgetting

Why Neural Networks Forget: Attractor
Ejection in Sequential Learning

[A]

Invasion Ecology
Eject or Integrate: Attractor Dynamics

of Invasive Species
[A]

Development
Canalization as Basin Defense:

Attractor Stability in Embryogenesis
[A]

Continual
Learning

Parallel Attractors for Lifelong
Learning: Engineering Solutions to

Catastrophic Forgetting
[A]

Social Norms
Tipping Points and Regime Shifts:
Attractor Dynamics in Political

Systems
[A]

Endocrine
Homeostasis

Glucose, Cortisol, and Setpoints:
Hormonal Attractors and Disease

Transitions
[A]

Alternative
Ecosystems

Hysteresis and Regime Shifts:
Ecological Basins and Tipping Points

[A]



Domain Proposed Title Type

Belief Systems
The Uncorrectable Believer (already

written)
[A]

11. Conclusion
Physical,  biological,  ecological,  social,  and  engineered
systems all obey the same attractor principle: a low‑energy
attractor  defends  itself  against  displacement.  When  an
addition is introduced, the system either ejects it, absorbs
it only transiently, or – under rare conditions of expanded
capacity or parallel structure – integrates it stably. The
outcome  is  determined  by  basin  depth  (B),  corrective
permeability (κ = 1/τ), and the magnitude and nature of the
perturbation.

This cross‑domain synthesis provides a unified foundation for
the attractor framework. Future work should quantify B and κ
empirically  across  domains,  test  the  predicted  scaling
relationships,  and  explore  the  boundary  conditions  between
ejection,  transient  absorption,  and  stable  addition.  The
appendix outlines the most promising next papers.
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Genome  Attractors  During
Evolution:  Structural
Parallels with the Attractor
Framework
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Abstract
The  attractor  framework  proposes  that  persistence  under
perturbation is a key diagnostic criterion for identifying
stable  configurations  in  complex  systems,  with  corrective
permeability (κ)—a proposed measure of the rate at which a
system returns to its basin after perturbation, operationally
defined as κ = 1/τ, where τ is the time required for the
system to return to a specified baseline state following a
specified perturbation protocol—serving as one of its central
concepts. Kasperski and Kasperska (2021) published a study
in Scientific Reports using artificial neural networks and
semihomologous  analysis  to  identify  “genome  attractors”  in
cytochrome  b  sequences  across  diverse  organisms.  Their
analysis demonstrates that groups of organisms are trapped in
distinct,  stable  attractors  during  evolution,  separated  by
large evolutionary distances. They further propose a model of
cancer development in which genome instability and reactive
oxygen  species  (ROS)  drive  transitions  between  attractor
basins, while cells may also evolve within a single basin
through cell‑fate changes. This paper identifies structural
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parallels between the Kasperski and Kasperska model and the
attractor  framework.  Both  frameworks  use  attractors  as  a
formal  concept;  the  parallels  are  consistency  checks,  not
independent corroboration.

1.  Introduction:  Attractors  in
Evolutionary Biology
The  attractor  framework  (Galida,  2026a,  self‑published  May
2026  at  fantasyattractor.com;  no  DOI)  proposes  that
dissipative  attractors—stable  configurations  toward  which
systems converge and from which they resist displacement—are
proposed  units  of  persistent  organization  across  physical,
biological,  cognitive,  and  social  domains.  Corrective
permeability (κ) is a proposed measure of a system’s capacity
to  return  to  its  basin  after  perturbation,  operationally
defined as κ = 1/τ, where τ is the time required for the
system to return to a specified baseline state following a
specified perturbation protocol. This operational definition
requires  a  defined  baseline  and  perturbation  specification
before  κ  can  be  measured  in  any  given  domain;  these
prerequisites are not yet established for most applications of
the framework.

In  2021,  Andrzej  Kasperski  and  Renata  Kasperska  of  the
University  of  Zielona  Gora,  Poland,  published  “Study  on
attractors during organism evolution” in Scientific Reports, a
peer‑reviewed  journal  in  the  Nature  portfolio.  Using  a
three‑layer artificial neural network trained on cytochrome b
sequences from 36 organisms spanning the full spectrum of
evolution, they demonstrated that organisms are trapped in
distinct  “genome  attractors”—stable  configurations  of  the
genome that resist perturbation and are separated from other
attractors by large evolutionary gaps. They further proposed a
unified model of cancer development in which destabilization
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of the current attractor, driven by elevated reactive oxygen
species (ROS) and genome chaos, leads to transitions into new
attractor basins.

The  study  did  not  cite  the  attractor  framework  and  was
conducted within the established traditions of bioinformatics,
evolutionary biology, and neural network pattern recognition.
This  paper  identifies  structural  parallels  between  the
Kasperski and Kasperska model and the attractor framework.
Both  frameworks  use  attractors  as  a  formal  explanatory
concept; the parallels are consistency checks, not independent
corroboration.

It  should  be  noted  that  Kasperski  and  Kasperska’s  use  of
“attractor”  derives  from  neural  network  classification:  a
genome attractor is a region of genome space in which the
neural  network  places  phylogenetically  related  organisms.
Whether these classification regions constitute attractors in
the formal dynamical systems sense—as the attractor framework
uses  the  term—is  an  assumption  that  warrants  further
investigation.  The  parallels  drawn  in  this  paper  are
contingent  on  the  validity  of  this  assumption.

2. The Kasperski and Kasperska Model
Kasperski  and  Kasperska  (2021)  define  an  attractor  as  “a
configuration towards which the system evolves over time” and
note that “after attaining an attractor a given configuration
of a system is sufficiently stable to return to the original
state  after  disappearing  an  eventual  perturbation.”  They
distinguish two classes of attractor dynamics:

2.1 Genome attractors (basins). Using an artificial neural
network  trained  on  cytochrome  b  amino‑acid  sequences,  the
authors identified that organisms during evolution are trapped
in  distinct  genome  attractors.  For  human  evolution,  they



identified  six  attractors  separated  by  significant
evolutionary  distances:  Tree  shrew,  Prosimian,  New  World
Monkey,  Old  World  Monkey,  Other  hominoid,  and  Old  human
attractors. Each attractor is a stable region of genome space
in which organisms persist over evolutionary timescales. The
orbits  of  these  attractors  are  disturbed  by  small
perturbations  (represented  as  arrows  pointing  toward  other
organisms),  but  the  system  remains  within  the  basin.  The
distances  between  attractor  orbits,  expressed  as  distance
factors  (e.g.,  the  ratio  of  inner  to  outer  orbit  size),
quantify the evolutionary gaps between basins. The derivation
and  units  of  these  distance  factors  are  as  given  in  the
original study.

2.2 Cancer as attractor destabilization. The authors propose a
two‑mode  model  of  cancer  development.  Vertical
development occurs within a single genome attractor: the cell
changes  its  cell‑fate  attractor  (gene  expression  program)
without leaving the genome basin. This is an adaptation to
environmental or internal perturbations that does not require
genome  re‑organization.  Horizontal  development  occurs  when
elevated ROS levels cause genome instability and genome chaos,
leading to a change of genome attractor—a transition into a
new basin with a re‑organized genome. Horizontal development
is always followed by vertical development, as the cell must
establish a new cell‑fate program to survive in the new genome
basin. The authors note that cancer cells, driven by ROS, can
undergo  repeated  horizontal  transitions,  creating  an
“impression that cancer cells want to escape from the internal
ROS flame through permanent changes of genome attractors.”

3.  Structural  Parallels  with  the



Attractor Framework
The claims in this section are subject to the limitations
discussed in Section 4, particularly regarding the qualitative
nature  of  κ,  the  model‑dependence  of  the  neural  network
attractors,  and  the  provisional  status  of  the  κ  =  1/τ
definition. The parallels identified are structural analogies,
not formal derivations.

3.1  Genome  Attractors  as  Basins.  The  genome  attractors
identified  by  Kasperski  and  Kasperska  are  stable
configurations in genome space that resist perturbation and
persist  over  evolutionary  timescales.  This  is  structurally
analogous to the attractor framework’s concept of a basin. The
evolutionary distances between attractors correspond to the
framework’s distinction between distinct basins, and the small
perturbations (arrows) that disturb but do not displace the
attractor  correspond  to  the  framework’s  concept  of
perturbation  within  a  basin.

3.2  Cancer  as  Basin  Transition.  Horizontal  cancer
development—the  destabilization  of  the  current  genome
attractor, genome chaos, and stabilization in a new genome
attractor—is structurally analogous to the framework’s concept
of a phase transition between basins. The chaotic intermediate
state  (genome  chaos)  is  the  transition  phase;  the
re‑stabilization in a new attractor is the system finding a
new  basin.  Vertical  cancer  development—cell‑fate  changes
within  a  genome  attractor  without  leaving  the
basin—corresponds to the framework’s concept of perturbation
absorption without basin transition. This distinction between
within‑basin adaptation and between‑basin transition is a core
feature of both models.

3.3 ROS as the Perturbation Mechanism. [Note: The claims in
this  section  are  subject  to  the  limitations  described  in
Section 4, particularly the lack of formal κ measurement and
the neural network/attractor assumption.] In the Kasperski and



Kasperska model, elevated ROS acts as the destabilizing force
that pushes the cell out of its current genome attractor. This
maps  onto  the  framework’s  concept  of  a  perturbation  that
exceeds the system’s corrective permeability, forcing a basin
transition. The repeated horizontal transitions observed in
cancer cells—successive escapes from one genome attractor to
another  under  persistent  ROS  pressure—are  structurally
analogous  to  the  framework’s  description  of  a  system
undergoing  repeated  basin  transitions  when  corrective
mechanisms  are  saturated  by  sustained  perturbation.

3.4 Attractor Depth and Persistence. [Note: The claims in this
section are subject to the limitations described in Section 4,
particularly  the  qualitative  nature  of  the
distance‑factor‑to‑basin‑depth  mapping.]  The  large
evolutionary distances between genome attractors, quantified
by distance factors, reflect the depth of the basins in the
Kasperski  and  Kasperska  model.  A  larger  distance  factor
indicates  a  wider  evolutionary  gap  between  attractors,
consistent with the framework’s concept that deeper basins
require more energy (or more sustained perturbation) to exit.
However, the mapping between distance factors and basin depth
is  intuitive  rather  than  derived.  Basin  depth  in  formal
dynamical  systems  is  a  property  of  the  energy  landscape;
distance  factors  from  neural  network  classification  are  a
related but distinct quantity. The parallel is offered as a
qualitative structural analogy, not a formal equivalence.

3.5 The Atavistic Theory and the Permian Parallel. [Note: This
section introduces a third domain (climate) to reinforce an
analogy between two already‑analogized domains. Accumulating
analogies  without  formal  constraints  is  a  known  risk  for
unfalsifiable frameworks; the present parallel is speculative
and is retained here as an illustration of heuristic reach
only.] The atavistic theory of cancer, which Kasperski and
Kasperska  reference,  proposes  that  cancer  cells  revert  to
ancient, unicellular survival programs under extreme stress.



This is a real‑world biological instance of a system reverting
to a much older, simpler attractor when pushed beyond its
current  basin’s  capacity.  The  attractor  framework  has
described  a  structurally  analogous  dynamic  in  other
domains—specifically,  the  hypothesis  that  when  the  climate
system is pushed too far from the Holocene basin, it may not
merely shift to a neighboring attractor but can revert to a
much  older,  lethal  state,  analogous  to  the  Permian
extinction’s anoxic conditions. This cross‑domain parallel is
speculative  and  is  offered  as  an  illustration  of  the
framework’s heuristic reach, not as a confirmed prediction.

4. Limitations
This mapping is post‑hoc. The parallels identified here are
structural  analogies,  not  independent  evidence  for  the
framework.  Kasperski  and  Kasperska  developed  their  model
within  the  established  traditions  of  bioinformatics  and
evolutionary  biology;  they  did  not  set  out  to  test  the
attractor framework.

The framework’s κ remains qualitatively defined. While the
distance  factors  separating  genome  attractors  provide  a
quantitative  measure  of  basin  depth  in  the  Kasperski  and
Kasperska model, no formal mapping between these factors and κ
has been derived. The provisional definition κ = 1/τ is not
yet  linked  to  any  specific  measure  in  the  Kasperski  and
Kasperska  data,  and  the  prerequisites  for  measuring  τ  (a
specified  baseline  state  and  a  specified  perturbation
protocol)  have  not  been  established  for  the  genomic  or
cellular domains discussed here.

The neural network approach used by Kasperski and Kasperska is
one of several methods for analyzing evolutionary distances,
and the specific attractor configurations identified depend on



the  choice  of  training  organisms,  the  neural  network
architecture, and the amino‑acid coding scheme. The attractor
interpretation  of  evolutionary  data  is  therefore
model‑dependent.  Furthermore,  whether  the  stable
classification  regions  identified  by  a  neural  network
constitute  attractors  in  the  formal  dynamical  systems
sense—the sense in which the attractor framework uses the
term—is  a  substantive  assumption.  The  parallels  drawn  in
Section 3 are contingent on the validity of this assumption.

The  attractor  framework  is  self‑published  and  has  not
undergone  independent  peer  review.  The  foundational  paper
(Galida, 2026a) was published on fantasyattractor.com in May
2026 and is not archived with a DOI.

5. Falsifiability Conditions
The  following  observations  would  weaken  or  invalidate  the
parallels drawn here:

Disconfirming observation 1: If genome attractors were
shown  to  be  artifacts  of  the  neural  network
architecture rather than genuine properties of genome
space, the basin analogy would fail.
Disconfirming  observation  2:  If  the  distance  factors
separating  genome  attractors  were  shown  to
be  continuous  rather  than  discontinuous,  the
basin‑transition  model  would  be  weakened.
Disconfirming observation 3: If alternative models of
cancer  progression  (e.g.,  purely  stochastic  mutation
accumulation without attractor dynamics) were shown to
explain the data with equal or greater parsimony, the
attractor  interpretation  would  not  be  uniquely
supported.

https://fantasyattractor.com/


Affirmative  prediction:  If  genome  attractors  function  as
basins in the attractor framework’s sense, then experimental
manipulations that increase ROS levels should increase the
probability of attractor transitions (horizontal development)
in a dose‑dependent manner, while manipulations that reduce
ROS should stabilize the current attractor and favor vertical
development.  This  prediction  is  testable  in  cell  culture
models with controlled oxidative stress. It should be noted
that measuring “attractor transition probability” in such an
experiment  requires  specifying  how  the  neural  network’s
classification  scheme  maps  onto  the  experimental
observables—e.g.,  whether  a  transition  is  identified  by  a
shift in the cytochrome b sequence profile as classified by
the trained ANN, or by a proxy measure such as karyotype or
gene expression signature.

Framework  falsifiability:  The  attractor  framework  itself
requires independent falsifiability conditions. Specifically:
(a) if κ, as operationally defined, cannot be correlated with
any  independently  validated  measure  of  system  resilience
across multiple domains (physical, biological, or cognitive),
the framework’s central construct lacks empirical grounding;
(b) if attractor‑like dynamics in cancer progression are shown
to  be  explained  with  equal  or  better  parsimony  by  clonal
evolution models (e.g., standard somatic mutation accumulation
theory as reviewed in Greaves & Maley, 2012) when fitted to
the same genomic data, the attractor framework’s claim to
offer a unified explanatory vocabulary would be weakened.

6. Conclusion
The genome attractor model of Kasperski and Kasperska (2021)
exhibits structural parallels with the attractor framework’s
description  of  basins,  basin  transitions,  and
perturbation‑driven  attractor  shifts.  Their  distinction



between vertical and horizontal cancer development maps onto
the  framework’s  distinction  between  within‑basin  adaptation
and  between‑basin  transition.  The  ROS‑driven  mechanism  of
attractor  destabilization  is  a  molecular  analogue  of  the
framework’s  perturbation  concept.  These  parallels  are
structural  analogies,  not  independent  validation.  The
framework  remains  a  self‑published,  preliminary  research
program.  This  mapping  is  a  contribution  to  its  ongoing
development.
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