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Abstract

Persistent memory effects in asymptotically flat spacetime demonstrate that transient scatter-
ing events can leave permanent imprints on boundary structure. In gravitational systems, soft
theorems and asymptotic symmetries imply that radiation passing through spacetime produces
measurable residual displacement, commonly referred to as gravitational memory. After the
wave has passed, spacetime does not return to its original configuration.

This paper proposes a structural analogy between persistence phenomena in gravitational physics
and irreversibility in complex adaptive human institutions. In organizational and political
economies, initiating intent propagates through constraint landscapes, produces observable be-
havior, and ultimately becomes encoded into durable institutional structures—laws, norms,
incentives, and narratives. Even after initiating actors depart and stimuli dissipate, the system
remains permanently shifted.

We formalize an Intent → Friction → Action → Behavior → System Outcome progression as
a dynamical model. Institutional memory is defined as residual displacement between baseline
and long-run equilibrium states. We further introduce a compression operator that models how
bulk social dynamics encode into boundary structures. The aim is not to collapse physics into
sociology, but to examine whether information persistence across dimensions—bulk dynamics
compressing into boundary conditions—constitutes a structural principle relevant to governance
design.
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1 Structural Discipline Without Category Error
This paper does not assert equivalence between gravitational systems and human institutions. Hu-
man systems involve agency, power asymmetries, strategic deception, and open boundaries. They
do not obey physical law in any literal sense.

The value of the analogy lies in structural discipline. Gravitational memory teaches us:

• Transient events can produce permanent displacement.

• Soft modes matter globally.

• Boundary structure encodes bulk history.

• Irreversibility has measurable cost.

Institutions exhibit comparable features. Policy shocks, crisis interventions, technological deploy-
ments, and economic reforms alter long-term trust distributions, incentive structures, and legiti-
macy baselines. Even after the stimulus dissipates, the system does not revert to its prior state.
The system remembers. This paper formalizes that claim.

2 Institutional State Space
Let an institutional system be represented by a state vector:

S(t) ∈ Rn

Where components of S(t) represent measurable macro-variables such as trust distribution, en-
forcement intensity, compliance rates, capital allocation flows, normative legitimacy indices, and
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institutional stability metrics.

The system evolves over time according to:

dS

dt
= F (S, I, C)

Where I(t) is the intent function, C(t) is the constraint field (friction topology), and F is the
propagation operator (generally nonlinear).

Figure 1 Placeholder (Institutional state evolution model)

Figure 1: Institutional systems evolve under directional intent and constraint topology.

3 Intent as Initial Condition
Intent is defined as a directional perturbation applied at time t0:

I(t0) = ∆S0

Intent is not behavior; it is directional objective expressed through authority and resource allocation.

In simplified linearized form:
dS

dt
= I(t)− ΓS

Where Γ is a friction matrix; positive eigenvalues correspond to damping channels and negative
eigenvalues correspond to amplification channels.

In realistic systems:
dS

dt
= I(t)− Γ(S, t)S +Φ(S, t)

Where Φ(S, t) captures adaptive feedback, strategic response, and nonlinear amplification.

Figure 2 Placeholder (Dynamical intent propagation model)

Figure 2: Intent propagates through friction and adaptive feedback before stabilizing.
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4 Friction Topology
Friction is structural resistance embedded in the system. We model friction as an operator:

F(S) = ΓS

Constraint components include procedural friction, economic friction, cultural friction, and
informational friction. The eigenstructure of Γ determines propagation geometry. Low friction
tends to produce rapid system reconfiguration; high friction tends to damp and localize changes.
Even damped propagation may produce durable boundary residue.

5 Behavioral Propagation and Outcome Stabilization
Behavior stabilizes into a new equilibrium if:

lim
t→∞

dS

dt
= 0

Let baseline state be:
Sbaseline = S(t−0 )

After stimulus dissipates:
lim
t→∞

I(t) = 0

If:
S(∞) ̸= Sbaseline

then institutional memory exists.

Figure 3 Placeholder (Residual institutional displacement)

Figure 3: Institutional memory appears as residual displacement from baseline equilibrium.

6 Institutional Memory as Residual Displacement
We define institutional memory M as:

M = S(∞)− Sbaseline

Where M ̸= 0 implies irreversible structural shift, ∥M∥ measures magnitude of displacement, and
memory persists independent of ongoing stimulus.
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7 Boundary Encoding
Let S(t) be bulk institutional dynamics and B(t) be the boundary layer. Define compression
operator:

C : S(0 : t) → B(t)

Such that:
B(t) = C[S(0 : t)]

The boundary feeds back into bulk dynamics:

dS

dt
= F (S,B)

Recursive structure: Bulk → Compression → Boundary → Constraint → Bulk.

Figure 4 Placeholder (Bulk–boundary compression and feedback)

Figure 4: Distributed dynamics compress into boundary layers that recursively constrain future
evolution.

8 Soft Intent and Weak Signal Accumulation
Define soft intent signals:

Isoft(t) = ϵi where ϵi ≪ 1

Accumulation over time: ∫ t1

t0

Isoft(t) dt = Σϵi

If:
Σϵi > λcritical

then structural reparameterization occurs. Weak signals can generate curvature.

Figure 5 Placeholder (Soft intent threshold model)

Figure 5: Repeated low-amplitude signals can cross structural thresholds and shift equilibrium.

9 Irreversibility and Reversion Cost
Reversion requires energy input proportional to memory magnitude:

Ereversal ∝ ∥M∥+ κ

Where κ is coordination + legitimacy cost and ∥M∥ is structural displacement magnitude. Large
memory implies large reversal cost.
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Conclusion
Institutions are persistent systems. Intent functions as an initial condition. Friction shapes propa-
gation geometry. Action produces distributed behavior. Behavior stabilizes into new equilibrium.
Boundary layers encode cumulative history. Residual displacement becomes memory. Reversal
requires energy.

Governance is not merely the management of events. It is the engineering of future boundary
conditions. Every intent leaves a trace.
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