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FDS-P7 develops the topological-protection paper in the physical bridge sequence of Finite Dis-
tinction Systems. P4 studied ordinary coarse-grained anti-recurrence: once a non-injective trunca-
tion removes task-relevant preimage information from the effective record, later capacity recovery
does not reconstruct the discarded distinction unless inverse information is preserved in side records,
external ledgers, enlarged accounting boundaries, or invariant carriers. P7 studies the complemen-
tary case: distinctions whose recoverability is carried not by ordinary local records but by invariant
or topological structure. We formalize this through a quotient map ¢ : X — @ from microscopic
state space to an invariant-sector space and the induced random variable Qiny = ¢(X), a noisy in-
variant recovery bound, a positive-part operational forgetting rate, and a resource-ledger audit. The
central physical bridge is the Non-Hermitian Skin Effect (NHSE), where point-gap winding, general-
ized Brillouin-zone structure, boundary-localized modes, and boundary-sensitive spectra supply one
model class for invariant-supported persistence. P7 does not claim a violation of the Second Law and
does not claim that all NHSE mechanisms are point-gap-topological. Protected invariants relocate
entropy and resource accounting rather than deleting it. This framework provides a physical bridge
for non-catastrophic forgetting in resource-constrained agents: not all distinctions must be retained
as local records if task identity is carried by stable invariant structure. Deterministic numerical
demonstrations illustrate quotient-sector winding, boundary diagnostic channels, noisy invariant
recovery, positive-part forgetting-rate freezing, resource-ledger relocation, dual-channel signatures,

metastable learning between P4 and P7 regimes, and a Physical-Al design normal form.

Reader contract. This paper is a registered FDS
physical-bridge paper. It does not derive the Second
Law from topology, does not claim perpetual motion,
does not claim that protected invariants produce zero-
cost computation, and does not claim that every non-
Hermitian skin effect is governed by point-gap winding.
Its narrower claim is conditional: under stated locality,
accessibility, accounting-boundary, and protection-gap
assumptions, some task-relevant distinctions are locally
non-forgettable because their identity is carried by an
invariant sector. If the invariant is destroyed, the pro-
tection gap closes, the boundary condition changes, or
the accounting boundary excludes the invariant, P7 re-
duces to the ordinary P4 case of coarse-grained preim-

age loss.

Claim-status summary

Table I summarizes the main claims and demotion con-
ditions.

INTRODUCTION

From P4 forgetting to P7 protection

P4 established the baseline finite-memory result:
under ordinary non-injective truncation, task-relevant

preimage distinctions are lost from the effective rep-
resentation unless inverse information is preserved in
side records, reversible garbage registers, environmen-
tal traces, protected invariants, or enlarged accounting
boundaries [2]. In P4 notation, a local record Z may
satisfy

HV|Z)>0, (1)

where V = f(X) is a task-relevant sector. P7 studies the
complementary question. When can a distinction survive
local forgetting without being stored as an ordinary local
record?

The P7 answer is that some distinctions are carried by
invariant sectors. In such cases local coordinates may be
discarded, local records may become incomplete, and or-
dinary P4 hysteresis may appear at the local level, while
the task-relevant sector remains recoverable through an
invariant side-ledger:

HV|2Z)>0, H(\V|Z Qi) ~0. (2)

The phrase “topology remembers” will occasionally be
used as shorthand, but the formal meaning is narrower:
the task sector remains inferable from an accessible in-
variant carrier.

Why non-Hermitian skin effects are the bridge
model

Non-Hermitian systems have become a central set-
ting for studying boundary-sensitive spectra, point gaps,



TABLE I. Central FDS-P7 claims, status, and failure or demotion conditions.

Claim Status What would weaken or falsify it
Invariant side-ledgers can Formal FDS A task variable factors through an accessible
suppress P4 residual inverse bridge invariant, but H(V | Z, Qinv) remains high

uncertainty.
Noisy invariant readout gives a
bounded recovery penalty.

Local perturbations cannot
change a protected invariant
without a protection-breaking

event. .

NHSE supplies a model class
for invariant-supported
persistence.

Physical bridge

0O3-compatible
accounting claim

Protection relocates
entropy /resource accounting
rather than deleting it.

Protected phases can generate
a dual forgetting/ledger
signature.

Experimental
bridge

Information bound

Topological bridge

under the stated assumptions.

A noisy invariant readout with error probability
6 exceeds the Fano-style bound without hidden
information or changed task labels.

A local perturbation changes the invariant while

the protection gap, locality assumptions, and
accounting boundary remain intact.

NHSE is present, but it carries no stable
recoverable distinction, no boundary-sensitive
protection, and no robustness to local
perturbation in the registered model class.

A protected invariant supplies indefinite
maintenance with no drive, boundary, refresh,
dissipation, verification, control, or external

ledger.
Confirmed protection-breaking transition with

no feature in operational forgetting and no
corresponding resource/entropy signature under
a well-powered registered protocol.

exceptional structures, generalized Brillouin zones, and
the non-Hermitian skin effect [11-14]. In NHSE sys-
tems, an extensive set of bulk eigenstates can accumulate
near boundaries under open boundary conditions, and
the conventional Bloch bulk description may fail [15-18].
NHSE has now been realized or diagnosed across multi-
ple platforms, including dynamic mechanical systems, ul-
tracold atoms, and digital quantum simulations [22-24].
This makes NHSE a natural FDS bridge: recoverable
distinction structure may be relocated from bulk-local
records to boundary-sensitive spectral structure.

P7 uses NHSE as one model-class realization, not as
a universal explanation of protected persistence. Recent
work cautions that NHSE should not be reduced to a sin-
gle point-gap mechanism in all settings; generalized and
anomalous forms exist [19-21]. P7 therefore phrases its
strongest statements for specified protection conditions
rather than for every non-Hermitian system.

Main contributions

This paper contributes seven objects to the FDS phys-
ical spine:

1. a quotient-map formulation of invariant side-ledgers,
q: X — Q;

2. an invariant side-ledger theorem extending the P4
side-record criterion;

3. a noisy-invariant recovery bound for imperfect invari-
ant diagnostics;

4. a positive-part operational forgetting rate /-e?;rget;

5. an NHSE model-class bridge linking point-gap wind-
ing, GBZ structure, and boundary localization to
invariant-supported persistence;

6. an O3-compatible resource/entropy ledger showing
that protection relocates cost rather than deleting it;

7. deterministic numerical demonstrations and an engi-
neering protocol linking P7 to Physical Al

FDS BACKGROUND

Active finite distinction systems

The FDS core object is
S:(X7E’B’M’KA’U”/T7Z7¢7P7T)’ (3)

where X is internal state, ¥ environment, B boundary,
M memory/model state, Y observation channel, A action
space, U update rule, 7 finite projection, ¢ boundary-
maintenance loss, ® finite resource budget, P perturba-
tion/pruning family, and 7 update timescale [1]. P7 fo-
cuses on w, P, ¢, ®, and on the accounting boundary that
determines whether an invariant sector is available to the
system.

P4 baseline and O3 ledger

Let T : X — Z be a non-injective coarse-graining. P4
defines residual inverse uncertainty by conditioning on



the effective record and accessible side information. If
V = f(X) is nonconstant on a truncated fiber and no
side record distinguishes the relevant preimages, then

H(V | Z,Ly) > 0. (4)

P4 therefore studies the fate of unprotected distinctions.

03 studies finite-memory boundary maintenance as
an operational Second-Law channel: finite records must
be written, preserved, refreshed, repaired, synchronized,
externalized, reused, or destroyed, and physical record
turnover enters an entropy/resource ledger under bridge
assumptions [3]. P7 inherits the same accounting prin-
ciple. Topological protection does not violate thermody-
namics; it changes what must be maintained and where
the cost is paid.

INVARIANT SIDE-LEDGERS

Definition 1 (Local perturbation family). A local per-
turbation family Ploc is a set of allowed perturbations
whose physical action is bounded, local, exponentially de-
caying in distance, or restricted to finite neighborhoods
relative to the boundary and system size.

Definition 2 (Invariant quotient map). A side-ledger
is any accessible carrier of inverse or task-sector infor-
mation outside the local coarse record Z. An invariant
side-ledger is a quotient map

q: X = Q, (5)

from microscopic state space to an invariant-sector space
Q, together with the induced random variable

Qinv = Q(X) (6)

Conditional entropies are taken with respect to Qiny, not
the map q itself. Its sector label remains stable under a
specified local perturbation family until a protection con-
dition is broken:

Q(Px) = Q(x)a P € P, g(P:c) > 0. (7)
The protection margin g may denote a spectral gap, point
gap, code distance, winding stability margin, localization
margin, or other obstruction parameter.

Definition 3 (Protected task sector). A finite task-
sector random wvariable V. € V is protected by g when
there exists a map h : QQ — V such that

V' = h(Qinv) = h(q(X)). (®)

The quotient q is a task-sector ledger: it need not recover
all microscopic detail, only the task identity.

Definition 4 (Topological obstruction to forgetting). A
task distinction V is topologically protected relative to

(Za q, 73IOC) Zf

H(V|Z)>0, H(V|ZQumy) =0, (9)

and q is stable under all allowed local perturbations while

g>0.

Theorem 1 (Invariant side-ledger theorem). Let T :
X — Z be a local coarse-graining that loses a task dis-
tinction V.= f(X). Suppose there exists an accessible
invariant quotient q : X — @Q such that:

1. V factors through q, i.e. V = h(q(X));
2. q is stable under Py while g > 0;
3. the accounting boundary includes access to q.

Then
H(V | Z» Qinv) - 07 (10)
even when H(V | Z) > 0.

Proof. Since V' = h(Qinv) = h(q(X)), the quotient-sector
random variable determines the task label. Conditioning
on (Z, Qiny) therefore determines V' regardless of whether
7 alone distinguishes the local preimage. Stability under
Ploc ensures that local perturbations preserving g > 0
do not change the invariant sector. Accessibility ensures
that Qi is part of the audited record rather than an
unavailable mathematical label. O

Proposition 1 (Invariant-aware representation). Let
Z" =(Z,Qinv), Qinv = ¢(X). (11)
If V = h(Qinv), then
H(\V | Z")=o. (12)
Ordinary coarse-graining may lose local detail; invariant-

aware coarse-graining preserves task identity when the
task factors through the invariant quotient.

Proof. The claim follows from V = h(Qiny), so V is a
function of Zt = (Z,Qiny) even if Z alone loses local
detail. O]

Proposition 2 (Noisy invariant recovery bound). Let
Q be a noisy diagnostic of the invariant quotient and
suppose that the induced task-sector error obeys

P{h(Q) £V} <. (13)
Then
H(V | Z,Q) < hy(8) + dlog,y(IV| - 1), (14)

where hy is the binary entropy function. Thus a discrete
or integer-valued invariant can remain useful under noisy
readout when its error probability is small.



Proof. The claim is the standard Fano-style upper bound
on residual uncertainty given a classifier with error proba-
bility at most ¢ [5, 6]. The FDS interpretation is that the
invariant readout need not be perfect; it must keep resid-
ual task-sector uncertainty below the operational toler-
ance.

This bound assumes a finite discrete task alphabet
V,0 < § < 1-1/V|, and a diagnostic whose de-
coded task label h(Q) has error probability at most
0. For continuous task sectors, an operational finite-
resolution, hypothesis-testing, or rate-distortion version
is required. O

Remark 1 (Topology as a nonlocal side-ledger). In P4,
inverse information is usually carried by explicit side
records, external ledgers, or enlarged memory. P7 ex-
tends this: a quotient invariant can act as a side-ledger
that is mot stored as a local register. Its recovery power
comes from global structure, discreteness, and a protec-
tion condition. NHSE provides a model class in which re-
coverable distinction structure is relocated from bulk-local
records to boundary-sensitive spectral structure. In that
class, a boundary-localized profile can provide an accessi-
ble physical carrier or diagnostic channel for the quotient
sector under the model-class assumptions.

NHSE AS A MODEL-CLASS REALIZATION
Minimal non-reciprocal chain

Consider a one-dimensional non-Hermitian asymmet-
ric hopping model with open or periodic boundary con-
ditions,

N-1
[t—i—ﬂ J+1Cj—‘r(f Q)CCJJA} Z’YZCCJ

j=1

(15)
The corresponding Bloch symbol under periodic bound-
ary conditions is

H(k,0)=(t+ (9)6“c +(t - g)e—zk

For a reference energy Ey, the point-gap winding is

1
2mi

+iy.  (16)

27
v(Ey) = / dk O log det[H (k,0) — Eo].  (17)
0
For the scalar model and Ey, = iy, the spectral loop
encloses Ey with orientation set by sgn(f) for 6 # 0,
while # = 0 closes the point gap. The quotient map for
this model class is

Q(X) = Z/(EO) S Za Qinv = q(X) (18)

The model-class protection margin can be represented by
the point-gap distance

gpg(EO) = mkin |H(k, 9) - EO‘ (19)

for the scalar model, or more generally by

ps(Fo) = min | det(H(k,0) — Bo)l.  (20)

The NHSE bridge applies only while this margin remains
nonzero. A protection-breaking transition occurs when
9pg — 0, when boundary conditions change, when a non-
local perturbation is applied, or when the carrier itself is
destroyed.

Generalized Brillouin zone and boundary
localization

Under open boundary conditions, conventional Bloch
waves do not generally describe the physical spectrum.
The generalized Brillouin zone replaces e** by a complex
factor 8 whose modulus is set by the open-boundary char-
acteristic equation [16]. For the asymmetric chain, the
bulk eigenstates under open boundaries acquire exponen-
tial localization,

1

[¢;] e ", K~ 5 log

t+0

= (21)

The boundary-localized profile provides an accessible
physical carrier or diagnostic channel for the quotient sec-
tor under the model-class assumptions. It is not an ordi-
nary memory register. It is a boundary-sensitive spec-
tral organization whose identity is constrained by the
point-gap sector and boundary condition. Recent work
on quantum geometry of the NHSE suggests additional
diagnostic channels for skin localization and GBZ singu-
larities [26].

Limits of the bridge

NHSE is not synonymous with topology. P7 uses the
point-gap/GBZ setting as a clean model class. Other
forms of skin effect, anomalous skin response, quasicrys-
talline behavior, disorder-sensitive boundary accumula-
tion, and collective many-body variants may require
different quotient maps and different protection condi-
tions [19-21, 25]. Failure of this NHSE bridge would de-
mote this realization, not the formal invariant side-ledger
theorem.

COARSE-GRAINING OBSTRUCTION
Ordinary local truncation

P4 ordinary forgetting begins with a non-injective map
T:X — Z. If T(z) = T(2) while V(z) # V(2'), then
Z loses the task distinction unless side information is
available. P7 adds that the side information need not be
a local memory register; it can be an invariant quotient.



Invariant-aware truncation

A local truncation may identify microstates,
T(x) =T(a'), (22)
while the invariant separates them,
q(x) # q(2’). (23)

If V = h(Qinv) = h(q(X)), then local forgetting of coor-
dinates does not imply loss of the protected task distinc-
tion. The invariant-aware effective representation is

Z+ = (Z7 Qinv)7 Qinv = q(X) (24)
For protected task sectors,
H(V|Z")=0. (25)

Proposition 3 (Protection-breaking alternatives). Sup-
pose q is stable under P while g > 0. A protected task
sector can be erased only if at least one of the follow-
ing occurs: (i) g — 0; (i) a perturbation outside Pioc
is applied; (i11) the boundary condition changes; (i) q is
excluded from the accounting boundary; (v) the carrier
of the invariant is destroyed; or (vi) the task no longer
factors through q.

Proof. If none of these occurs, then the perturbation is
local and gap-preserving, the boundary still includes the
quotient, and ¢(Pz) = ¢(x). Since V = h(Qin) =
h(q(X)), the protected task sector is unchanged. O

RG and model-reduction caution

The older PoN/NHSE note described the obstruction
in terms of RG flow on the generalized Brillouin zone and
the breakdown of bulk-dominance assumptions when an
extensive number of states localize at boundaries. P7
adopts a narrower claim: ordinary local coarse-graining
that ignores the protected boundary-sensitive sector is
incomplete for tasks depending on that sector. It does
not assert that every RG construction fails in every non-
Hermitian system. It asserts that invariant-aware coarse-
graining is required when task identity factors through a
protected sector.

OPERATIONAL FORGETTING AND
RESOURCE LEDGER

Positive-part operational forgetting rate

Let Vp be an initial task sector and let R; be the ac-
cessible local record at time ¢. Define the finite-window

positive-part forgetting rate

1
H;rget(t; T) = ; [H(Vb | Rt+7’a Qinv,tJrT) - H(VO ‘ Rta Qinv,t)]+ .

(26)
The positive part is used because later observations can
reduce uncertainty. When only the local record is used,

. lOC . . . . .
write Kforget when the invariant quotient variable Qiny ¢

inv

is included, write Kyl
A protected phase is characterized operationally by

inv ~ loc
Hforget ~ 03 K:forget >0 (27)

for tasks whose identity is carried by the invariant. In an
ideal thermodynamic-limit model, a protection-breaking
transition may appear as a non-analytic kink in Ii;grgct or
in its parameter derivative. In finite devices, P7 predicts
a finite-size-rounded sharp crossover whose sharpening
under system-size scaling is the operational signature.

Resource ledger first, entropy ledger when calibrated

A protected distinction does not delete entropy pro-
duction. Following O3, P7 treats persistence as an ac-
counting relocation. For an active non-Hermitian de-
vice the directly measured quantity may be a resource
or power ledger:

-Pledger = Pbulk + Pboundary + Pdrive + Pcontrol + Pverify~
(28)
When thermodynamic calibration is available, one may
translate these channels into an entropy ledger,

Zledger = Ebulk“'zboundary“'Edrive‘|'Zcontr01"’Everify > 0.

(29)
The distinction is important. Throughout the experi-
mental protocol, the directly measured object is a re-
source or power ledger. It becomes an entropy ledger only
when reservoir temperatures, heat channels, and ther-
modynamic calibration are available. P7 does not infer a
true entropy production rate from an uncalibrated power

proxy.

Proposition 4 (Protection relocates cost). If an invari-
ant suppresses local forgetting of a task distinction while
the physical system remains driven, open, refreshed, con-
trolled, or measured, then the cost of persistence must be
counted in the coupled ledger rather than inferred from
the local record alone.

Criterion 1 (FDS dual-channel test). A P7 model class
is strongly supported when the same registered control pa-
rameter produces both:

1. a feature in operational forgetting, K;grget()\);

2. a corresponding featyre in the resource or entropy
ledger; —Pledger()\) or E1edger()\)7



under controls excluding ordinary measurement, heating,
finite-size, or boundary artifacts. In ideal limiting mod-
els this may appear as a two-kink signature or a pair of
non-analytic derivative features; in finite devices P7 pre-
dicts a rounded finite-size feature rather than demanding
a mathematically sharp kink in every apparatus.

The physical mark of a topological transition is there-
fore not free memory. It is the reorganization of for-
getting cost and maintenance cost across the accounting
boundary.

NUMERICAL DEMONSTRATIONS

The simulations are deterministic demonstrations gen-
erated by code/generate_results.py. They illustrate
definitions and model-class bridges rather than fitting ex-
perimental data.

Simulation parameters

Figure 1 uses the scalar asymmetric hopping model
with t = 1, v = 0.15, and selected 6 € {—0.35,0,0.35},
and records gpg(Ey). Figure 2 uses an OBC chain with
N = 64 sites and a Fano-style noisy invariant diagnos-
tic over the alphabet V. Figure 3 uses deterministic
normal-form trajectories for protected and unprotected
task-sector uncertainty and a synthetic resource ledger.
Figure 4 gives a dual-channel transition schematic and
a P4/metastable/P7 regime diagram. Figure 5 gives a
Physical-AlI design normal form. No experimental, bi-
ological, proprietary, medical, human-subject, or device
data are used.

EXPERIMENTAL AND ENGINEERING
PROTOCOLS

Protocol 1 (Active non-Hermitian circuit lattice). Build
an active non-reciprocal circuit chain with tunable asym-
metric coupling. Measure boundary voltage accumula-
tion, complex spectral response, and total power or heat
prozies under a sweep of the non-reciprocity parame-
ter. The resource ledger can begin with directly mea-
sured quantities such as Parive(t) = >, Vi(t)1;(t) and op-
amp/control power, before any entropy interpretation is
attempted.

Protocol 2 (Symmetric and boundary controls). Repeat
the protocol with reciprocal couplings, altered boundary
conditions, and local perturbations below and above the
protection margin. P7 predicts that the protected-sector
stgnature should track the invariant and boundary condi-
tion, not merely total heating or measurement intensity.

Protocol 3 (Finite-size scaling). Repeat the sweep for
N = 20,40,80,160 or comparable sizes. Ideal mon-
analyticities are rounded in finite devices; a registered
protocol should therefore specify whether it expects a kink,
a sharp crossover, or finite-size sharpening.

Protocol 4 (Operational forgetting assay). Choose a
task-sector label V' associated with the invariant quotient
and a local record Ry that omits the quotient. Com-
pare H(Vy | Ry) against H(Vy | Ry, Qinv,t) and estimate
“ftrget' If the protected sector is real and accessible, the
invariant-aware uncertainty should remain low until pro-
tection breaks.

FALSIFICATION AND DEMOTION
CONDITIONS

The P7-NHSE bridge is weakened or falsified if NHSE
or the claimed topological sector is confirmed but lo-
cal perturbations preserving the protection gap erase
the protected sector with no nonlocal intervention, gap
closure, boundary-condition change, hidden uncontrolled
channel, or diagnostic failure. The resource-ledger bridge
is weakened if protected persistence is observed but no
measurable redistribution, crossover, or ledger feature
appears under a well-powered registered protocol.

A negative result in the NHSE model class does not fal-
sify the FDS formal core. It demotes the specific physical
realization. The invariant side-ledger theorem survives as
a formal bridge whenever another invariant carrier satis-
fies the stated conditions.

DESIGN IMPLICATION: INVARIANT
CARRIERS FOR PHYSICAL AI

This section is not part of the NHSE bridge proof. It
extracts the FDS design rule implied by P7. A robust
physical Al agent should not attempt to store every dis-
tinction in volatile memory. Under finite capacity, the
most important task identities should be placed where
local perturbations cannot easily erase them: morphol-
ogy, closed-loop dynamics, sensorimotor topology, stable
environmental scaffolds, error-correcting memory, or in-
variant physical carriers. In this sense P7 provides a de-
sign principle for non-catastrophic forgetting in embod-
ied agents:

do not preserve all details;

(30)

preserve the quotient that preserves task identity.

A robot’s balance manifold, a manipulation affordance,
or a navigation invariant may be more valuable than a
large local texture log. This is not a claim that robots
implement NHSE. It is a functional projection of the P7
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FIG. 1. Quotient-sector winding in the scalar asymmetric hopping model. The invariant side-ledger is the quotient-sector
random variable Qinv = q(X) = v(Ep). Nonzero non-reciprocity encloses the reference point with opposite orientations, while

the Hermitian point closes the model-class point gap.

NHSE boundary side-ledger: skin localization
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channel for the quotient sector under the model-class assumptions. Right: noisy invariant recovery bound. When the invariant
readout error § is small, residual task-sector uncertainty remains bounded even though local coordinates are coarse-grained.

principle: critical task identity should be moved from ar-
bitrary complex records into law-like structural identity
whenever possible.

RELATION TO EXISTING THEORY

P4 and O3

P4 supplies the baseline local-forgetting ledger. P7
supplies the protected complement. O3 supplies the
entropy /resource accounting rule: protection does not
make cost disappear, it moves the cost to boundary,
drive, verification, maintenance, or externalization chan-

nels [2, 3].

Non-Hermitian topology

The NHSE literature provides the physical model
class for boundary-sensitive spectral protection, point
gaps, generalized Brillouin zones, and non-Bloch bulk-
boundary correspondence [11, 12, 14, 16-18]. P7 does
not replace that theory. It translates a subset of its struc-
ture into the FDS language of protected task sectors and
accounting boundaries.

Model reduction and coarse-graining

Ordinary model reduction discards local degrees of
freedom. P4 asks what inverse information has been lost.
P7 asks whether a task sector factors through an invari-
ant quotient. Invariant-aware coarse-graining is not less
coarse; it is coarser in local coordinates while retaining
the quotient that matters.

CONCLUSION

P7 defines the protected complement of P4 forgetting.
P4 showed that capacity recovery is not distinction re-
covery: a local record that has discarded task-relevant
preimages cannot reconstruct them without inverse infor-
mation. P7 shows that not all inverse information must
be stored as a local record. Some task sectors can remain
recoverable through quotient invariants, topological side-
ledgers, boundary-sensitive spectral structure, or other
protected carriers.

This does not produce free memory. Topological pro-
tection does not delete entropy production; it relocates
the accounting burden from local erasure to boundary,
drive, verification, and protection maintenance, consis-
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tent with information thermodynamics and stochastic
thermodynamics [7-10]. The physical mark of a topo-
logical transition is therefore the reorganization of for-
getting cost, not the disappearance of cost. The NHSE
model class provides a concrete setting where this reor-
ganization can be modeled, simulated, and tested.

P7 defines the boundary between arbitrary complex
records and law-like structural identity. ~What per-
sists under finite local forgetting is not raw detail, but
invariant-supported task structure. For Physical Al, the
implication is direct: resource-constrained agents should
not merely remember more; they should place critical
task identity into stable physical, morphological, sensori-
motor, or topological quotients that survive local degra-
dation until a protection condition is broken.

At higher levels of FDS organization, symbolic lan-

guage may function as a collective invariant side-ledger:
not a literal physical topology, but a quotient struc-
ture that preserves task identity across local memory
turnover. This analogy is not used in the P7 proof, but
it motivates later FDS applications to symbolic and civ-
ilizational memory.
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