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Finite systems do not lose distinctions only through internal truncation. They also depend on envi-
ronments, baths, instruments, logs, niches, and external carriers whose own memory is finite. FDS-
P4 studied coarse-grained anti-recurrence inside an effective representation: once a non-injective
truncation removes preimage information, later capacity recovery does not reconstruct the erased
distinction unless inverse information is preserved elsewhere. FDS-P3 studies that “elsewhere.”
It develops a finite-bath account of environmental forgetting: environmental side records initially
available for recovery can become operationally unrecoverable through mixing, dilution, finite-bath
saturation, inaccessible correlations, coarse readout, finite update windows, or Markovianization.
The relevant object is not the full bath state, but the accessible environmental readout RY = g.(FE)
induced by the observation channel, latency, cost, and resolution. We define environmental side
records, accessible and hidden bath memory, bath-retained inverse information, Markov closure
error, memory-kernel burden, side-record recovery probability, finite-bath saturation, and an en-
vironmental resource ledger. The central claim is conditional: an effective Markovian description
is valid for a finite active system only when accessible environmental history no longer improves
prediction, recovery, or boundary maintenance at the registered tolerance. P3 does not deny micro-
scopic reversibility, unitary evolution, Liouville dynamics, or Poincaré recurrence [24]. It identifies
the conditions under which a finite system can no longer operationally recover a distinction from its
environment. Deterministic normal-form simulations illustrate finite-bath memory decay, Markov
closure error, memory-kernel burden, side-record recovery, bath saturation, Markovianization win-
dows, environmental ledger costs, a robot side-record worked example, and P3/P4/P7 regimes.
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This paper is a registered FDS
It is not a replacement for

memory kernels; Mori-Zwanzig; Nakajima-Zwanzig; non-
Markovianity; lumpability; open systems; finite memory;

open-system physics, statistical mechanics, stochastic
thermodynamics, hidden Markov models, projection-
operator methods, or Markov-chain theory. It does not
claim that environments literally annihilate microscopic
information. It does not claim that all reservoirs are in-
finite, memoryless, or exactly Markovian. Environmen-
tal forgetting means loss of recoverable inverse informa-
tion relative to an accounting boundary, an observation
channel, an update window, and a task tolerance. The
symbol RE denotes an accessible environmental read-
out, not the full physical bath state. If a side record
remains accessible and recoverable, P3 requires the ac-
counting boundary to include it rather than reinterpret-
ing the case as forgetting.

Claim-status summary

Table T summarizes the main claims, status, and fail-
ure conditions. The formal statements are about con-
ditional information and projection; the physical bridge
statements require specified bath access, finite update
windows, and accounting boundaries.
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INTRODUCTION
From P4 internal loss to P3 environmental forgetting

P4 asks what happens when a finite effective repre-
sentation identifies multiple microstates with one coarse
state. If the internal record loses a task-relevant preim-
age, later capacity recovery does not reconstruct it un-
less inverse information was preserved in a side record,
external ledger, reversible garbage register, environmen-
tal trace, or protected invariant [2]. P3 audits the most
common rescue clause in that sentence: the environment.

The central question is:

If the missing distinction was exported to the
environment, for how long does the environ-
ment keep it recoverable for the finite system
that needs it?

A microscopic universe may remain reversible while a
finite system loses access to the environmental record it
would need for exact recovery. Environmental forgetting
is not annihilation of information. It is failure of opera-
tional recovery from the accessible bath.



TABLE I. Central FDS-P3 claims, status, and failure or demotion conditions.

Claim Status What would weaken or falsify it
Environmental side records Operational FDS A finite system recovers unbounded inverse
have finite accessible recovery bridge information from the environment through a

capacity.

Markovianization is an effective
forgetting condition.

Projection-form
bridge

Memory kernels measure
unresolved environmental
memory.

Finite baths can remember

temporarily, forget caveat
operationally, and recur.
Environmental forgetting FDS bridge

complements P4 internal
truncation.

Finite-record
theorem

Bath saturation forces
collisions, compression,
externalization, verification
cost, or loss of recoverability.

Model-class bridge

Physical/model-class

finite observation channel with no latency, cost,
degradation, or boundary expansion.

A projected process is treated as Markovian
while accessible history measurably improves
prediction or boundary maintenance under the
same variables and accounting boundary.
Eliminated variables never reappear as memory,
noise, or closure error in projected dynamics
despite coupling and non-lumpable projection.
A finite bath is always exactly Markovian and
never returns correlations under any admissible
finite-bath model.

Internal preimages are lost, yet environmental

side records remain fully accessible indefinitely
with bounded cost and no accounting-boundary

change.
A finite accessible bath stores more

distinguishable side records than its operational
capacity without collision, compression,
indexing, erasure, or hidden expansion.

Why finite baths matter

Ideal reservoirs are often modeled as infinite, mem-
oryless sinks. Real side-record media are different. A
finite bath can store correlations temporarily, hide them
in inaccessible degrees of freedom, return them through
recurrence or information backflow, dilute them by mix-
ing, overwrite them through record collision, and make
recovery too slow or costly for the task window. Thus,

finite bath # perfect eraser (1)

and
finite bath # infinite Markovian reservoir. (2)
P3 therefore treats the environment neither as a magical
archive nor as an always-Markovian garbage dump. It

treats environmental records as finite, partially accessi-
ble, and auditable.

P3 in the physical bridge ladder

P3 occupies the environmental side of the FDS physical
bridge ladder. Table IT summarizes the relation [3-5].

Main contributions

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

1. an accessible/hidden decomposition of environmen-
tal side records;

2. an environmental side-record recovery criterion;

3. an operational Markovianization criterion based on
history advantage and JS closure error;

4. a projection-operator interpretation of memory
kernels as unresolved environmental memory;

5. a finite-bath recurrence caveat preventing naive
monotone-forgetting claims;

6. a finite-bath saturation and record-collision theo-
rem;

7. deterministic normal-form simulations and engi-
neering protocols for testing side-record recover-
ability.

FDS BACKGROUND

Active finite distinction systems

An active finite distinction system is represented by
S: (X7E7 B? M?Y7A7 U7 7T7£7 (b?,P7T)’ (3)

where X is internal state, EY 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 pertur-
bation/pruning family, and 7 update timescale [1]. P3
focuseson E, Y, M, U, «, £, ®, and 7.



TABLE II. P3 in the local FDS physical bridge ladder.

Paper Core axis

P3 relation

P4 internal loss

what the effective record loses

P3 environmental forgetting what side records fail to preserve

O3  record turnover
P6 throughput
p7 protection

what environmental record reuse costs
whether recovery happens in time
which records avoid ordinary forgetting

The active-boundary qualification matters. Environ-
mental memory belongs in P3 only if access to environ-
mental records can change prediction, recovery, action, or
future boundary-maintenance loss. Passive correlations
that cannot be read, used, or acted upon by the finite
system are not operational side records.

Capacity deficit and externalization

For a task family W, rate-distortion demand over up-
date window 7 is Rf;i)n(e;‘ll) and internal capacity is

Cs = logy |[M|. The FDS capacity deficit is

A7) =R (¢, ) — Cg. (4)

If A(7) > 0, the system must approximate, externalize,
relax the task, improve compression, or fail [1]. P3 adds
a condition to the externalization branch: an external
record helps only while it remains recoverable through
the system’s accounting boundary.

ENVIRONMENTAL SIDE RECORDS

Definition 1 (Environmental side record). Let X de-
note a task-relevant past state or preimage whose identity
may later matter. An environmental side record at time
t is an environmental carrier

LY =r(E) (5)

that contains recoverable information about Xo for the
system under its observation channel and accounting
boundary.

Definition 2 (Accessible environmental readout). The
environment may contain a full physical state Ey, but the
finite system does not generally access Ey directly. Define
the accessible environmental readout

RtE = gt(Et)7 (6)

where g; includes the observation channel, finite reso-
lution, latency, cost, readout protocol, and accounting
boundary. Equivalently, RE may be read as the accessible
readout o-algebra induced by the system. The hidden bath
EMd denotes environmental variables or correlations not
available through RE within the task window and resource
budget.

Definition 3 (Accessible inverse information). The ac-
cessible inverse information about Xo at time t is

Laco(t) = 1(Xo; RY | My, Your), (7)
and the hidden inverse information is
Inia(t) = I(Xo; B | My, You). (8)

P3 is concerned with IL,..(t), not with metaphysical total
information. The notation RE, if used informally, means
the accessible readout structure RF = g,(E;) rather than
the full physical bath state.

Definition 4 (Environmental forgetting). Environmen-
tal forgetting of Xq in the residual-entropy sense occurs
when

H(Xo | My, RE, Yo.4) > hiols (9)

where hiol s a residual-entropy tolerance measured in
bits. If the task tolerance is a distortion tolerance €, the
recovery condition should instead be expressed through a
Bayes-risk, classification-error, or rate-distortion crite-
rion.

Definition 5 (Bath record capacity). For a finite acces-
sible bath record space Eg, define

Cp = log, [€p]. (10)

For continuous baths, Cp is replaced by a finite-
resolution, noisy-channel, rate-distortion, or operational
readout capacity.

Definition 6 (Side-record recovery probability). The
Bayes-optimal environmental recovery probability is

PE,(t) = Bay, 5 i, [maxple | My, RE,You)] . (11)

For a task alphabet Xy, PE.(t) > 16 is a classification-

rec
style recovery criterion. A distortion-style criterion is

~inf E[d(Xo, Xo)] < €. (12)
Xo=f(M,RE Yo.¢)

These are environmental analogues of the P4 preimage
recovery bound.



TABLE III. P3 environmental recovery decision table. Conditions are operational tests under a fixed accounting boundary,
observation channel, and update window.

Condition FDS interpretation
H(Xo | Mq, RE, Yo:t) < hiol Environment recovers the distinction in residual-entropy form.
H(Xo | My, RE, Yo.t) > hiot but 1(Xo; EFY | My, Yo.:) > 0  Hidden record exists, but is not operationally accessible.
PE@t)>1-6 Bayes recovery succeeds at error tolerance 4.
inf ¢ E[d(Xo, Xo)] <e Distortion/Bayes-risk recovery succeeds.
1(Zsy1; He | Z:) <1 Operational Markovianization by history-advantage test.
Kourden (T) > 1 Unresolved bath memory still matters beyond cutoff T'.
rextl > Cp Finite-bath saturation or record-collision pressure.
Invariant quotient exists P7 protected bypass rather than ordinary side-record recovery.
MARKOVIANIZATION exist. A process can be effectively Markovian for a finite
agent because relevant bath correlations are inaccessible,
Exact and operational Markovianity diluted, below tolerance, outside the update window, or

too costly to recover.

Let Z; = w(X}) be a projected system variable and let

H, denote accessible history, unresolved bath memory,

or hidden variables relevant to prediction. Exact Marko-
vianity requires

P(Zysr | Zo, Hy) = P(Zoss | Z4). (13)

FINITE-BATH MEMORY KERNELS

Projection-operator approaches write the resolved dy-

Operational Markovianization at tolerance 7 requires namics schematically as
only that history adds negligible task-relevant informa-
tion:

d t
SPX, = PLPX, +/ K(t—s)PX,ds + F,, (16)
0

W Zi1s Hy | Zi) <. (14)

where P is a projection, L is a generator, K is a memory
Markov closure error kernel, and F} is an orthogonal noise term [16-18]. Open
quantum versions are often expressed through Nakajima-
A distributional closure error can be defined by Zwanzig memory kernels [15, 17, 19-21].
In FDS terms, K is unresolved environmental memory.
Meny = By Dus(P(Zisr | Zo, Ho) | P(Zea [ Z4)) - (15) 1 g the price of pretending that the bath has forgotten
When M.g,, — 0, accessible history has become opera- while unresolved correlations still influence future bound-
tionally irrelevant for that projected task. This is envi-  ary statistics. Define the kernel burden
ronmental forgetting in the Markovianization sense.

o0
Remark 1 (Relation to lumpability). For a Markov pro- Kpurden(T) = / | K (s)| ds. (17)
cess on a microscopic state space, a projection remains T

Markovian exactly only under the usual lumpability con- ) )
ditions: projected transition probabilities must agree for ~ Lhe norm [K(s)]| is model-class dependent: it may be

all microstates in each coarse fiber [13, 14]. If lumpabil- an operator norm, trace norm, total-variation influence
ity fails, the projected process carries hidden-state mem- ~ DOTIL, OF task—loss—w'elghted kernel norm. If Kpurden (T') <
ory unless environmental mizing or inaccessible bath dy- b th'en fo'r update wm'dows longe.r than 7" the Marl'iov ap-
namics makes the history operationally irrelevant. Re- proximation is operationally valid at tolerance n in that
cent work on memory loss in open quantum systems sup- model class.

ports the view that Markovian behavior can arise as an Finite baths complicate the picture. Kernels may de-
operational loss of recoverable history, rather than as a  cay, plateau, oscillate, or revive. Therefore finite-bath
primitive property of an ideal bath [26]. forgetting is a windowed operational claim, not a univer-

sal monotone theorem. Recent work connects Nakajima-
Zwanzig memory kernels and influence-functional de-

Markovianization is not microscopic erasure scriptions in a unified framework for open quantum dy-
namics with memory [25]. Structured long-memory ker-
Markovianization is an effective boundary condition, nels can also be represented through fractional open-

not a claim that microscopic information has ceased to system dynamics [29].



MAIN CLAIMS

Theorem 1 (Environmental side-record recovery crite-
ria). Let Xo be a task-relevant preimage absent from in-
ternal memory My, and let RE = g,(E}) be the accessible
environmental readout. Environmental recovery at time
t can be registered in any of the following task-dependent
forms:

H(Xo | My, RP, You) < hyol, (18)
Pe(t)>1-4, (19
inf E[d(Xo, Xo)] < e. (20)

Xo=f(M¢,RE Yo.t)

If the registered recovery criterion fails under the fized
accounting boundary, then the distinction is environmen-
tally forgotten relative to that boundary, even if micro-
scopic information remains in Ethid.

Proof. The system’s available recovery variables are M;,
RF , and the observation history Yp.;. The residual-
entropy condition states that the remaining inverse un-
certainty is below the allowed bit tolerance hio. The
Bayes condition states that the maximum-posterior de-
coder succeeds with probability at least 1 — d. The dis-
tortion condition states that some admissible decoder
achieves the task loss tolerance e. If the pre-registered
criterion fails for all decoders using only these variables,
successful recovery requires additional variables, a larger
accounting boundary, a different task tolerance, an in-
variant quotient, or hidden side records. O

Theorem 2 (Operational Markovianization criterion).
Let (Zy,Hy) be a resolved wariable and accessible
history/bath-memory pair. If

WZiy1s He | Z) < (21)

or, alternatively, if a registered distributional closure er-
ror such as Meny < Np,e 15 below tolerance, then Z; is
operationally Markovian for the task at tolerance n or
ND,s respectively. The mutual-information criterion and
the JS closure criterion are parallel operational tests, not
strict mathematical equivalents.

Proof. The history variable H; improves prediction of
Ziy1 over Z; by at most the registered information tol-
erance. A finite task whose loss is insensitive below that
tolerance cannot operationally exploit the additional his-
tory. Thus the Markov closure is valid relative to the
task, variables, and accounting boundary. O

Proposition 1 (Finite-bath non-monotonicity). For a
finite closed or partially observed bath, accessible inverse
information need not decrease monotonically. There can
exist recurrence or backflow times t, such that

Iacc(tr) > Iacc(t'r - At) (22)

Therefore P8 cannot claim universal monotone environ-
mental forgetting. It claims operational forgetting only
over a specified window, observation channel, task toler-
ance, and accounting boundary. A recurrence that occurs
after the task window or beyond the recovery budget does
not operationally rescue the lost distinction.

Theorem 3 (Finite-bath saturation and record colli-
sion). Suppose an accessible bath has operational record
capacity C'g and receives side records at rate Texy bits per
unit time. If over a time interval T,

7nextT‘ > CBa (23)

then at least one exit channel is required: overwrite,
record collision, compression, indexing overhead, exter-
nalization into a larger bath, verification cost, loss of re-
coverability, or task relaxation.

Proof. The bath cannot host more than Cp distinguish-
able accessible record bits under the fixed resolution and
accounting boundary. If the exported record load ex-
ceeds Cp and no exit channel occurs, the bath would
distinguish more record states than its operational capac-
ity permits. Thus some collision, compression, overwrite,
boundary expansion, additional indexing, or recovery loss
is forced. O

ENVIRONMENTAL FORGETTING LEDGER

Side records are not free merely because they are out-
side internal memory. P3 uses a resource-first ledger:

5 E
+ 7e’monitor

Rp3 :RE + RE

write mix/isolate

+ Rgtricvc + 7-\J’gcrify + Rgfrcsh' (24)

When thermal reservoir, heat-channel, and calibration
assumptions are available, this resource ledger may be
connected to an entropy-production ledger. Without
such calibration it remains a resource, latency, accessibil-
ity, or verification ledger [9-12]. Strong-coupling finite-
bath models show that system and bath energetic quan-
tities, entropy production, and work-like resources must
be treated explicitly when the bath is finite and non-
Markovian [27].

An environmental side record survives for the system
only if it can be written, preserved, indexed, retrieved,
verified, and used within the relevant update window and
resource budget. Otherwise it may exist microscopically
while failing operationally.

WORKED EXAMPLE: ROBOT EXTERNAL
MEMORY IS NOT FREE

Consider a mobile robot that loses track of an object
during occlusion. Let X be the object identity and pose



TABLE IV. Core demonstration parameters. Full parameter
values are exported to data/simulation_parameters. json.

Parameter Value / role

Bath sizes 16,64, 256 states (normalized)
Mixing rates 0.018,0.035,0.060

Task alphabet | Xiask| = 8

Markov threshold n = 0.05 JS proxy

Bath capacity C's = 260 normalized record bits

Figures deterministic normal-form demonstrations

before occlusion, M; the robot’s internal memory at the
current time, and RE the accessible environmental read-
out available now: camera buffer, spatial map, external
log, scene trace, environmental cue, or database response.
P3 asks whether X, is recoverable from (M;, RE Vo)
within the task window.

The robot may fail environmental recovery in several
ways. The camera buffer may have been overwritten.
The spatial map may be stale. The external log may
be synchronized too slowly. The object or environment
may have moved, destroying the cue. The database may
contain the old record but be unreachable inside the con-
trol window. In all such cases, the information may exist
somewhere in the world or in a larger data system, but
it is not a usable side record for the embodied agent.

In P3 notation, successful recovery requires either

PE(t)>1-6 (25)

rec

or a task-specific distortion condition such as
E[d(Xo, Xo)] < €. (26)

If these fail while I(Xo; EP4) > 0, the distinction has
not been metaphysically destroyed; it is hidden outside
the agent’s accessible recovery boundary. This is the
Physical-Al form of environmental forgetting.

NUMERICAL DEMONSTRATIONS

The simulations are deterministic normal-form demon-
strations generated by code/generate_results.py.
They illustrate definitions and failure modes rather than
fitting empirical data. No experimental, biological, pro-
prietary, medical, human-subject, or device data are
used.

EXPERIMENTAL AND ENGINEERING
PROTOCOLS

Protocol 1 (Hidden-memory Markov test). Compare
a model using P(Zy11 | Zy) with one using P(Zi1q |
Zy, Hy).  If accessible history improves prediction or
boundary maintenance beyond tolerance, the bath has not
operationally forgotten.

Protocol 2 (Side-record recovery assay). After internal
truncation, attempt recovery of Xo using environmental
records. Estimate PE (t) and H(Xo | My, RE,Yoy). If
recovery fails while hidden bath variables are excluded,
P3 classifies the distinction as environmentally forgotten

relative to the accounting boundary.

Protocol 3 (Bath-size scaling). Vary bath size, mizing
rate, and readout accessibility. Changing bath size and
mixing rate changes the Markovianization window: faster
mixing often reduces accessible history, while finite small
baths may show recurrence, backflow, or non-monotone
recovery.

Protocol 4 (Environmental externalization audit).
Write records into an external medium and vary refresh,
verification, monitoring, and retrieval. Measure recovery
probability, synchronization cost, readout latency, record
collision, and ledger burden.

Protocol 5 (Physical Al memory test). Compare lo-
cal agent memory, external logs, environment-embedded
memory, and invariant/morphological memory.  Re-
port recovery rate, Markov closure error, environmental
ledger, latency, and boundary-maintenance loss.

FALSIFICATION AND DEMOTION
CONDITIONS

P3 is weakened if a finite accessible environment pre-
serves arbitrarily many side records indefinitely with no
cost, no degradation, no collision, no latency, and no
boundary expansion. A Markovianization claim is weak-
ened if accessible history continues to improve task pre-
diction under the same variables and tolerance. A finite-
bath forgetting model is weakened if measured recurrence
or backflow is present but the model assumes monotone
decay. A specific memory-kernel or saturation model may
fail without falsifying the FDS formal core; it should then
be demoted to a narrower model class. If side records sur-
vive, P3 does not fail. It says the accounting boundary
must include them. Non-Markovianity can also act as a
thermodynamic resource rather than merely as a burden;
P3 therefore treats memory as an auditable channel, not
as intrinsically good or bad [28].



Finite-bath memory decay with finite recurrence
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FIG. 1. Left: finite-bath memory decay. Accessible inverse information can decay while small baths exhibit recurrence-like
revivals. Right: Markov closure error. Operational Markovianization occurs when accessible history no longer improves the

projected transition beyond tolerance.
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FIG. 2. Left: memory-kernel burden. Long kernel tails represent unresolved bath memory and increase the cost of Markov
closure. Right: side-record recovery. Environmental records improve Bayes recovery only when they are accessible; hidden

microscopic correlation does not by itself help the finite system.

Finite-bath record saturation

3.59 — exportrate r=2.0 1.0
—— export rate r=5.0
3.0 4 = export rate r=9.0
-~ capacity threshold

Collisions and overwrite reduce recoverability

b4
©

o
®

o
o

exported records / bath capacity
record recovery proxy
°
g

o o r
> w o
o o
PO

Operational Markovianization regimes

1.0 hidden

o
©

history
matters operational

Markovian

recurrence

o
o

Markovianized

accessible readout strength

0.4
non-Markov
2
0 finite=bath
Tecuffence
0.0 transition

0.0 0.2 0.4 0.6 0.8 1.0
bath mixing / dilution strength

FIG. 3. Left: finite-bath saturation. When exported record load exceeds accessible bath capacity, collisions, overwrite,
compression, or recovery loss begins. Right: operational Markovianization regimes. The map is a synthetic threshold diagram,
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P3 between P4 loss and P7 protection
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FIG. 4. Left: environmental side records require a coupled ledger for writing, isolation or mixing control, monitoring, retrieval,
and verification. Right: P3 sits between P4 internal loss and P7 invariant protection: if local records lose preimages, the
environment may recover them, forget them operationally, or be bypassed by invariant protection.



RELATION TO EXISTING THEORY

¢ Open quantum systems study system-bath cou-
pling and non-Markovianity; P3 uses them as finite-
bath memory and backflow model classes [19-21].

¢ Projection-operator methods study projected
dynamics with memory kernels; P3 reads these ker-
nels as unresolved environmental memory [15-18].

e Markov-chain lumpability gives exact closure
conditions for projected dynamics [13, 14, 22, 23].

¢ Information theory supplies side-information
and recovery bounds for accessible inverse informa-
tion [6-8].

e Stochastic thermodynamics supplies resource
and entropy-ledger bridges for
record maintenance [11, 12, 27].

environmental

P3 does not replace these theories. It packages their
common operational implication inside FDS: a finite sys-
tem can use the environment as memory only when the
relevant environmental records remain accessible, recov-
erable, and affordable within the task window.

GLOSSARY

DESIGN IMPLICATION: EXTERNAL MEMORY
IS NOT FREE MEMORY

This section is not part of the formal proof. It ex-
tracts the FDS design rule implied by P3. A physical
AT agent cannot treat the environment, a database, a re-
trieval system, or a world state as an infinite perfectly
indexed memory. External memory is useful only while
it remains recoverable within the task window.

For embodied agents, P3 suggests four rules. First, ex-
ternal logs require refresh, synchronization, and verifica-
tion. Second, environment-embedded memory can drift,
mix, or become inaccessible. Third, high-speed physi-
cal tasks require local or invariant carriers rather than
slow bath recovery. Fourth, robust agents need tests for
when the environment has forgotten: if accessible history
no longer improves prediction or recovery, the memory
should be treated as Markovianized or lost for that task.

CONCLUSION

P4 showed that lost preimages do not return merely
because internal capacity returns. P3 shows that export-
ing inverse information to the environment is not a free
solution. A finite bath may temporarily preserve corre-
lations, but those correlations can mix, saturate, recur,

become inaccessible, or demand verification and retrieval
costs beyond the system’s budget. Markovianization is
therefore not a metaphysical erasure of the past. It is an
operational condition under which accessible history no
longer improves boundary maintenance at the registered
tolerance. A side record is memory only while it remains
accessible, recoverable, affordable, and timely.

Together, P3 and P4 give the two halves of effective for-
getting. The system may lose a distinction internally, and
the environment may fail to return it externally. P7 iden-
tifies a protected exception through invariant quotients;
P6 adds whether any recovery can occur within the re-
quired update window; O3 accounts for record reuse and
environmental ledgers. P3 identifies the environmental
cost of relying on side records.



TABLE V. Core P3 terms.

Term

P3 meaning

side record

accessible readout
hidden bath
environmental forgetting
Markovianization
memory kernel

bath saturation

environmental carrier of recoverable inverse information

RF = g:(F;) usable within boundary, cost, and latency
inaccessible, delayed, too costly, mixed, or unmeasured variables
loss of operational recovery, not microscopic erasure

accessible history no longer improves task prediction

unresolved environmental memory in projected dynamics
exported record load exceeds accessible bath capacity
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