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Abstract

Scientific laws describe system behavior but remain structurally indifferent to persistence.
Collapse frequently occurs without violation of governing equations. This paper proposes the
Law of Alignment as a domain-independent viability constraint governing structured, capacity-
limited systems. The Law formalizes a stock—flow condition in which net change must remain
proportionally coupled to integrative capacity. A deviation metric and normalized alignment index
are introduced to quantify structural imbalance relative to viability baselines. Formal boundedness
analysis demonstrates that persistent nonzero deviation generates unbounded trajectories in
finite-capacity systems. A stochastic framework illustrates probabilistic collapse dynamics under
sustained misalignment. Explicit falsifiability criteria and cross-domain operational definitions
are specified.

1 Conceptual Framework: Viability as a Structural Condition

1.1 Lawfulness and Behavioral Description

At their core, scientific laws express invariant relations between variables. They describe how systems
respond to inputs, constraints, and environmental conditions. Whether formulated mathematically
or conceptually, laws specify conditional structures: given certain parameters, certain outcomes
follow.

However, these relations do not privilege persistence over collapse. A law applies equally to
trajectories that sustain a system and to trajectories that terminate it. From the standpoint of
lawfulness, growth and decay are symmetric outcomes.

This symmetry reveals the limitation of law-centered explanation. While laws describe behavioral
regularities, they do not determine whether structured systems remain viable.

1.2 Collapse as Lawful Outcome

Collapse is frequently interpreted as failure—of regulation, management, or design. Yet collapse is
often the lawful outcome of persistent imbalance.



Examples include:

e Structural failure when load exceeds material capacity.
e Biological breakdown when metabolic demand exceeds regulatory limits.
e Financial collapse when leverage exceeds liquidity resilience.

e Cognitive burnout when demand exceeds recovery capacity.

In each instance, governing laws remain intact. Collapse does not represent a breakdown of
lawfulness; it reflects the execution of lawful relations under structurally misaligned conditions.
The explanatory gap lies not in the absence of laws, but in the absence of a viability constraint

governing how flows relate to capacity.

1.3 Viability as Integrative Capacity

Every structured system possesses finite integrative capacity—the ability to process, regulate,
distribute, and dissipate accumulated load. When accumulation persistently exceeds integrative and
distributive capacity, distortion and instability increase. When accumulation falls below maintenance
thresholds, dissipation and decline follow.

Viability therefore depends on proportional coupling between accumulation and dissemination
relative to integrative capacity. This coupling constitutes alignment.

The next section formalizes this relationship mathematically.

2 Formal Definition and Mathematical Formulation

2.1 System Definition and Boundary Conditions

Consider a bounded system S characterized by a measurable stored quantity S(t), representing
accumulated structure, energy, capital, informational load, or other domain-relevant stock. The
system exchanges flows with its environment and undergoes internal transformation processes.

The temporal evolution of S(t) is defined by:

s

i I(t) + Aine(t) + Ther(t) — [O(t) + Ding(t)] (1)

Where:
e S(t): Stored quantity at time ¢

e I(t): External inflow

Aint(t): Internal accumulation or transformation contributing to storage

Thet(t): Net transfer between interconnected systems

O(t): External output



e Djni(t): Internal dissemination, dissipation, or release

This formulation is structurally equivalent to a generalized stock—flow model. However, the Law
of Alignment does not rest on the identity itself, but on the proportional coupling between flows
and integrative capacity.

2.2 Integrative Capacity

Define C(t) as the system’s integrative capacity—the maximum sustainable processing, regulatory,
and distributive ability at time .
Integrative capacity may be:

e Material (load-bearing tolerance)
e Metabolic (regulatory resilience)

e Financial (liquidity buffers)

e Cognitive (processing bandwidth)

e Informational (entropy regulation)

While C(t) is domain-dependent, it is finite in all structured systems.

2.3 Viability Baseline

Define a viability baseline B(t) representing the rate of change in S(¢) compatible with sustainable
persistence under current capacity:

B(t) = f(C(1)) (2)

Where f specifies the domain-specific mapping between capacity and sustainable net change.
In steady-state systems, B(t) =~ 0.

In growth-permissive systems, B(t) > 0 within bounded limits.

In depletion phases, B(t) < 0 may be viable within recovery thresholds.

2.4 Deviation from Alignment

Define deviation:

A =%~ ) 3

Persistent deviation A(t) # 0 indicates imbalance relative to viability conditions.

e A(t) > 0: Accumulation exceeds sustainable threshold.

e A(t) < 0: Dissemination exceeds sustainable threshold.



2.5 Normalized Alignment Metric

To allow cross-domain comparison, define normalized alignment:

_ [A(®)]
a -+ wilFi(t)]

L(t)=1
Where:
e Fj(t) represent absolute magnitudes of all system flows
e w; > 0 are predefined domain weights
e o > () prevents singularity
L(t) is bounded above by 1.
e L(t) ~ 1: High alignment (flows proportional to viability baseline)
e L(t) — 0: Severe misalignment
e L(t) < 0: Deviation exceeds flow magnitude scale (structural instability)

Weights w; must be fixed prior to empirical evaluation to avoid post-hoc fitting.

2.6 Alignment Condition

The Law of Alignment states:
A system remains viable over time if and only if persistent deviation A(¢) remains bounded
within integrative capacity constraints.
Formally:
[A()] < e(C(1)) (5)
Where €¢(C(t)) is a domain-defined tolerance threshold proportional to integrative capacity.
Persistent violation increases probability of collapse events.

2.7 Distinction from Conservation Identities

The equation for % alone expresses conservation accounting. The Law of Alignment differs in that
it:

e Introduces a viability baseline B(t) tied to integrative capacity
e Defines bounded deviation conditions

e Normalizes misalignment through a cross-domain metric

e Specifies probabilistic instability under persistent imbalance

The Law does not claim novelty in conservation relations; its claim lies in formalizing viability

as a cross-domain structural constraint.



3 Falsifiability Criteria and Testable Predictions

A structural claim achieves scientific standing only if it can be falsified under defined conditions.
The Law of Alignment is therefore formulated in a manner that permits empirical refutation.
3.1 General Falsifiability Condition

The Law would be falsified if systems exhibiting persistent deviation A(¢) beyond integrative
tolerance thresholds do not show statistically significant increases in instability, collapse probability,
or structural degradation relative to aligned systems.

Formally, let Z(t) denote an instability index (domain-specific), and let A(¢) represent deviation
from baseline. The Law predicts:

Pt +7)|[A{)] >€) > PZ(t+7) | |A{)] <€) (6)

If empirical observation fails to demonstrate increased instability under sustained misalignment

across domains, the Law does not hold.

3.2 Persistence Threshold Condition

The Law does not claim that short-term deviation leads to collapse. Systems exhibit regulatory
buffering and adaptive responses. The falsifiable claim concerns persistent imbalance.
Let T denote a defined temporal window. If:

t+T
/t IA(s)lds > ©(C) (7)

where O(C) is a capacity-dependent threshold, the Law predicts elevated collapse probability.
If systems repeatedly violate this inequality without measurable instability, the Law is refuted.
3.3 Predictive Superiority Criterion

The Law does not replace domain models but asserts that incorporating alignment improves
predictive performance.

Given:
e A baseline domain model M

e An augmented model M; = My + L(t)

The Law predicts:

Prediction error(M7) < Prediction error(My) (8)

for collapse-related outcomes.
If inclusion of the alignment metric fails to improve predictive performance beyond existing
models, its explanatory contribution is limited.



3.4 Cross-Domain Invariance Condition

The Law asserts structural invariance across domains. Falsification occurs if:

e No consistent relationship exists between persistent misalignment and instability across

multiple independent domains.

e The alignment metric behaves inconsistently under similar imbalance conditions in different

systems.

If the Law holds only within a single domain, it cannot claim cross-domain viability status.

3.5 Non-Arbitrariness Constraint

Weights w;, baseline functions B(t), and tolerance thresholds €¢(C) must be specified prior to testing.
Post-hoc parameter tuning to fit outcomes invalidates falsifiability.
The Law fails if:

e Predictive success depends on retroactive parameter adjustment.

e Different parameterizations produce contradictory stability classifications for identical systems.
3.6 Summary of Testable Claims
The Law of Alignment makes five empirically testable claims:

e Persistent deviation beyond integrative capacity increases instability probability.

Collapse risk correlates with cumulative misalignment magnitude.

Alignment metric improves predictive modeling of failure events.

Structural misalignment patterns appear across independent domains.

Predefined parameters yield consistent classification outcomes.

Failure to satisfy these criteria invalidates the Law’s viability claim.

4 Cross-Domain Operationalization

The Law of Alignment asserts that viability depends on proportional coupling between accumulation
and dissemination relative to integrative capacity. To demonstrate operational feasibility, this
section applies the formal structure across three distinct domains: biological energy regulation,
organizational capital systems, and cognitive load dynamics.

Each domain defines measurable variables for S(t), flow components, integrative capacity C(t),

and collapse indicators.



4.1 Domain I: Biological Energy Regulation
4.1.1 System Definition

Let:

e S(t): Stored metabolic reserve (e.g., body mass or glycogen/adipose energy store)

I(t): Caloric intake

e O(t): Energy expenditure (activity + basal metabolic rate)

Aint(t): Net anabolic storage efficiency

e Djni(t): Thermogenic dissipation and metabolic loss

Thet(t): Hormonal or microbiome-mediated energy exchange

The stock—flow relation becomes:

ds
E = I+Aint+Tnet - (O+Dmt) (9)

4.1.2 Integrative Capacity

Define C(t) as metabolic regulatory capacity—the organism’s ability to maintain glucose regulation,
hormonal balance, and cellular integrity.
Capacity is finite and influenced by age, health, genetics, and environmental stressors.

4.1.3 Alignment Condition

Sustainable metabolic regulation requires:

A0) = |5 - 50| < <0 (10)

Persistent positive deviation (chronic surplus) predicts metabolic dysregulation. Persistent
negative deviation (chronic deficit) predicts catabolic stress and organ dysfunction.

4.1.4 Testable Outcome

Prediction:

Cumulative misalignment correlates with increased probability of metabolic disorder markers
(e.g., HbAlc elevation, hormonal imbalance).

Failure to observe correlation between persistent imbalance and metabolic instability would
challenge the Law’s applicability in this domain.



4.2 Domain II: Organizational Capital Systems
4.2.1 System Definition

Let:

S(t): Organizational capital reserve or liquidity buffer

e I(t): Revenue inflow

O(t): Operational expenditure

Aine(t): Internal capital retention efficiency

Djni(t): Depreciation and inefficiency loss

Thet(t): Net capital transfer via debt, equity, or trade

ds
E :I+Aint+Tnet_(O+Dint) (11)

4.2.2 Integrative Capacity

Define C(t) as financial resilience: liquidity ratios, credit access, and adaptive budget flexibility.

4.2.3 Alignment Condition

Persistent deviation beyond liquidity tolerance:

t+T
/t A(s)ds > O(C) (12)

predicts increased insolvency or restructuring probability.
Positive misalignment (excessive accumulation relative to productive deployment) predicts asset
bubbles or inefficient capital hoarding. Negative misalignment predicts insolvency or operational

collapse.

4.2.4 Testable Outcome

Prediction:

Firms exhibiting prolonged misalignment metrics show statistically higher bankruptcy or re-
structuring probability compared to aligned firms.

Failure of alignment metrics to correlate with collapse events would weaken domain applicability.

4.3 Domain III: Cognitive Load and Burnout Dynamics
4.3.1 System Definition

Let:



S(t): Cognitive functional capacity (measured via validated cognitive load or burnout indices)

e I(t): Task demand or stress input

O(t): Productive output

Aint(t): Skill acquisition and adaptive coping mechanisms

Dint(t): Recovery processes (sleep, emotional regulation)

Thet(t): Social support transfer

ds
E =1+ Aipt + Thet — (O + Dznt) (13)

4.3.2 Integrative Capacity

Define C(t) as cognitive resilience: working memory capacity, stress tolerance, and neurophysiological
regulation.

4.3.3 Alignment Condition

Persistent imbalance where task demand exceeds recovery capacity predicts elevated burnout
probability.
Cumulative deviation:

t+T
| 1A 14

should correlate with validated burnout scales or cognitive performance decline.

4.3.4 Testable Outcome

Prediction:

Individuals with sustained misalignment scores demonstrate statistically significant increase in
burnout markers relative to aligned individuals.

Failure of alignment metrics to correlate with burnout trajectories challenges cross-domain

invariance.

4.4 Cross-Domain Structural Observations
Across domains:

e S(t) represents a measurable stock.

e Flows are domain-specific but structurally analogous.

e Integrative capacity is finite.



e Persistent deviation predicts instability.

The Law does not assume identical variables across domains; it asserts structural invariance of
viability conditions.
The next section addresses differentiation from existing system frameworks and clarifies the

Law’s distinct contribution.

4.5 Non-Arbitrariness Constraint

Weights w;, baseline functions B(t), and tolerance thresholds e(C') must be specified prior to testing.
Post-hoc parameter tuning to fit outcomes invalidates falsifiability.
The Law fails if:

e Predictive success depends on retroactive parameter adjustment.

e Different parameterizations produce contradictory stability classifications for identical systems.

4.6 Summary of Testable Claims

The Law of Alignment makes five empirically testable claims:
1. Persistent deviation beyond integrative capacity increases instability probability.
2. Collapse risk correlates with cumulative misalignment magnitude.
3. Alignment metric improves predictive modeling of failure events.
4. Structural misalignment patterns appear across independent domains.
5. Predefined parameters yield consistent classification outcomes.

Failure to satisfy these criteria invalidates the Law’s viability claim.

5 Cross-Domain Operationalization

The Law of Alignment asserts that viability depends on proportional coupling between accumulation
and dissemination relative to integrative capacity. To demonstrate operational feasibility, this
section applies the formal structure across three distinct domains: biological energy regulation,
organizational capital systems, and cognitive load dynamics.

Each domain defines measurable variables for S(t), flow components, integrative capacity C(t),

and collapse indicators.
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5.1 Domain I: Biological Energy Regulation
5.1.1 System Definition

Let:
S(t): Stored metabolic reserve (e.g., body mass or glycogen/adipose energy store)
I(t): Caloric intake

(t): Energy expenditure (activity + basal metabolic rate)

S

Aint(t): Net anabolic storage efficiency
Dijni(t): Thermogenic dissipation and metabolic loss
T,

net(t): Hormonal or microbiome-mediated energy exchange
The stock—flow relation becomes:

as
% :I+Aint+Tnet_(O+Dint)

5.1.2 Integrative Capacity

Define C(t) as metabolic regulatory capacity—the organism’s ability to maintain glucose regulation,
hormonal balance, and cellular integrity.

Capacity is finite and influenced by age, health, genetics, and environmental stressors.

5.1.3 Alignment Condition

Sustainable metabolic regulation requires:

ds
AW = |= = B(t)] < €(C)
dt
Persistent positive deviation (chronic surplus) predicts metabolic dysregulation (e.g., insulin
resistance). Persistent negative deviation (chronic deficit) predicts catabolic stress and organ

dysfunction.

5.1.4 Testable Outcome

Prediction: Cumulative misalignment correlates with increased probability of metabolic disorder
markers (HbAlc elevation, hormonal imbalance).
Failure to observe correlation between persistent imbalance and metabolic instability would

challenge the Law’s applicability in this domain.

5.2 Domain II: Organizational Capital Systems
5.2.1 System Definition

Let:
S(t): Organizational capital stock
I(t): Revenue inflow
O(t): Operational expenditure

11



Aint(t): Internal reinvestment efficiency
Dijnt(t): Structural overhead and inefficiency losses
Thet(t): External capital movement (loans, investment, market shocks)
The governing relation becomes:
ds

i I+ Aint + Thet — (O + Dipg)

5.2.2 Integrative Capacity

Define C(t) as structural capacity—organizational governance strength, managerial competence,
regulatory adaptability, and liquidity buffer.

Capacity constrains how rapidly capital can accumulate without destabilizing internal structure.

5.2.3 Alignment Condition

Sustainable organizational growth requires:

[A)] < €(C)

Persistent positive deviation (over-accumulation without proportional structural expansion)
predicts asset bubbles and leverage fragility.

Persistent negative deviation predicts liquidity collapse and insolvency risk.

5.2.4 Testable Outcome

Prediction: Firms exhibiting prolonged misalignment between capital inflow and governance capacity
will show elevated collapse probability, even absent external shocks.
Absence of statistical association between misalignment magnitude and failure events would

weaken the Law’s generality.

5.3 Domain III: Cognitive Load Systems
5.3.1 System Definition

Let:
S(t): Active cognitive load
I(t): Incoming informational demand
O(t): Cognitive output (processing, decision execution)
Aint(t): Consolidation efficiency (learning integration)
Dint(t): Cognitive fatigue dissipation
Thet(t): Emotional stress transfer effects
The governing relation becomes:
as

i I+ Aint + Thet — (O + Dipg)

12



5.3.2 Integrative Capacity

Define C(t) as working memory capacity and neural regulatory bandwidth.
Capacity limits sustained informational accumulation without degradation.

5.3.3 Alignment Condition

Cognitive stability requires:

[AL)] < €(C)
Persistent overload predicts burnout, executive dysfunction, and stress pathology.
Persistent under-stimulation predicts atrophy of adaptive processing efficiency.
5.3.4 Testable Outcome

Prediction: Cumulative deviation magnitude correlates with measurable burnout indices (cortisol
dysregulation, error rate increases, cognitive fatigue scales).
Failure to observe correlation between sustained imbalance and performance breakdown would

undermine the Law’s cross-domain applicability.

6 Boundedness and Instability Under Persistent Deviation

This section formally demonstrates that persistent structural deviation in a finite-capacity system
produces instability under lawful dynamics.

6.1 Finite-Capacity Assumption

Assume a structured system with stock variable S(t) governed by:

s

= =F()

where F'(t) represents net flow.
Assume the system possesses finite integrative capacity C' > 0.

6.2 Persistent Deviation Condition

Let deviation be defined as:

A(t) = F(t) — B(t)

where B(t) represents baseline sustainable flow.

Assume persistent nonzero deviation:

|A(t)] > >0 fort >ty

13



for some fixed 6.

6.3 Theorem

Theorem: In a finite-capacity system, persistent nonzero deviation from baseline flow implies that
S(t) becomes unbounded or violates structural constraints within finite time.

6.4 Proof (Persistent Deviation Implies Divergence)

For analytical clarity, consider the discrete-time approximation:

Sty1 =St + Ay

Assume a steady-state baseline B(t) = 0 and persistent deviation:

Ar=6#0

Then the recursion gives:

Sii1 =8+

By recursive substitution:

S1 =380 +9, So=81+6d=5y+26

By induction:

St = So+td

If 6 # 0, then |S¢| grows without bound as ¢ — oc:

lim | S| = o0
t—o0

O
This establishes that sustained deviation produces unbounded trajectories in the absence of

regulatory correction.

6.5 Capacity Constraint and Finite-Time Breach

Assume the system has finite integrative capacity:

IS¢ < C

Given:

Sy =S50+ td

14



Solve for the first time 71" such that:

|So +T90| >C
For 6 > 0:

C -5
4]
Since C' is finite and § # 0, such T always exists.

T>

Conclusion: Persistent deviation implies structural constraint violation in finite time.

Thus, in capacity-limited systems, sustained misalignment produces inevitable instability.

6.6 Interpretation of the Boundedness Result

The boundedness result does not depend on the specific form of F(t), nor on domain-specific

dynamics. It depends only on three structural assumptions:

1. The system possesses finite integrative capacity C.
2. Persistent deviation § # 0 exists over time.

3. No corrective feedback fully neutralizes cumulative imbalance.

Under these conditions, divergence is not contingent but structurally necessary.

Importantly, collapse here does not imply immediate destruction. It implies boundary breach
relative to the system’s regulatory envelope.

Thus, the Law of Alignment establishes a structural inevitability: sustained misalignment in
finite-capacity systems produces instability, even when all governing equations remain valid.

7 Stochastic Generalization of Persistent Deviation

7.1 Noise-Embedded Dynamics

Real systems operate under stochastic fluctuations rather than perfectly deterministic flow.
Let the stock evolution be defined as:

Str1 =St + A+ 1

where:

e A, represents structural deviation from baseline,

7 is a stochastic disturbance term,
i E[Ut] =0,

e Var(n;) = o

15



Assume persistent mean deviation:
E[A] =4d #0.

7.2 Expected Trajectory Under Persistent Deviation

Taking expectation:

E[St+1] = E[St] + E[A¢] + Eln:]

Since E[n;] = 0:

E[Sy11] = E[S] + 6

By recursion:

E[S,] = So + td

Thus, the expected trajectory diverges linearly for § # 0.

7.3 Variance Accumulation

Variance evolves as:

Var(Sy41) = Var(S;) + o2

By recursion:

Var(S;) = to?

Therefore, dispersion increases proportionally to time.

7.4 Boundary Breach Probability

Assume finite integrative capacity:

1S < C

Under persistent mean deviation:

E[S¢] = So + to

As t — oo, the expected trajectory moves away from the origin linearly.

Since variance also grows:

Var(S;) = to?

16



The distribution of Sy spreads while its mean drifts.
Using standard concentration arguments for random walks with drift, the probability of boundary

breach satisfies:

P(|S:|>C)—=1 ast— 0

Conclusion:
Stochastic fluctuations do not eliminate instability. Persistent structural deviation increases

collapse probability toward certainty over sufficient time.

8 Alignment Metric Formalization

8.1 Cumulative Misalignment

To operationalize deviation across domains, define cumulative misalignment over horizon T

In discrete time:

T
Mr = 1A
=0

This quantity captures total structural imbalance irrespective of sign.
Unlike instantaneous deviation, cumulative misalignment reflects sustained structural stress.

9 Structural Implications

The Law of Alignment introduces a structural distinction between lawful behavior and viable
persistence.
Its implications are as follows:

1. Domain-specific laws remain valid during collapse.

2. Instability arises from proportional imbalance, not law violation.

3. Accumulation without proportional dissemination generates inflationary fragility.
4. Dissemination without replenishment generates dissipative collapse.

5. Alignment defines the structural boundary between sustained coherence and lawful disintegra-

tion.

17



10 Structural Implications

The Law of Alignment introduces a structural distinction between lawful behavior and viable
persistence.
Its implications are as follows:

1. Domain-specific laws remain valid during collapse.

2. Instability arises from proportional imbalance, not law violation.

3. Accumulation without proportional dissemination generates inflationary fragility.
4. Dissemination without replenishment generates dissipative collapse.

5. Alignment defines the structural boundary between sustained coherence and lawful disintegra-

tion.

10.1 Persistence Versus Behavior

The Law of Alignment introduces a structural separation between lawful dynamics and sustainable
persistence.

A system may evolve entirely within governing equations and yet approach instability if propor-
tional coupling between flows and integrative capacity deteriorates.

Collapse therefore does not imply violation of law. It implies lawful execution under misaligned
structural conditions.

This distinction reframes failure not as anomaly, but as predictable structural consequence.

10.2 Accumulation—Dissipation Symmetry

Alignment operates bidirectionally.

Excessive accumulation relative to capacity produces inflationary fragility: structural overload,
bubble formation, systemic rigidity.

Excessive dissemination relative to replenishment produces dissipative collapse: depletion,
atrophy, erosion of structural coherence.

Viability requires proportional coupling rather than maximization of either pole.

10.3 Cumulative Misalignment as Risk Driver

Instantaneous deviation alone is insufficient to characterize instability risk.

It is cumulative deviation relative to integrative capacity that determines structural breach
probability.

Over extended time horizons, even small persistent deviations compound and progressively
reduce stability margins.

Long-term persistence therefore requires sustained proportional regulation rather than temporary

corrective adjustments.

18



10.4 Domain Independence

The structural logic of boundedness does not depend on biological, financial, cognitive, or physical
specifics.
Any system characterized by:

A measurable stock,

Flow dynamics,

Finite integrative capacity,

Persistence-dependent viability,

is subject to the same structural constraint.
The Law therefore functions as a domain-independent viability condition rather than a domain-

specific behavioral rule.

10.5 Implication for Stability Modeling

Traditional models often emphasize equilibrium, optimization, or growth trajectories.

The Law of Alignment shifts emphasis toward proportional sustainability.

Stability is not defined by static equilibrium alone, but by bounded deviation relative to
integrative capacity across time.

System health is therefore a dynamic proportional condition rather than a fixed balance point.

10.6 Persistence Versus Behavior

The Law of Alignment introduces a structural separation between lawful dynamics and sustainable
persistence.

A system may evolve entirely within governing equations and yet approach instability if propor-
tional coupling between flows and integrative capacity deteriorates.

Thus, collapse does not imply violation of law. It implies lawful execution under misaligned
conditions.

This distinction reframes failure not as anomaly, but as structural consequence.

10.7 Persistence Versus Behavior

The Law of Alignment introduces a structural separation between lawful dynamics and sustainable
persistence.

A system may evolve entirely within governing equations and yet approach instability if propor-
tional coupling between flows and integrative capacity deteriorates.

Thus, collapse does not imply violation of law. It implies lawful execution under misaligned
conditions.

This distinction reframes failure not as anomaly, but as structural consequence.
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10.8 Accumulation—Dissipation Symmetry

Alignment operates bidirectionally.

Excessive accumulation relative to integrative capacity produces inflationary fragility. Structural
overload, leverage expansion, rigidity, and speculative distortion are manifestations of persistent
surplus misalignment.

Conversely, excessive dissemination relative to replenishment produces dissipative collapse.
Resource depletion, capital erosion, metabolic exhaustion, and cognitive burnout represent persistent
deficit misalignment.

The Law therefore does not privilege growth or contraction. It specifies proportional sustainability
as the structural requirement.

Both unchecked accumulation and unchecked depletion undermine persistence.

10.9 Cumulative Misalignment as Structural Risk Driver

Instantaneous deviation does not necessarily produce instability. Structured systems possess buffering
mechanisms, adaptive feedback, and temporary tolerance margins.

However, persistent deviation accumulates.

Over extended horizons, even small proportional imbalances compound. The cumulative magni-
tude of deviation relative to integrative capacity reduces structural resilience and narrows stability
margins.

This cumulative property explains why systems may appear stable in short intervals while
silently approaching instability thresholds.

The Law therefore emphasizes sustained proportional regulation rather than episodic correction.

10.10 Domain Independence

The structural logic of boundedness does not depend on biological, economic, cognitive, or physical
specificity.
Any system characterized by:

A measurable stock,

Flow dynamics governing accumulation and dissemination,

Finite integrative capacity,

Persistence-dependent viability,

is subject to the same proportional constraint.
The Law of Alignment therefore functions as a domain-independent viability condition rather
than a domain-specific behavioral rule.

Its invariance arises from structural boundedness, not from similarity of variables across domains.
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10.11 Implications for Stability Modeling

Traditional stability modeling frequently emphasizes equilibrium states, growth trajectories, or
optimization targets.

Equilibrium models ask whether a system returns to a fixed point after perturbation. Growth
models examine expansion dynamics under resource availability. Optimization models evaluate
efficiency under defined constraints.

The Law of Alignment shifts the analytic focus.

It does not begin by asking whether a system is at equilibrium. It asks whether proportional
coupling between net change and integrative capacity is sustained over time.

A system may exhibit rapid growth and still be structurally unstable if growth outpaces capacity
expansion.

A system may appear stable in short intervals while cumulative deviation silently reduces stability
margins.

Stability therefore becomes a dynamic proportional condition rather than a static positional
condition.

This reframing has modeling consequences:

e Stability analysis must incorporate cumulative deviation, not only instantaneous flow balance.
e Capacity evolution must be explicitly modeled rather than assumed constant.
e Risk assessment must account for deviation magnitude relative to tolerance thresholds.

e Persistence probability becomes a function of proportional regulation over time.

In this framework, viability is not a binary state but a continuously shifting structural condition

dependent on sustained alignment.

11 Limitations and Falsifiability

The Law of Alignment is proposed as a structural viability constraint. Its scope is intentionally
bounded.

To maintain scientific standing, the Law must remain falsifiable, operationally defined, and
restricted to structured systems possessing measurable stocks and finite integrative capacity.

This section clarifies limitations to prevent conceptual overextension and to preserve empirical

rigor.

11.1 Persistence Threshold Condition

The Law does not claim that short-term deviation produces collapse.
Structured systems possess buffering capacity, regulatory adaptation, and delayed feedback
mechanisms.

The falsifiable claim concerns persistent imbalance.
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Let T denote a defined temporal window. If:

t+T
/t IA(s)|ds > ©(C)

where ©(C) is a capacity-dependent threshold, the Law predicts elevated instability probability.

If systems repeatedly violate this inequality without measurable degradation or collapse risk,
the Law is refuted.

The persistence condition is therefore central. Momentary fluctuation does not constitute

structural misalignment.

11.2 Predictive Superiority Criterion

The Law does not replace domain-specific models. It asserts that incorporating alignment improves
predictive performance.
Let My represent a baseline domain model.
Let M; = My + L(t) include the alignment metric.
The Law predicts:
Prediction Error(M;) < Prediction Error(My)

for collapse-related outcomes.

If inclusion of alignment metrics fails to improve predictive accuracy relative to established
models, its explanatory contribution is limited.

This ensures that the Law must provide empirical value rather than conceptual redundancy.

11.3 Non-Arbitrariness Constraint

The alignment framework depends on predefined parameters:
e Viability baseline function B(t),
e Capacity-dependent tolerance €(C'),
e Weight coefficients wj,

e Regularization constant a.

These parameters must be specified prior to empirical testing.

Post-hoc tuning to fit outcomes invalidates falsifiability.

The Law fails if predictive success depends on retroactive parameter adjustment or if different
parameterizations produce contradictory stability classifications for identical systems.
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11.4 Boundary Definition Sensitivity

All stock—flow modeling depends on boundary selection.
Ambiguous or shifting system boundaries may alter measured flows and distort deviation metrics.
The Law therefore requires:

e Explicit boundary declaration,
e Consistent accounting of flows,

e Transparent inclusion of inter-system transfers.

If boundaries are arbitrarily modified to preserve alignment classification, the framework loses
scientific validity.
11.5 Nonlinearity and Adaptive Feedback

Many real-world systems exhibit nonlinear dynamics, threshold effects, and adaptive feedback.
The Law does not assume linear proportionality between deviation and collapse timing.
Persistent misalignment increases collapse probability, but feedback mechanisms may delay

breach.

The Law identifies structural instability conditions, not deterministic failure schedules.
Timing remains domain-dependent.

11.6 Measurement Noise and Proxy Variables

In some domains, stocks and flows are directly measurable.

In others, proxies must be used.

Measurement noise can obscure alignment signals.

The Law is falsified not by data variability, but by systematic absence of correlation between
sustained misalignment and instability across properly controlled datasets.

Robustness testing and cross-validation are therefore required.

11.7 Scope of Universality
The Law applies to structured systems possessing:

e Measurable stored quantities,

e Flow dynamics,

e Finite integrative capacity,

e Persistence-dependent viability.

It does not claim applicability to:

e Purely abstract mathematical systems without capacity constraints,
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e Non-structured stochastic processes,

e Domains lacking definable persistence criteria.

Its universality claim is structural, not metaphysical.

11.8 Normative Neutrality

The Law does not prescribe moral, political, or ethical outcomes.

Collapse is not framed as failure in normative terms but as probabilistic consequence of sustained
imbalance.

The framework remains descriptive and testable rather than prescriptive.

11.9 Summary of Constraints

The Law of Alignment remains scientifically defensible only if:

e Parameters are predefined,

Boundaries are explicit,
e Measurement is disciplined,

Claims remain restricted to structured, capacity-limited systems,

Predictive advantage is demonstrable.

These constraints are integral to maintaining analytical rigor.

12 Conclusion

Scientific laws describe how systems behave under defined conditions. They do not guarantee
persistence.

Collapse frequently occurs without violation of governing equations. Structures fail while conser-
vation identities remain intact. Markets crash while economic rules remain operative. Organisms
deteriorate while biochemical processes continue lawfully.

This paper introduced the Law of Alignment as a domain-independent viability constraint
governing structured, capacity-limited systems.

The Law formalizes proportional coupling between net change and integrative capacity. It defines
deviation relative to a viability baseline, introduces cumulative misalignment as a structural risk
measure, and specifies boundedness conditions under which persistence remains possible.

The analytical results demonstrate:

e Persistent nonzero deviation generates unbounded trajectories in capacity-limited systems.

¢ Finite integrative capacity imposes structural stability boundaries.
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e Cumulative misalignment reduces stability margins over time.
e Instability probability increases under sustained imbalance.

e These conditions are invariant across domains possessing measurable stocks and flows.

The Law does not replace thermodynamics, system dynamics, homeostasis, or control theory. It
specifies the structural condition under which lawful dynamics remain compatible with sustained
coherence.

Explicit falsifiability criteria have been defined. Parameter non-arbitrariness, boundary discipline,
predictive superiority, and probabilistic instability conditions ensure empirical testability.

The universality claim is structural rather than metaphysical. The Law applies only to systems
characterized by measurable accumulation, flow dynamics, finite integrative capacity, and persistence-
dependent viability.

Alignment is therefore not a metaphorical principle.

It is a mathematically expressible proportional condition governing whether structured systems
endure or dissolve.

Empirical validation across independent domains remains the next necessary step.

References

Ashby, W. Ross. 1956. An Introduction to Cybernetics. London: Chapman & Hall.

Bertalanffy, Ludwig von. 1968. General System Theory: Foundations, Development, Applications.
New York: George Braziller.

Forrester, Jay W. 1961. Industrial Dynamics. Cambridge, MA: MIT Press.

Holling, C. S. 1973. “Resilience and Stability of Ecological Systems.” Annual Review of Ecology
and Systematics 4: 1-23.

May, Robert M. 1972. “Will a Large Complex System Be Stable?” Nature 238: 413-414.

Meadows, Donella H. 2008. Thinking in Systems: A Primer. White River Junction, VT: Chelsea
Green Publishing.

Prigogine, Ilya. 1978. “Time, Structure, and Fluctuations.” Science 201 (4358): 777-785.

Simon, Herbert A. 1962. “The Architecture of Complexity.” Proceedings of the American
Philosophical Society 106 (6): 467-482.

Sterman, John D. 2000. Business Dynamics: Systems Thinking and Modeling for a Complex
World. Boston: Irwin McGraw-Hill.

Wiener, Norbert. 1948. Cybernetics: Or Control and Communication in the Animal and the
Machine. Cambridge, MA: MIT Press.

25



	Conceptual Framework: Viability as a Structural Condition
	Lawfulness and Behavioral Description
	Collapse as Lawful Outcome
	Viability as Integrative Capacity

	Formal Definition and Mathematical Formulation
	System Definition and Boundary Conditions
	Integrative Capacity
	Viability Baseline
	Deviation from Alignment
	Normalized Alignment Metric
	Alignment Condition
	Distinction from Conservation Identities

	Falsifiability Criteria and Testable Predictions
	General Falsifiability Condition
	Persistence Threshold Condition
	Predictive Superiority Criterion
	Cross-Domain Invariance Condition
	Non-Arbitrariness Constraint
	Summary of Testable Claims

	Cross-Domain Operationalization
	Domain I: Biological Energy Regulation
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome

	Domain II: Organizational Capital Systems
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome

	Domain III: Cognitive Load and Burnout Dynamics
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome

	Cross-Domain Structural Observations
	Non-Arbitrariness Constraint
	Summary of Testable Claims

	Cross-Domain Operationalization
	Domain I: Biological Energy Regulation
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome

	Domain II: Organizational Capital Systems
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome

	Domain III: Cognitive Load Systems
	System Definition
	Integrative Capacity
	Alignment Condition
	Testable Outcome


	Boundedness and Instability Under Persistent Deviation
	Finite-Capacity Assumption
	Persistent Deviation Condition
	Theorem
	Proof (Persistent Deviation Implies Divergence)
	Capacity Constraint and Finite-Time Breach
	Interpretation of the Boundedness Result

	Stochastic Generalization of Persistent Deviation
	Noise-Embedded Dynamics
	Expected Trajectory Under Persistent Deviation
	Variance Accumulation
	Boundary Breach Probability

	Alignment Metric Formalization
	Cumulative Misalignment

	Structural Implications
	Structural Implications
	Persistence Versus Behavior
	Accumulation–Dissipation Symmetry
	Cumulative Misalignment as Risk Driver
	Domain Independence
	Implication for Stability Modeling
	Persistence Versus Behavior
	Persistence Versus Behavior
	Accumulation–Dissipation Symmetry
	Cumulative Misalignment as Structural Risk Driver
	Domain Independence
	Implications for Stability Modeling

	Limitations and Falsifiability
	Persistence Threshold Condition
	Predictive Superiority Criterion
	Non-Arbitrariness Constraint
	Boundary Definition Sensitivity
	Nonlinearity and Adaptive Feedback
	Measurement Noise and Proxy Variables
	Scope of Universality
	Normative Neutrality
	Summary of Constraints

	Conclusion

