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Section 3 The Four Functional Conditions as Entropic-Geometric Functions

3.1 Boundary: Basin Boundary of Life
Sections 1 and 2 established the CUWF definition of life as a self-maintaining BMIR closure: Boundary,
Metabolic Flow, Information Memory, and Feedback Regulation. We now examine these four functional

conditions one by one as expressions of Entropic Geometry. The first condition is Boundary.

In ordinary biological language, boundary is often associated with a membrane, skin, shell, cell wall, or
physical surface. These are important biological examples, but CUWF treats them as projected
manifestations of a deeper principle. Boundary is not merely a material wall. Boundary is the entropic-
geometric separation that allows a living system to distinguish its own internal stability basin from the

external environment.

The central claim of this section is therefore:
B=0B L

where B denotes the boundary function and aB_L denotes the boundary of the living stability basin
B L

In this expression, boundary is not first defined as a physical membrane. It is defined as the edge
condition of a living basin. A membrane may instantiate this edge condition biologically, but the deeper

CUWEF structure is the basin boundary itself.

3.1.1 Boundary as the Condition for Self-ldentity
A living system must be able to maintain a distinction between self and environment. Without such a
distinction, there is no stable identity to preserve, no internal state to regulate, and no meaningful

metabolic exchange across a controlled interface.

]
© 2025 CHAYUT TECHASAMRAN 66



% Paper A-21: Life and Biological Emergence under CUWF www.cuwfcosmos.com

This does not mean that a living boundary must be perfectly closed. In fact, a completely closed
boundary would be incompatible with life, because metabolic flow requires exchange. A living boundary

is semi-permeable, selective, and regulative. It separates without isolating completely.

In CUWF terms, a boundary defines the domain within which the living system maintains its own
entropic-geometric organization. It creates the condition for inside and outside, but it also permits

controlled exchange between them.

Thus, boundary performs two roles at once: it protects identity and enables regulated interaction.

3.1.2 Boundary Is Not Equivalent to a Membrane
A biological membrane is the clearest cellular example of boundary. It separates the interior of a cell
from its external medium, controls transport, maintains ion gradients, and supports biochemical

organization. However, if boundary is defined only as membrane, the concept becomes too narrow.

A multicellular organism also has skin, immune boundaries, vascular boundaries, organ boundaries, and
regulatory boundaries. A nervous system may construct a self-model boundary that separates the
organism’s own body from external objects. A conscious system may even possess a representational

boundary between self-experience and world-experience.

Therefore, in CUWF, membrane is only one biological projection of boundary. The deeper boundary is

the entropic-geometric edge of the living stability basin.

This distinction matters because membrane-like structures can exist without life. A lipid vesicle may
possess a physical boundary, but if it lacks metabolic flow, information memory, and feedback
regulation, it does not qualify as full life. Boundary alone is not life. Boundary becomes a life-function

only when it participates in BMIR closure.

3.1.3 Boundary as Basin Boundary aB_L
Let B_L denote the living stability basin of a system. This basin is the region of entropic-geometric state

space within which the system remains viable as a living system. If the state of the system is X_L, then
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life persists while X_L remains within ‘B_L and while regulatory correction can return deviations back

toward viability.

The boundary of this basin is written as:
0B L

This boundary does not merely describe where a biological object ends in ordinary space. It describes
the threshold beyond which the system can no longer preserve its living organization. A cell may cross
this boundary when its membrane potential collapses, when metabolic gradients fail, or when regulatory
systems can no longer restore internal order. An organism may cross this boundary when systemic

regulation, circulation, respiration, or neural integration irreversibly fails.

Thus, the living boundary is not only spatial. It is functional, regulatory, and entropic-geometric.

3.1.4 Boundary and Viability
The purpose of a living boundary is not only to separate. Its deeper purpose is to preserve viability. A

boundary must allow the system to remain within a range of internal states compatible with life.

For example, a cell membrane controls the movement of ions, nutrients, waste, and signals. It does not
simply mark the edge of the cell; it actively participates in keeping the cell within its viable basin.
Similarly, the skin and immune system of an organism do not merely cover the organism. They help
preserve the organism’s identity by controlling external invasion, material exchange, and self/non-self

discrimination.

In CUWF language, boundary is the condition that makes regulation meaningful. Without boundary,
there is no defined system to regulate. Without regulation, boundary becomes passive structure rather

than living function.

3.1.5 Boundary across Biological Scales

Boundary appears differently at different levels of biological organization. At the cellular level, the
membrane is the primary boundary. At the tissue level, boundary may appear through extracellular
matrix organization, cell adhesion, and compartmental architecture. At the organ level, boundary
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appears through anatomical separation, vascular supply, and functional specialization. At the organism
level, boundary includes skin, immune identity, microbiome regulation, neural body mapping, and

behavioral separation from the environment.

These boundaries are not identical, but they share one CUWF function: they define the viable region of a

living basin and regulate exchange across its edge.

A multicellular organism therefore contains nested boundaries. A cell has its own boundary, but the
organism has a higher integrated boundary. This is why one cell inside the body may be a living
subsystem, while one human life corresponds to the integrated organismic boundary of the whole BMIR

closure.

3.1.6 Boundary as a Functional Gradient, Not a Static Wall
A living boundary should not be imagined as a rigid wall. It is better understood as a functional gradient
that determines what may enter, what may leave, what must be blocked, and what must be recognized.

Boundary is therefore dynamic, not static.

This can be summarized as follows:

Boundary aspect Biological expression CUWF meaning

Physical boundary Cell membrane, skin, wall, Material projection of aB_L
capsule

Chemical boundary lon gradients, pH gradients, Controlled metabolic exchange
selective transport across basin edge

Immunological boundary Self/non-self recognition Protection of organismic identity

Regulatory boundary Homeostatic thresholds Viability limits of the living basin

Cognitive boundary Body map, self-model Higher-order self/environment

distinction

The table shows why boundary must be understood as a multi-layered entropic-geometric function. A
membrane is one expression of boundary, but boundary also includes chemical, regulatory,

immunological, and cognitive forms of self-environment separation.
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3.1.7 Boundary Failure and Loss of Life
Boundary failure is one pathway toward death. When boundary fails, the living system loses the
distinction between internal stability and external disorder. The system may no longer control exchange,

maintain gradients, or preserve its identity.

At the cellular level, membrane rupture, loss of ion gradients, or uncontrolled permeability can destroy
the cell’s living basin. At the organism level, severe breakdown of skin integrity, immune identity, blood-
brain barrier function, circulatory separation, or systemic regulation can destabilize the whole

organismic closure.

However, boundary failure alone is not the full definition of death. Death is the irreversible breakdown of
BMIR closure. Boundary failure becomes fatal when it cannot be corrected by metabolic flow,

information memory, and feedback regulation.

3.1.8 Summary

Boundary is the first functional condition of life because it creates the self-environment distinction
required for identity, exchange, memory, and regulation. In CUWF, boundary is not merely a membrane

or physical surface. It is the entropic-geometric boundary of the living stability basin:
B=0B L

A boundary may appear biologically as a membrane, skin, immune identity, regulatory threshold, or self-
model boundary. But its deeper function is the same: to define and maintain the viable basin of a living

system.

Boundary alone is not life. A vesicle, membrane fragment, or dead cell may retain boundary-like
structure without being alive. Boundary becomes a living function only when it participates in the full

BMIR closure with metabolic flow, information memory, and feedback regulation.

3.2 Metabolic Flow: Regulated Flux Maintaining the Basin
Section 3.1 defined Boundary as the basin boundary of life: the entropic-geometric separation between
the living system and its environment. This boundary is necessary, but it is not sufficient. A closed
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boundary without regulated exchange becomes isolation, not life. A living system must remain open
enough to receive support from the environment, yet regulated enough to prevent its own organization

from dissolving. This is the role of Metabolic Flow.

In ordinary biology, metabolism is often described as the set of biochemical reactions that convert
nutrients into usable energy, build cellular components, remove waste, and sustain physiological
function. CUWF accepts this biological description, but places it within a deeper entropic-geometric
frame. In CUWF, metabolism is not merely chemical conversion. It is the regulated flux that maintains the

living stability basin against decay.
The central statement of this section is:
M= CD_met across aB_L

where M denotes the Metabolic Flow condition, CD_met denotes the regulated metabolic/coherence flux,

and aB_L denotes the boundary of the living stability basin.

Metabolism is therefore the flow-function of life. It allows the living basin to remain dynamically

maintained rather than statically preserved.

3.2.1 Metabolic Flow Is Not Mere Chemical Activity

A chemical reaction alone is not metabolism in the CUWF sense. Fire has fuel flow. A crystal may grow
by incorporating material. A reaction network may transform one molecular species into another. Yet
these processes do not automatically constitute living metabolism, because they do not necessarily

maintain an integrated BMIR closure.

Metabolic Flow becomes life-relevant only when the flux serves the preservation of a living stability
basin. The flow must be regulated by boundary, guided by information memory, and corrected by
feedback regulation. Therefore, metabolism is not defined by reaction activity alone, but by its role within

the living closure.
A useful distinction is:

chemical flow = transformation of matter or energy
|
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metabolic flow = regulated transformation that maintains living closure

This distinction is essential. Without it, one might mistakenly classify flames, chemical oscillators, or
catalytic cycles as life simply because they have dynamic flow. CUWF avoids this by requiring that flow

be integrated into BMIR closure.

3.2.2 Flow Across the Boundary

Metabolic Flow must cross the boundary of the living basin. A living system is not a sealed object. It is
an open system that continually exchanges matter, energy, entropy, and coherence with its

environment. However, this exchange is not random. It is filtered and regulated across the boundary.

The boundary aB_L distinguishes inside from outside. Metabolic Flow ®_met determines what
crosses that boundary, how it is transformed, and how it contributes to the maintenance of the internal

living geometry.
M= CD_met(inside & outside) across aB_L

In biological terms, this includes nutrient uptake, respiration, photosynthesis, ion transport, circulation,
waste removal, heat dissipation, and molecular turnover. In CUWF terms, these are biological

projections of a deeper process: regulated flux through the living basin boundary.

A living boundary is therefore not a wall. It is a selective interface. It must permit exchange while
preserving identity. If it permits no exchange, the system cannot maintain itself. If it permits uncontrolled
exchange, the system loses its internal organization. Metabolic Flow is the controlled middle condition

between isolation and dissolution.

3.2.3 Metabolism as Maintenance of Living Geometry

The living stability basin B_L is not a static container. It must be continually maintained. Molecular
structures decay, gradients dissipate, membranes leak, proteins unfold, DNA is damaged, and
environmental perturbations push the living system away from viability. Metabolic Flow provides the

continuous support required to resist this drift.

In CUWF, the living system remains viable when its state X_L remains inside the living basin:

]
© 2025 CHAYUT TECHASAMRAN 72



% Paper A-21: Life and Biological Emergence under CUWF www.cuwfcosmos.com

XLEB L

Metabolic Flow helps keep X_L within this basin by supplying usable gradients and exporting disorder.

In a simplified dynamical expression introduced in Section 2.5:
DAXL=—KV_EV.L+® met+¢&

Here, —KV_E V_L represents feedback-guided restoration toward viability, CD_met represents
metabolic support, and E represents perturbation or noise. Without D_met, feedback regulation may
have no available resources with which to restore the system. In this sense, metabolism supplies the

operational capacity of regulation.

Metabolism is therefore not merely a source of energy. It is the flux that keeps the geometry of life

repairable, responsive, and viable.

3.2.4 Entropy Export and Coherence Support
A living system maintains local organization while remaining consistent with the second law of
thermodynamics. It does not reduce total entropy in isolation. Instead, it sustains internal coherence by

exporting entropy to its environment.

In CUWF language, Metabolic Flow has two complementary roles. It imports usable gradients that
support living organization, and it exports disorder produced by maintenance, repair, and biochemical
activity. The living system remains ordered locally because the larger environment absorbs the entropy

cost.
This can be expressed schematically as:
D met= CD_in(coherence / usable gradient) — (D_out(entropy/waste / disorder)

The signs in this expression are conceptual rather than merely arithmetic. The living system must draw
from environmental gradients and release entropy outward. Without this outward release, internal

disorder accumulates. Without usable input, organization cannot be repaired.
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Thus, Metabolic Flow is the entropy-gradient engine of living maintenance. It does not create life by

itself, but it makes sustained living closure physically possible.
3.2.5 Photosynthesis as an Example

Photosynthesis provides a clear example. A plant does not become alive simply because light enters it.
Light alone is not life. Rather, the plant uses sunlight as an external gradient and converts it into

biochemical flow capable of maintaining its living BMIR closure.

The process may be described in ordinary biological terms as light absorption, electron transport,
carbon fixation, sugar production, growth, repair, and energy storage. In CUWF terms, the same

process is a regulated conversion of external gradient into living-basin maintenance.
sunlight gradient — q)_met — maintenance of B_L

Photosynthesis supports life because the resulting metabolic flow participates in boundary maintenance,
information-guided construction, and feedback-regulated viability. If light produces chemical reactions
without BMIR closure, the result is chemistry. If light-driven flow maintains a self-regulating living basin,

the result is life.

Therefore, photosynthesis does not create life by energy input alone. It supports life by converting an

external gradient into Metabolic Flow that maintains the plant’s BMIR closure.

3.2.6 Metabolic Failure and Basin Collapse

The importance of Metabolic Flow becomes clearest when it fails. If metabolic exchange stops, the living
system can no longer maintain gradients, repair damage, preserve boundary integrity, or support
feedback regulation. The system may still contain biological material, but the living closure begins to

collapse.

For example, when respiration stops in an animal, oxygen delivery fails, ATP production collapses, ion
gradients dissipate, membrane potentials degrade, and regulatory networks lose effectiveness. The
matter remains, and many molecules remain temporarily intact, but the living entropic-geometric system
is no longer self-maintaining.
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This does not mean death is identical to the absence of metabolism alone. Death is the irreversible

collapse of BMIR closure. However, failure of Metabolic Flow is one major path by which closure fails.

3.2.7 Summary
Metabolic Flow is the second functional condition of life in the BMIR framework. It is not mere chemical
activity, fuel consumption, or reaction flow. In CUWF, Metabolic Flow is the regulated flux across the

living boundary that maintains the living stability basin.

The core relation is:
M = (D_met across aB_L

Through Metabolic Flow, the living system imports usable gradients, transforms matter and energy,
supports repair, preserves coherence, and exports entropy. It allows the system to remain dynamically

organized rather than passively structured.

Metabolism alone is not life. But without Metabolic Flow, life cannot remain alive. In the CUWF
framework, metabolism is the regulated flux by which Entropic Geometry keeps the living basin from

dissolvin

3.3 Information Memory: Constraint Geometry
Section 3.1 defined Boundary as the basin boundary of life, the entropic-geometric separation between
self and environment. Section 3.2 defined Metabolic Flow as the regulated flux across that boundary that

maintains the living basin. We now turn to the third functional condition of life: Information Memory.

In ordinary biological language, information is often associated with DNA, RNA, genes, genetic code,
protein sequences, cellular signaling, or inherited traits. These descriptions are useful, but they can
make information appear as if it were merely stored data. CUWF adopts a deeper interpretation.
Information Memory is not data alone. It is constraint geometry: a persistent pattern that guides how the

living system builds, repairs, regulates, reproduces, and adapts its own organization.
The central CUWF statement is:

| = C_L[G_E]
. _________________________________________________________________________________________________|
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where | denotes Information Memory, C_L denotes the living constraint pattern, and G_E denotes the

Entropic Geometry of the living system.

This equation means that biological information is not simply a symbolic record. It is a constraint pattern
embedded within, and acting through, the entropic geometry of the living basin. A living system
remembers not only by storing symbols, but by preserving the rules by which its own geometry can be

maintained, corrected, reconstructed, and continued.

3.3.1 Information Is Not Merely Data

A sequence of bases in DNA may be represented as information. A protein sequence may be
represented as information. A neural state, immune memory, epigenetic mark, or cellular signaling
pattern may also carry information. However, CUWF distinguishes between passive data and living

information.

Passive data can exist without life. A written genome in a database, an isolated DNA strand in a tube, or
a protein sequence printed on paper may preserve symbolic structure, but such data does not regulate
a living basin by itself. It does not repair boundaries, maintain metabolic flow, or restore a system toward
viability.

Living information is different. It participates in organization. It constrains what the living system can
become, how it responds to perturbation, how it rebuilds damaged structure, and how it maintains

continuity across change.

Therefore, in CUWF, Information Memory is defined as an active constraint pattern, not merely stored
data. It is information because it shapes the future evolution of the living basin. It is memory because it

preserves organizational continuity across time, perturbation, repair, reproduction, and adaptation.

3.3.2 Information as Constraint Geometry

The term constraint geometry is essential. In CUWF, a living system is represented as a state X_L within
a living stability basin ‘B_L. The basin does not remain viable by chance. It is constrained by patterns
that define which structures are admissible, which flows are useful, which repairs are possible, and

which deviations must be corrected.
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Information Memory is the part of the living system that preserves these constraints. It tells the system, in

physical form, how to remain itself.
This can be written as: | = C_L[G_E]

This expression does not imply that information floats above matter. It means that the living constraint
pattern C_L is expressed through the Entropic Geometry G_E of the living system. In biological
projection, this may appear as DNA, RNA, proteins, epigenetic marks, cellular organization, neural

memory, or immune memory. At the CUWF level, these are different forms of constraint geometry.

A system may contain chemical patterns, but unless those patterns constrain the maintenance of a living

basin, they are not yet Information Memory in the full biological sense.

3.3.3 DNA as Long-Term Constraint Memory

DNA is the most familiar example of biological information. In CUWF, DNA is not treated as life itself. It is
a long-term constraint memory system. Its role is to preserve structural and functional instructions that

participate in the maintenance, repair, reproduction, and adaptation of living organization.

A DNA molecule alone is not alive because it does not independently form BMIR closure. It does not
maintain its own metabolic flow. It does not regulate itself back into a viable basin. It does not form an
autonomous living boundary. However, inside a living cell, DNA participates in the larger closure by

providing constraint memory for the system.

Thus, DNA is not the source of life by itself. It is one of the main memory structures through which life

preserves organizational continuity.
In CUWF terms:
DNA C C_L[G_E]

This means that DNA is part of the living constraint geometry, not the whole of life. Life requires DNA-like

memory only when that memory is embedded within the full BMIR closure of a living system.

3.3.4 Beyond DNA: Multi-Layered Biological Memory
Information Memory in living systems is not limited to DNA. A living organism preserves organization
across multiple layers. These layers may include genetic memory, epigenetic memory, cellular state
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memory, immune memory, neural memory, behavioral memory, and ecological or developmental

memory.

Each of these layers functions as constraint geometry at a different scale. Genetic memory preserves
long-term inherited structure. Epigenetic memory modulates how that structure is expressed under
environmental conditions. Cellular memory preserves internal state. Immune memory records previous
encounters. Neural memory preserves experience and learning. Behavioral memory shapes future

action.

This multi-layered structure is especially important for multicellular organisms. A human organism is not
maintained by DNA alone. It is maintained by nested information systems distributed across cells,

tissues, organs, nervous systems, immune systems, and behavioral patterns.

Therefore, CUWF treats Information Memory as a scale-dependent constraint architecture rather than a

single molecule or code.

Memory layer

Biological projection

CUWEF interpretation

Genetic memory

DNA sequence

Long-term constraint pattern

Epigenetic memory

Methylation, chromatin state

Adaptive modulation of

constraint access

Cellular memory

Cell state, signaling history

Local basin-state preservation

Immune memory

Antibody / immune cell memory

Recognition constraint for

self/non-self defense

Neural memory

Synaptic and network patterns

Experience-based dynamic

constraint geometry

Behavioral memory

Learned action patterns

System-level regulatory memory

3.3.5 Information Memory Must Participate in BMIR Closure

Information Memory becomes life-relevant only when it participates in BMIR closure. This is a crucial

distinction. Information alone is not life. A genome stored in a laboratory freezer is not a living system. A

database containing a complete genome is not a living system. A virus outside a host may contain
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strong information memory, but without autonomous metabolic flow and feedback regulation, it does not

qualify as full autonomous life under the CUWF definition.

The condition is not merely whether information exists. The condition is whether information participates

in a self-maintaining closure with Boundary, Metabolic Flow, and Feedback Regulation.

Therefore:
| alone # L
L=1 only if | participates in Closure_G_E(B, M, I, R)

This is why biological information must be understood as active, embodied, and system-integrated. It is

not simply a code. Itis a constraint geometry functioning inside a living basin.

3.3.6 Information Memory and Repair

A major reason Information Memory is necessary for life is repair. A living system is continuously
perturbed by noise, damage, environmental fluctuation, metabolic by-products, molecular error, and
structural wear. Without memory, the system could not distinguish its viable pattern from a damaged or

drifting state.

In CUWF terms, Information Memory provides the reference structure by which the system can restore
its living basin after perturbation. Feedback Regulation requires a target. Information Memory provides

that target in the form of constraint geometry.
The relationship may be expressed as:
R uses | to restore X_L toward B_L
or more explicitly:
= —V_E V_L guided by C_L[G_E]

This means that feedback regulation is not blind correction. It is correction guided by memory. The living
system does not merely move away from instability; it moves back toward a remembered viable

organization.
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3.3.7 Information Memory and Reproduction

Information Memory is also necessary for reproduction, but reproduction alone should not be confused
with life. A living system may reproduce because it possesses constraint memory capable of guiding the
construction of another similar living closure. However, the ability to reproduce is not the only definition

of life, and some living systems may be temporarily non-reproductive while remaining alive.

In CUWF, reproduction is best interpreted as the transfer or reconstruction of living constraint geometry
into a new BMIR-capable system. The offspring is not merely a copy of matter. It is a new living closure
built from inherited constraint memory, environmental resources, metabolic flow, and regulatory

development.

Thus, Information Memory does not define life alone, but it allows living organization to persist beyond

one physical instance.

3.3.8 Summary

Information Memory is the third functional condition of life under CUWF. It is not merely data, code, or
symbolic storage. It is the constraint geometry that preserves the organizational pattern of a living

system and guides its maintenance, repair, reproduction, adaptation, and regulation.
The core expression is:
| = C_L[G_E]

DNA is an important form of Information Memory, but DNA alone is not life. Proteins, epigenetic states,
immune memory, neural memory, and behavioral patterns may also participate in Information Memory at
different scales. What matters is not the presence of information alone, but whether that information is

integrated into BMIR closure.

A living system requires Information Memory because it must preserve identity across change. Without
memory, there is no stable organizational pattern to maintain, repair, reproduce, or regulate. In CUWF,

life remembers by preserving the constraint geometry of its own living basin.

]
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3.4 Feedback Regulation: Curvature-Guided Return to Viability

The fourth functional condition of life is Feedback Regulation. Boundary defines the separation between
the living system and its environment. Metabolic Flow sustains the living basin through regulated
exchange. Information Memory preserves the constraint pattern by which the system can organize,
repair, and reproduce its structure. Feedback Regulation completes the living architecture by allowing

the system to detect deviation and return toward viability.

In ordinary biological language, feedback appears as homeostasis, repair, stress response, immune
regulation, cell-cycle control, neural regulation, endocrine regulation, wound healing, and many other
corrective processes. In CUWF, these are not separate phenomena added onto life from outside. They
are biological projections of one deeper mechanism: basin-restoration dynamics within Entropic

Geometry.
The central statement of this section is therefore simple:

Feedback Regulation is the curvature-guided correction process that restores a living system toward its

viable stability basin.
In symbolic CUWF notation, Feedback Regulation is written as:
R=-V_EV.L

where R denotes the regulatory correction function, V_Eis the entropic-gradient operator, and V_L is
the viability potential associated with the living stability basin. The negative gradient indicates that
regulatory dynamics act in the direction that reduces deviation from viability and pulls the system back

toward the basin of life-maintaining states.

3.4.1 Feedback Is Not Mere Response
A living system does not merely react. A stone may move when pushed. A flame may flicker when
disturbed. A chemical reaction may shift when a reagent is added. These are responses, but they are

not yet feedback regulation in the living sense.
|
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Feedback Regulation requires more than response. It requires comparison between the current state
and a viable range, detection of deviation, and corrective action that restores the system toward a
stability basin. In other words, the system must not only change when perturbed; it must change in a

way that protects its living identity.

This distinction is crucial for A-21. A non-living system may relax toward equilibrium. A living system
actively regulates toward viability. Physical relaxation and biological feedback may appear superficially
similar, but their entropic-geometric meanings differ. Relaxation moves a system toward passive
equilibrium. Feedback Regulation restores a living system toward an actively maintained non-equilibrium

basin.

3.4.2 Feedback as Basin-Restoration Dynamics
The living stability basin ‘B_L introduced earlier represents the viable region of the system’s entropic-
geometric state space. As long as the state X_L remains within B L, and as long as correction

pathways remain active, the system can preserve its living organization.

Perturbations constantly push the living system away from its preferred viability region. These
perturbations may come from temperature change, nutrient shortage, toxin exposure, infection, oxidative
stress, molecular damage, genetic error, mechanical injury, or internal noise. If the system cannot

correct these deviations, the living basin destabilizes.

Feedback Regulation is the process by which the system detects such deviation and drives X_L back

toward B_L. The general living-state equation can therefore be read as:
DAXL=-KVEVL+® met+&

Here, X_L is the living system state, KV_EV_Lis the regulatory correction toward viability, D_metis
the metabolic flux supporting restoration, and E represents perturbation or noise. Life persists when the
corrective and metabolic terms can overcome destabilizing perturbations strongly enough to keep X_L

within the viable basin.

]
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3.4.3 The Meaning of R=-V_EV L

The expression R = -V_E V_L is not intended to reduce all biological regulation to a single literal force.
Rather, it captures the formal CUWF meaning of regulation: a living system possesses a viability
landscape V_L, and deviations from viable organization generate corrective tendencies along the

entropic geometry of that landscape.

The term V_E V_L represents the direction in which viability potential changes most strongly within
Entropic Geometry. The negative sign indicates that regulation acts against destabilizing deviation. In a
living system, feedback does not randomly move the system. It moves the system toward the region

where BMIR closure can continue.

Thus, Feedback Regulation is curvature-guided because the structure of the viability landscape
determines which corrections are possible, which corrections are efficient, and which perturbations
cannot be recovered from. A system with strong regulatory curvature has robust pathways back toward

viability. A system with weakened curvature may drift, destabilize, or fail to recover.

3.4.4 Biological Examples of Feedback Regulation
At the cellular level, feedback appears in ion regulation, pH regulation, protein-folding correction, DNA
repair, membrane transport regulation, cell-cycle checkpoints, and stress-response pathways. Each

case involves detection of deviation and correction toward a viable cellular state.

At the organism level, feedback appears in body-temperature regulation, blood glucose regulation,
blood pressure control, immune response, wound healing, hormonal balance, sleep-wake regulation,
and neural control of behavior. These are not isolated mechanisms. They are nested regulatory

pathways supporting the organism-level living basin.

For example, when blood glucose rises, insulin-mediated regulation helps return the organism toward
metabolic viability. When tissue is damaged, wound-healing pathways attempt to restore boundary
integrity. When infection occurs, immune regulation attempts to distinguish self from non-self and restore

organismic stability. In each case, the biological detail differs, but the CUWF pattern is the same:

© 2025 CHAYUT TECHASAMRAN 83




% Paper A-21: Life and Biological Emergence under CUWF www.cuwfcosmos.com

deviation is detected, correction is activated, and the living system is guided back toward a viable

basin.

3.4.5 Feedback Regulation Completes BMIR Closure

Feedback Regulation is the condition that prevents Boundary, Metabolic Flow, and Information Memory
from remaining passive components. Without Feedback Regulation, a boundary may exist but cannot be
repaired. A metabolic flow may occur but cannot be adjusted. Information may be stored but cannot be
used to correct the system. A structure may persist temporarily but cannot actively preserve its living

identity.

This is why R completes the BMIR architecture. Boundary creates inside/outside distinction. Metabolic
Flow maintains the system through exchange. Information Memory stores the organizational constraint
pattern. Feedback Regulation uses that memory and flow to restore the boundary and the internal state

after perturbation.

The closure can be expressed schematically as:

B—>M—>1—>R—>B

This loop is not merely a sequence. It is a closed functional architecture. R acts back on B, M, and | by
restoring boundary integrity, adjusting metabolic flow, and using information memory to guide

correction. Without R, the system cannot maintain closure under real-world disturbance.

3.4.6 Feedback versus Equilibrium
A living system does not simply seek thermodynamic equilibrium. In many biological contexts, complete
equilibrium would mean death. Life is a maintained non-equilibrium condition: a dynamic stability

sustained by boundary, flow, memory, and regulation.

Feedback Regulation therefore does not push the system toward inert equilibrium. It pushes the system
toward viable non-equilibrium organization. This distinction is essential. A dead body may gradually
approach thermodynamic equilibrium with the environment, but it is no longer regulating itself as a living
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basin. It may still contain biological material, but it no longer possesses active basin-restoration

dynamics.

In CUWF terms, life persists not because the system avoids entropy entirely, but because it regulates
entropic flow in a way that preserves organized entropic-geometric complexity. Feedback is the
correction mechanism that keeps this organized complexity from dissolving into disorganized

thermodynamic entropy.

3.4.7 Feedback Failure and Loss of Viability

When Feedback Regulation weakens or fails, the living system may remain biological but begins to lose
viability. Disease can be interpreted as partial distortion of the living basin or partial failure of regulatory
return. Aging can be interpreted as accumulated weakening of correction, repair, and stability-
maintenance pathways. Death occurs when BMIR closure irreversibly collapses and R can no longer

restore the system toward viability.

This interpretation does not deny the detailed mechanisms of pathology. Instead, it gives them a CUWF-
level meaning. Different diseases may affect different biological pathways, but many of them can be

understood as failures in the ability of the system to regulate itself back toward its viable stability basin.

Thus, Feedback Regulation is not merely one biological feature among many. It is the dynamic condition

that allows a living system to remain living despite perturbation, damage, and environmental change.

3.4.8 Summary

Feedback Regulation is the fourth functional condition of life in the BMIR framework. It is not mere
response, and it is not passive relaxation. It is the curvature-guided correction process that detects

deviation and restores the living system toward its viable stability basin.
In CUWF notation:

R=-VEvVL
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This expression means that regulation acts as a return pathway within Entropic Geometry. Feedback
Regulation completes the BMIR closure because it allows the living system to correct, repair, and

preserve its own entropic-geometric identity under disturbance.

In final form:

Feedback Regulation is basin-restoration dynamics: the living system’s capacity to return itself toward

viability when perturbation pushes it away from its stability basin.

3.5 BMIR Closure as Circular Entropic-Geometric Closure

Sections 3.1-3.4 defined the four functional conditions of life in CUWF terms. Boundary is the basin
boundary of the living system. Metabolic Flow is the regulated flux that maintains the basin. Information
Memory is the constraint geometry that preserves and guides organization. Feedback Regulation is the
curvature-guided restoration process that returns the system toward viability. We can now state the most
important point: these four conditions do not form life by standing side by side. They form life only when

they close into one circular entropic-geometric system.

The BMIR structure is therefore not a list. It is a closure. A system may contain a boundary, chemical
flow, informational pattern, or feedback response in isolation, but it does not become a living system
until these functions become mutually sustaining within one living stability basin. In CUWF language, life
begins when Boundary, Metabolic Flow, Information Memory, and Feedback Regulation become co-

dependent projections of one living Entropic Geometry.
The core circular relation may be expressed as:

B—M—>1—>R—B

This circular sequence should not be interpreted as a strict chronological sequence. It is better
understood as a functional closure: Boundary permits regulated exchange; Metabolic Flow maintains
structure; Information Memory constrains and directs the organization of that flow; Feedback Regulation
corrects deviation; and the corrected system preserves the Boundary again. The loop closes because

each function sustains the others.

]
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3.5.1 Why BMIR Must Be Circular

A living system cannot be built by simply adding four components together. A membrane added to a
chemical reaction does not automatically produce life. A DNA sequence added to a vesicle does not
automatically produce life. A feedback loop added to a machine does not automatically produce
biological life. The difference between a collection of components and a living system is circular

dependence.

Boundary is meaningful for life only if it regulates exchange. Metabolic flow is meaningful only if it
preserves the boundary and internal organization. Information memory is meaningful only if it constrains
the system’s maintenance, repair, and reproduction. Feedback regulation is meaningful only if it restores

the system toward the same organized identity. Therefore, BMIR is not additive. It is circular.

In CUWF terms, the four functions must belong to the same living stability basin. If they operate
separately, the system may be complex, organized, or biological, but it remains below the threshold of

full life.

3.5.2 Boundary Supports Metabolic Flow

The first link in the closure is Boundary to Metabolic Flow. A living boundary does not merely separate
inside from outside. It creates the condition for regulated exchange. Without a boundary, there is no
controlled internal environment. Without controlled exchange, there is no metabolism in the living sense,

only uncontrolled chemical diffusion.

In CUWF notation, Boundary is expressed as:
B=0B L

The boundary aB_L defines where regulated exchange can occur. Metabolic Flow then becomes flux

across this boundary rather than uncontrolled leakage:

M = q)_met across aB_L
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Thus, Boundary and Metabolic Flow are already coupled. Boundary without regulated flow becomes
isolation or inert containment. Flow without boundary becomes dissipation without self-maintenance. Life

requires both together.

3.5.3 Metabolic Flow Supports Information Memory

The second link is Metabolic Flow to Information Memory. Information memory cannot remain physically
meaningful unless the system supplies the material and energetic conditions required to preserve, read,
repair, and execute that memory. DNA alone is not life because stored sequence is not enough. The
sequence must be maintained, interpreted, replicated, protected, and coupled to the system’s ongoing

organization.
In CUWF terms, Information Memory is constraint geometry:
| = C_L[G_E]

Metabolic Flow sustains the physical substrate through which C_L[G_E] can remain active. Without flow,
information memory becomes inert or decays. A genome in a dried tube may preserve sequence
information, but it does not regulate a living basin by itself. Therefore, information becomes living

information only when metabolic flow keeps it functionally embedded within closure.

3.5.4 Information Memory Guides Feedback Regulation

The third link is Information Memory to Feedback Regulation. Feedback is not merely reaction. A system
must know, in some encoded or embodied way, what counts as deviation and what counts as
restoration. This standard of restoration comes from constraint memory. The system cannot return to

viability unless its internal organization contains a rule, pattern, or constraint that defines viable form.

For a living system, information memory provides the reference structure for correction. DNA repair,
protein quality control, immune discrimination, stress response, and developmental regulation all

depend on some remembered or encoded pattern of what the system must preserve.

3.5.5 Feedback Regulation Restores Boundary
The fourth link is Feedback Regulation to Boundary. When perturbation occurs, boundary integrity is
often the first line of living identity. A cell membrane may be damaged, ion gradients may shift, osmotic

]
© 2025 CHAYUT TECHASAMRAN 88



% Paper A-21: Life and Biological Emergence under CUWF

www.cuwfcosmos.com

balance may be disrupted, or immune boundary may be challenged. Feedback Regulation restores the

system toward viability by correcting these deviations.

In CUWF terms, Feedback Regulation is curvature-guided return toward the viability basin:

R==VEVL

This restorative function closes the loop. Feedback does not merely respond to disturbance; it helps

preserve the same boundary, flow, and memory architecture that made the system alive in the first

place. If R fails, the loop breaks. If the loop breaks irreversibly, death occurs as collapse of living

closure.

3.5.6 BMIR Closure Table

The circular structure can be summarized as follows:

boundary

self-environment

distinction

Closure Link CUWE Function Biological Meaning Failure Mode
B—M Boundary enables Membrane/skin/interface | Uncontrolled leakage
regulated flux controls exchange or isolation
M—> Flow maintains Metabolism preserves Inert or decaying
memory substrate and activates information
information
|—R Memory guides Constraint pattern Blind reaction without
correction defines restoration viability reference
target
R—B Feedback restores Homeostasis repairs Boundary failure and

loss of identity

3.5.7 Closure, Not Components

This circular interpretation explains why each BMIR condition is necessary but insufficient by itself.

Boundary alone may produce a compartment, but not life. Metabolic flow alone may produce fire,

turbulence, or chemical circulation, but not life. Information memory alone may produce DNA, a
________________________________________________________________________________
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sequence, or a code, but not life. Feedback regulation alone may produce a thermostat or control

system, but not biological life.

Life requires closure, not components. The four functions must refer to the same system, maintain the
same basin, and participate in the same self-preserving architecture. This is why biological material is

not necessarily alive and why organized matter is not automatically living.

3.5.8 BMIR as One Living Entropic Geometry

The deepest interpretation is that BMIR is not four separate mechanisms attached to a system from
outside. BMIR is the biological-level projection of one living Entropic Geometry. Boundary, Metabolic
Flow, Information Memory, and Feedback Regulation are four ways in which the same entropic-

geometric system expresses self-maintenance.

Therefore, the central statement of this section is:

B, M, I, and R are co-dependent projections of one living Entropic Geometry.

This statement is the transition from biological description to CUWF ontology. At the biological surface,
we see membrane, metabolism, genetic information, and regulatory loops. At the CUWF level, these are

the boundedness, flow, constraint, and restoration functions of one self-maintaining living stability basin.

3.5.9 Summary
BMIR closure is circular, not additive. Boundary, Metabolic Flow, Information Memory, and Feedback

Regulation form life only when they mutually sustain one another within the same living stability basin.

The circular relation can be expressed as:

B—M—>1—>R—B

Boundary enables controlled flow. Flow maintains the substrate of memory. Memory guides feedback.
Feedback restores the boundary and the whole living basin. If this loop is absent, the system may be

physical, chemical, biological, or organized, but it is not full life in the CUWF sense.
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Thus, the BMIR framework does not define life as a list of traits. It defines life as circular entropic-

geometric closure: one bounded, flow-maintained, memory-constrained, feedback-restored architecture

capable of preserving itself as a living system.
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