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The FDS formal core distinguishes formal distinctions from physically realized distinctions. A for-
mal distinction is a partition or relation. A physical distinction must be carried by a substrate, read
out with bounded error, retained over a task window, and thermodynamically accounted for when
it is irreversibly reused. FDS-P1 develops the first paper in the Physical Bridge Ladder. It defines
physical distinction carriers, accounting boundaries, side records, distinction-to-noise ratio (DNR),
record-stability windows, erasure maps, dissipative projection, refresh cost, and full-boundary ther-
modynamic accounting. The central boundary statement is conservative: a mathematical projection
does not dissipate heat by itself; a physical irreversible implementation by reset, overwrite, many-
to-one compression, or garbage collection does. Reversible computation does not evade the ledger;
it relocates preimage information into side records, memory-fill pressure, externalization, or later
cleanup. The paper separates maintenance and refresh costs from Landauer-style erasure costs,
and it clarifies how apparent sub-bound operations can arise when side records, feedback memories,
reservoirs, or work sources are omitted from the accounting boundary. Deterministic simulations
illustrate DNR-controlled readout error, thermal retention and refresh cost, accounting-boundary
side records, logical versus dissipative projection, refresh-versus-erasure ledgers, full energy-flow ac-
counting, and the interface between register-time resolution and physical turnover. The paper does
not claim that every distinction dissipates heat, that every measurement is erasure, that Landauer’s
principle is newly derived, or that mathematical coarse-graining alone produces thermodynamic cost.
Its contribution is a physical accounting interface between finite distinctions and thermodynamic
implementation.

Scope and Boundary of the Theory. This paper is
a physical bridge, not a derivation of thermodynamics
from the distinction primitive. It does not assert that
every formal distinction is physical, costly, or entropic.
It does not assert that reading, copying, sensing, mea-
surement, or reversible computation necessarily pays
a Landauer erasure cost. It claims only that task-
available physical distinctions require carriers, readout
reliability, retention windows, and accounting bound-
aries; and that physically implemented logically irre-
versible reset, overwrite, many-to-one compression, or
garbage collection requires generalized Landauer ac-
counting under the relevant thermodynamic conditions.

Claim-status summary

Table I summarizes the central FDS-P1 claims, their
epistemic status, and the conditions under which they
should be weakened or rejected.

Keywords: physical distinction carriers; accounting
boundary; distinction-to-noise ratio; finite records; Lan-
dauer principle; erasure maps; dissipative projection; re-
fresh cost; record stability; reversible computation; side
records; housekeeping dissipation; information thermo-
dynamics; active finite distinction systems.

INTRODUCTION

Why P1 is needed

The FDS formal core starts from distinctions, but it
explicitly separates a purely formal distinction from a
physically realized record. A formal distinction is a log-
ical separation. A realized distinction in an active finite
system is an operational state maintained under finite ca-
pacity, update, noise, and resource constraints [1]. P1 is
needed because later FDS papers use projections, regis-
ters, erasure, overflow, and invariant persistence. With-
out a physical accounting layer, those words can be mis-
read as a category error: treating a mathematical map
as a heat engine.

The P1 bridge is

formal distinction → carrier → record

→ accounting boundary → erasure map

→ thermodynamic ledger.

(1)

This chain is narrower than the full FDS core. It
does not treat life, cognition, geometry, topology, or so-
cial systems. It supplies the physical compliance layer
needed for P2 on bounded-memory reversible computa-
tion, P5 on entropy production in active finite systems,
O3 on finite-memory Second-Law channels, and P7 on
invariant-supported persistence.
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TABLE I. Central FDS-P1 claims, epistemic status, and failure or demotion conditions.

Claim Status What would weaken or falsify it

Task-available physical
distinctions require carriers,
readout reliability, and retention
windows.

Operational
definition

A finite physical system uses a distinction for
a task without any carrier state, readable
trace, retention interval, or external record.

Readout reliability is controlled
by distinction-to-noise ratio and
carrier-state overlap.

Testable bridge Readout error remains invariant as state
separation, noise variance, temperature, drift,
or bandwidth are varied under controlled
measurement.

The accounting boundary
determines whether missing
preimage information is erasure,
side memory, externalization, or
hidden-reservoir correlation.

Accounting
principle

Full-boundary audits show that preimage
information can be absent, stored, erased, and
externalized without any boundary-dependent
difference.

Many-to-one maps lose preimage
information H(X|Y ) unless side
records are included.

Formal theorem A non-injective deterministic map preserves
enough information in its output alone to
reconstruct every input under all nontrivial
priors.

Mathematical projection is not
heat; dissipative projection is a
physical implementation claim.

Boundary
statement

Not a direct empirical claim; it separates
abstract maps from physical implementations.

Refresh cost and erasure cost are
distinct ledger terms.

Testable
accounting claim

Holding, refresh, clocking, isolation, and reset
costs prove inseparable in every controlled
implementation.

Reversible logging delays erasure
by increasing memory-fill,
synchronization, and later
cleanup burden.

Conditional
physical bridge

Bounded-memory reversible systems sustain
unbounded updates indefinitely without
memory growth, externalization, compression,
cleanup, or failure.

Main boundary statement

The central boundary statement is

mathematical projection is not heat;

irreversible physical implementation is.
(2)

A map π : X → Z may be many-to-one as an abstract
description. That fact alone does not imply that a device
has dissipated heat. Heat enters only when a physical
substrate performs a logically irreversible operation such
as reset, overwrite, many-to-one compression, or garbage
collection under the physical assumptions of Landauer-
style accounting.

This boundary is essential because FDS-O1, FDS-O2,
and FDS-T3 all use finite projection and non-injective
update [2–5]. P1 specifies when those projections become
thermodynamic events.

Contributions

This paper makes eight contributions.

1. It defines physical distinction carriers and task-
available records.

2. It introduces DNR as a measurable carrier-
qualification variable.

3. It defines accounting boundaries as sets of physical
degrees of freedom included in the ledger.

4. It distinguishes erasure, side-record memory
growth, externalization, and reservoir correlation.

5. It defines logical projection versus dissipative pro-
jection.

6. It separates refresh, holding, clocking, and isolation
costs from Landauer-style erasure costs.

7. It states the O2 interface: sharper register time
requires higher physical turnover and, when ir-
reversible reuse is involved, higher housekeeping
power.

8. It provides deterministic synthetic simulations and
reproducible code.

RELATED WORK

Information, records, and capacity

Shannon information theory provides the language
of distinguishable messages, channel limits, and coding
[6, 9]. Rate-distortion theory specifies how much infor-
mation is needed to represent a source at tolerated dis-
tortion [7, 8]. FDS uses these tools operationally: a finite
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system can only use distinctions that are carried by finite
records and processed through finite channels.

Landauer, Bennett, and information
thermodynamics

Landauer’s principle links logically irreversible erasure
to heat generation in a physical substrate [10]. Bennett
showed that computation can in principle be arranged
reversibly when adequate memory and garbage manage-
ment are available [11]. Experiments and modern infor-
mation thermodynamics refine this relation under feed-
back, finite-time protocols, correlations, and nonequilib-
rium conditions [13–19]. Recent many-body experiments
further emphasize that generalized Landauer account-
ing depends on the chosen system–environment partition
and on mutual-information and relative-entropy contri-
butions [20]. P1 follows the conservative reading: erasure
cost attaches to physical logically irreversible implemen-
tation, not to all information processing.

FDS core and the physical bridge

The FDS core defines logical erasure per update by

bt = H(Mt | Mt+1, Yt), (3)

and under a physical Landauer bridge gives the informa-
tional heat-rate floor

Q̇info ≥ kBT ln 2

τ
H(Mt | Mt+1, Yt). (4)

It also separates informational heat from physical losses
such as control, coupling, leakage, friction, error correc-
tion, clocking, isolation, and transport [1]. P1 is the
standalone paper that spells out the carrier, boundary,
erasure-map, and implementation assumptions behind
Eq. (4).

PHYSICAL DISTINCTION CARRIERS

Definition 1 (Formal distinction). A formal distinction
is a nontrivial separation of alternatives in a possibility
space, such as a partition D = {Ai}ni=1 with n ≥ 2.

Definition 2 (Physical distinction carrier). A physical
distinction carrier for a distinction value d ∈ {1, . . . , n}
is a family of physical states {sd} and a readout procedure
R such that

P(R(sd) = d) ≥ 1− ε (5)

within a specified task interval, physical boundary, and
measurement context.

A distinction is therefore not task-available merely be-
cause a formal partition exists. It is task-available only
when a physical carrier can be read and retained with
sufficient reliability.

Distinction-to-noise ratio

For scalar readout with two equal-variance Gaussian
carrier states, define

DNR =
|µ1 − µ0|

σ
. (6)

More generally, for vector readout with covariance Σ,

DNR2 = (µ1 − µ0)
TΣ−1(µ1 − µ0). (7)

For equal priors and equal-variance scalar readout, the
Bayes error is

Pe = Φ

(
−DNR

2

)
=

1

2
erfc

(
DNR

2
√
2

)
, (8)

where Φ is the standard normal cumulative distribution.

Criterion 1 (Carrier qualification by DNR). For a task
with tolerated readout error ε, a binary carrier satisfies
the DNR qualification if Pe(DNR) ≤ ε under the specified
readout model. In non-Gaussian cases, the DNR may be
replaced by the optimal classifier error or another pre-
registered distinguishability margin.

DNR is not a new physical law. It is a diagnostic in-
terface between formal distinctions and physical readout.
When thermal noise, drift, overlap, or bandwidth limita-
tions reduce DNR, a carrier can lose task availability even
though the formal partition still exists.

Record stability and retention window

Definition 3 (Record stability window). A physical dis-
tinction carrier has a record stability window τrec(ε) if

P(d̂(t′) = d | d̂(t) = d) ≥ 1−ε for all 0 ≤ t′−t ≤ τrec(ε).
(9)

It is task-available over a task window τtask only if
τrec(ε) ≥ τtask or if refresh, error correction, or exter-
nal records supply an equivalent retention function.

A simple thermal-barrier model gives

τrec ≈ τ0 exp(Eb/kBT ), (10)

where Eb is an effective barrier and τ0 a microscopic
timescale. This is a toy retention model, not a universal
law. It makes one point explicit: a record is physical only
relative to stability under noise. Device-level memory
studies likewise show that retention is a physical carrier
property, controlled by material stability, diffusion, and
thermodynamic phase structure rather than by abstract
bit labels alone [21].
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Proposition 1 (Carrier criterion). A distinction is phys-
ically task-available only relative to a carrier, readout tol-
erance, task window, and accounting boundary.

Proof. If there is no carrier, no physical state differs be-
tween alternatives. If there is no reliable readout, the
alternatives cannot be operationally used. If the car-
rier does not remain stable or refreshed over the task
window, the distinction is unavailable when needed. If
the accounting boundary excludes the carrier or its side
records, the distinction may be physically present else-
where but unavailable to the system under that bound-
ary.

ACCOUNTING BOUNDARIES AND SIDE
RECORDS

Definition 4 (Accounting boundary). An accounting
boundary A is the set of physical degrees of freedom in-
cluded in the thermodynamic and information ledger for
an operation:

A = {qi : i ∈ I}. (11)

It may include a visible register, side records, feedback-
controller memory, error-correction syndromes, work
reservoirs, clocking systems, external logs, and thermal
reservoirs, depending on the audit.

The same physical process can look reversible, irre-
versible, sub-bound, or externalized depending on which
degrees of freedom are included. P1 therefore treats era-
sure as boundary-relative.

Let X be the pre-update record, Y the visible post-
update record, GA side information retained inside A,
and GĀ side information transferred outside A.

Definition 5 (Erasure relative to an accounting bound-
ary). The preimage information erased relative to A is

LA = H(X | Y,GA). (12)

If GA contains enough side information to reconstruct
X, then LA = 0 even if H(X | Y ) > 0.

Proposition 2 (Side-record relocation). If an imple-
mentation embeds a many-to-one visible map into an in-
jective enlarged map

X 7−→ (Y,GA) (13)

with H(X | Y,GA) = 0, then no erasure has occurred
relative to A. The cost has been relocated to memory fill,
carrier maintenance, synchronization, externalization, or
later garbage cleanup.

Proof. By definition, erasure relative to A is H(X |
Y,GA). If the enlarged record is injective, the condi-
tional entropy is zero. The preimage information re-
mains present in A, so the operation avoids immediate

Landauer erasure relative to that boundary. However,
the retained side record occupies physical memory and
must be carried, protected, synchronized, or eventually
erased.

This is the P1 interface to reversible computation. Re-
versible computation does not make the ledger disappear;
it enlarges the accounting boundary and delays payment
[12]. Reversible logic delays erasure by retaining preim-
age information in side registers, at the cost of memory-
fill pressure, refresh overhead, and eventual cleanup.

Proposition 3 (Accounting-boundary monotonicity). If
A ⊆ A′, then LA′ ≤ LA, where LA = H(X | Y,GA).
Enlarging the accounting boundary to include additional
side records, controller memory, or reservoir correlations
cannot increase the erased preimage information; it can
only reduce or leave it unchanged.

Proof. Adding degrees of freedom to GA cannot increase
the conditional entropy H(X | Y,GA) because condi-
tioning on additional variables never increases entropy.
Hence LA′ ≤ LA.

Sub-bound erasure illusion. The monotonicity propo-
sition gives a formal handle on a central P1 theme. If an
experimental or computational system appears to erase
information without heat, it may be using a narrower ac-
counting boundary that excludes side records, feedback
memories, or reservoir correlations. The apparent sub-
Landauer or sub-bound erasure is real relative to that
boundary but does not violate full-boundary accounting
when the boundary is widened.

ERASURE MAPS AND DISSIPATIVE
PROJECTION

Definition 6 (Erasure map). Let X be a pre-update
physical record space and Y a post-update visible record
space. A deterministic update f : X → Y is an erasure
map relative to a prior distribution PX and an account-
ing boundary A if f is many-to-one on a set of nonzero
probability and the missing preimage is not retained in
GA.

Definition 7 (Preimage loss). For a visible deterministic
map Y = f(X), the visible preimage loss is

Lf = H(X | Y ). (14)

For deterministic f ,

Lf = H(X)−H(Y ). (15)

The erasure relevant to boundary A is LA = H(X |
Y,GA). We call LA the residual irreversibility of the op-
eration relative to the accounting boundary A. It is the
part of the preimage that remains unrecoverable after all
side records included in the ledger have been conditioned
on.
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Theorem 1 (Non-injective updates lose inverse informa-
tion). If f : X → Y is non-injective on a set of positive
probability and the output does not include side informa-
tion selecting the preimage, then H(X | Y ) > 0 for some
admissible priors. The output alone cannot reconstruct
every input.

Proof. Since f is non-injective, there exists y ∈ Y with
distinct preimages x1, x2 such that f(x1) = f(x2) = y.
Choose a prior assigning positive probability to both
x1 and x2. Conditioning on Y = y leaves at least
two possible inputs with positive probability. Hence
H(X | Y = y) > 0, and therefore H(X | Y ) > 0.

Definition 8 (Logical projection). A logical projection is
an abstract or descriptive many-to-one map π : X → Z.
It can be used in a mathematical model without specifying
any physical implementation.

Definition 9 (Dissipative projection). A dissipative pro-
jection ΠA

diss is a physical implementation of a many-
to-one map inside accounting boundary A that discards
preimage information by reset, overwrite, many-to-one
compression, or garbage collection. It is an implementa-
tion claim, not a property of the abstract map alone.

Thus,

logical projection ̸= dissipative projection. (16)

A finite projection in T3 or a non-injective update in
O2 becomes thermodynamic only when it is physically
implemented in this stronger sense.

THE LANDAUER ACCOUNTING BRIDGE

Assumption 1 (Landauer accounting bridge). If a phys-
ical implementation within accounting boundary A re-
liably realizes a logically irreversible map with erased
preimage information LA bits while coupled to a ther-
mal environment at temperature T > 0, then the minimal
heat dumped to the environment under ideal quasistatic
accounting satisfies

QA
min ≥ kBT ln 2 LA. (17)

Finite-time, finite-bath, feedback, correlated, strong-
coupling, quantum, or nonideal implementations require
generalized accounting and may dissipate more than this
ideal floor.

Theorem 2 (Boundary-relative erasure heat floor). For
a physical many-to-one implementation satisfying the
Landauer accounting bridge, the informational heat obeys
Eq. (17). For repeated updates at timescale τ ,

Q̇A
info ≥ kBT ln 2

τ
H(Xt | Yt, GA,t). (18)

Proof. H(Xt | Yt, GA,t) is the average missing preimage
information after all side records inside A are included.
Under the physical bridge, each erased bit contributes at
least kBT ln 2 of heat in the ideal limit. Dividing by the
update timescale gives the rate form.

Remark 1 (Sub-bound appearances). If an experiment
appears to erase below the ideal bound, P1 requires au-
diting A: side records, feedback memories, measurement
correlations, work reservoirs, clocking systems, and ther-
mal reservoirs. A persistent reliable violation after full
accounting would demote the physical bridge, not the for-
mal FDS core.

MAINTENANCE, REFRESH, AND ERASURE
LEDGERS

A stable physical record can cost resources even when
no erasure occurs. Holding a carrier away from thermal
equilibrium, refreshing a leaky memory cell, maintaining
an error-correcting code, stabilizing a molecular state,
or synchronizing a clock can all carry physical cost. P1
separates the ledger:

Q̇total = Q̇phys + Q̇info, (19)

where Q̇info is the logically irreversible preimage-erasure
floor and Q̇phys includes non-erasure physical overhead.
A useful decomposition is

Q̇phys = Q̇hold + Q̇refresh + Q̇read + Q̇ctrl + Q̇sync

+ Q̇ec + Q̇clock + Q̇isolate + Q̇transport + · · · .
(20)

The exact terms are device- and domain-specific. The
point is not to replace engineering power models with one
formula. It is to avoid conflating all cost with Landauer
erasure.

Definition 10 (Refresh cost). Refresh cost is the phys-
ical power required to preserve an existing distinction
against leakage, drift, diffusion, thermal switching, de-
coherence, demagnetization, chemical turnover, or other
destabilizing processes. For an event-based refresh model
one may write

Q̇refresh = η−1
refErefreshfrefresh, Erefresh = αEb, (21)

where Eb is an effective stability barrier, α is an
implementation-dependent repair fraction, and ηref ∈
(0, 1] is a refresh-efficiency factor. This is not a uni-
versal law for memory maintenance; it is a dimensional
accounting proxy for systems whose retention is main-
tained by discrete refresh or repair events.

Definition 11 (Housekeeping dissipation). Housekeep-
ing dissipation is the ongoing physical cost of maintain-
ing a record-bearing boundary, including holding, refresh,
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synchronization, error correction, isolation, clocking, and
irreversible reuse.

Proposition 4 (Bounded-memory reuse pressure). A
system with finite memory undergoing sustained updates
must eventually choose among increased memory, ex-
ternalization, reversible side-record accumulation, irre-
versible cleanup, lossy compression, task relaxation, or
failure.

Proof. If every update is logged reversibly, memory de-
mand grows with the number of retained preimage dis-
tinctions. With bounded memory, this growth cannot
continue indefinitely. If memory does not increase and
side records are not externalized, the system must com-
press, erase, reset, relax the task, or fail to retain the
preimage. If it performs irreversible cleanup, the erased
information enters the Landauer accounting term.

This proposition is the direct setup for FDS-P2. P1
defines the ledger. P2 studies the dynamics of bounded-
memory reversible computation under that ledger.

INTERFACE WITH REGISTER TIME

FDS-O2 treats usable temporal order as finite-record
update. P1 supplies the physical turnover account. If a
finite register maintains clock ticks of btick bits at resolu-
tion ∆t, the update throughput satisfies

İupdate ≳
btick
∆t

. (22)

If berase bits are irreversibly reused per tick, then the
Landauer-style lower bound scales as

Perase ≥ kBT ln 2
berase
∆t

. (23)

This is not a claim of exponential cost. The lower bound
is at least linear in irreversible turnover rate. Real
systems may incur superlinear engineering costs when
sharper timing requires stronger isolation, refresh, error
correction, synchronization, or clocking.

Thus sharper register time requires more physical up-
dating:

∆t ↓ ⇒ İupdate ↑, Q̇refresh + Q̇erase + Q̇clock ↑ (24)

under the relevant implementation assumptions.

NUMERICAL MODELS AND SIMULATIONS

The simulations are deterministic synthetic demon-
strations. They are not fits to physical memory devices,
detector data, quantum experiments, AI benchmarks, or
biological records. They provide reproducible model di-
agrams for the P1 accounting layer. All figures and CSV
outputs are generated by code/generate results.py.
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FIG. 1. DNR controls physical carrier qualification. For two
equal-variance Gaussian carrier states, readout error falls as
DNR = |µ1 − µ0|/σ increases. A formal distinction becomes
task-available only when the physical carrier clears the task
tolerance.
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FIG. 2. Record stability and refresh cost. A barrier model
gives an Arrhenius-like intrinsic lifetime. When intrinsic life-
time is shorter than the task window, the distinction requires
refresh, error correction, or externalization to remain task-
available.

Carrier qualification

Figures 1 and 2 illustrate the carrier criterion. DNR
controls readout reliability. Barrier height and tempera-
ture control retention in the toy model. Both are physical
properties of carriers, not properties of the formal parti-
tion alone.

Accounting boundaries and dissipative projection

Figures 3 and 4 show why boundary choice matters. A
many-to-one visible map can be reversible relative to an
enlarged boundary if side records retain the preimage. It
becomes dissipative projection when the physical imple-
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FIG. 3. Accounting boundary separates erasure from side-
record pressure. If missing preimage information is retained
inside A as side records, immediate erasure relative to A falls
but memory-fill pressure grows. If no side records are re-
tained, the visible many-to-one map incurs erasure relative to
A.
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FIG. 4. Logical projection versus dissipative projection. An
abstract projection has no thermodynamic ledger by itself.
Physical overwrite accumulates erasure cost immediately. Re-
versible logging delays erasure by increasing side memory and
later cleanup burden.

mentation irreversibly discards that preimage within the
accounting boundary.

Refresh, full-boundary accounting, and time
resolution

Figure 5 separates maintenance from erasure. Figure 6
visualizes the accounting-boundary audit. Figure 7 con-
nects P1 to O2 by showing how finer register time forces
higher physical turnover.
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FIG. 5. Refresh cost and erasure cost are distinct ledger
terms. Maintaining stable records can require ongoing hold-
ing, refresh, and clocking cost even when no erasure occurs.
Batched cleanup adds a separate erasure floor.
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FIG. 6. Full accounting boundary can remove sub-bound il-
lusion. Counting only visible heat can make an operation
appear below the full erasure account. Including side records,
feedback memory, work sources, and reservoirs restores the
complete boundary ledger. Values are illustrative accounting
units.

EXPERIMENTAL PROTOCOLS

Protocol 1 (DNR and carrier readout test). Prepare
two or more physical carrier states with tunable separa-
tion and noise. Measure the confusion matrix P (d̂ | d) as
a function of margin, temperature, drift, or measurement
bandwidth. P1 predicts that task-available distinctions re-
quire readout error below the task tolerance.

Protocol 2 (Retention and refresh test). Prepare a
record and vary barrier height, temperature, isolation, or
refresh rate. Measure τrec(ε) and compare it to τtask. P1
predicts loss of task availability when τrec < τtask unless
refresh, error correction, or external records compensate.
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FIG. 7. Sharper register time requires higher turnover. De-
creasing tick interval increases update throughput. If irre-
versible reuse occurs per tick, the lower-bound erasure power
scales at least with turnover rate; nonideal engineering over-
head may grow faster.

Protocol 3 (Accounting-boundary audit). Implement
a visible many-to-one map and progressively include
side registers, feedback memories, reservoirs, and work
sources in A. P1 predicts that erasure relative to A is
H(X | Y,GA), not simply H(X | Y ).

Protocol 4 (Projection versus implementation test).
Compare three implementations of the same coarse map:
abstract offline description, reversible logging of preim-
age information, and irreversible overwrite. P1 predicts
no heat statement for the abstract map, growing memory
for reversible logging, and erasure accounting for over-
write or cleanup.

Protocol 5 (Refresh-erasure separation). Operate a
memory system with fixed record set and no reset, then
with periodic reset under the same holding conditions.
Estimate holding/refresh/clocking cost separately from
erasure-event heat. P1 predicts that these ledgers are con-
ceptually and often experimentally separable.

Protocol 6 (Register-time turnover test). Increase clock
or update resolution while measuring refresh, clocking,
error-correction, and erase/reset power. P1 predicts that
the erasure lower bound grows at least with irreversible
turnover rate, while engineering overhead may grow su-
perlinearly depending on implementation.

LIMITATIONS AND FALSIFICATION

First, P1 is not a universal theory of thermodynamics.
It is a bridge between physical records and logically irre-
versible information loss. Second, it does not claim that
every distinction has a thermodynamic cost. Formal dis-
tinctions can remain formal. Physical distinctions can be

maintained reversibly or with costs dominated by engi-
neering overhead rather than erasure. Third, it does not
claim that every measurement is erasure. Fourth, it does
not resolve debates over the exact scope of Landauer’s
principle in every finite-time, finite-bath, quantum, cor-
related, feedback, or strong-coupling setting. Fifth, the
simulations are synthetic demonstrations.
The strong version of FDS-P1 would be weakened or

rejected by any of the following:

1. a task-available physical distinction used by a finite
system without carrier state, readout contrast, re-
tention interval, causal trace, or external record;

2. controlled readout experiments in which state over-
lap, noise, drift, or DNR have no effect on reliabil-
ity;

3. a many-to-one physical reset whose visible output
alone reconstructs every input without side infor-
mation;

4. reliable logically irreversible erasure below gen-
eralized Landauer accounting after all reservoirs,
correlations, feedback records, work sources, side
records, and boundary choices are included;

5. bounded-memory reversible systems that sustain
unbounded updates without memory growth, ex-
ternalization, cleanup, compression, or failure;

6. experiments showing that holding, refresh, clock-
ing, and reset costs cannot be separated under any
implementation;

7. systems maintaining arbitrarily fine register-time
resolution without increased update throughput,
refresh, clocking, or erasure burden.

CONCLUSION

FDS-P1 supplies the first rung of the Physical Bridge
Ladder. It takes a concept that is formal in the FDS
core–distinction–and specifies the physical conditions un-
der which it becomes a usable record. The result is
not a new derivation of Landauer’s principle. It is an
accounting framework for finite distinction systems: a
physical distinction must be carried, readable, stable, and
bounded; side records must be included or excluded ex-
plicitly; a many-to-one erasure map loses preimage infor-
mation relative to an accounting boundary; and a phys-
ical irreversible implementation of that loss enters the
thermodynamic ledger.
The most compact statement is this: formal distinc-

tions separate possibilities, but physical distinctions must
be carried by finite records. Mathematical projection is
not heat. Dissipative projection is a physical implemen-
tation with an accounting boundary. When finite records
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are irreversibly reused, the erased preimage enters the
heat account; when they are preserved reversibly, the cost
reappears as memory fill, refresh, synchronization, exter-
nalization, or later cleanup. This is the bridge needed be-
fore one can discuss bounded-memory reversible compu-
tation, housekeeping dissipation, finite-memory entropy
production, or topological obstruction to forgetting.

Generalized Carrier Distinguishability Metrics

The main text uses distinction-to-noise ratio (DNR) as
the primary distinguishability metric for physical carri-
ers. DNR is intuitive, experimentally accessible, and easy
to visualize. However, the carrier criterion generalizes to
any pre-registered distinguishability margin. A physical
carrier qualifies for a task when a pre-registered error
measure falls below the task tolerance, or equivalently
when a pre-registered distinguishability margin exceeds
the required threshold.

Each metric has domain-specific advantages. Total
variation and Helstrom bound are prior-free operational
error probabilities. Chernoff information gives the opti-
mal error exponent for repeated or sequential discrim-
ination. Fisher information connects distinguishabil-
ity to parameter-estimation precision and Cramér–Rao
bounds. In quantum carriers with equal priors, the Hel-
strom bound gives P ∗

e = 1
2

(
1− 1

2∥ρ1 − ρ2∥1
)
. More gen-

erally, P ∗
e = 1

2

(
1− ∥π0ρ0 − π1ρ1∥1

)
for arbitrary priors.

For a given task with tolerance ϵ, the carrier qualifies
if

P ∗
e (readout | carrier states) ≤ ϵ, (25)

where P ∗
e is the minimum achievable classification error

under the relevant physical readout constraints. DNR is
the Gaussian binary special case of this criterion. The
choice of metric is pre-registered as part of the experi-
mental protocol.

Notation Summary

Simulation Parameters

The simulations are deterministic and use fixed syn-
thetic parameters in code/generate results.py. Fig-
ure 1 uses the Gaussian readout error Pe = Φ(−DNR/2).
Figure 2 uses the Arrhenius lifetime proxy τrec =
τ0 exp(Eb/kBT ) and an event-based refresh power proxy.
Figure 3 maps 256 inputs to 16 visible classes and varies
the fraction of missing preimage information retained in-
side A. Figure 4 compares abstract projection, physical
overwrite, reversible logging, and delayed cleanup. Fig-
ure 5 separates holding, refresh, clocking, and erasure
events. Figure 6 is an illustrative full-boundary account-
ing diagram. Figure 7 uses btick/∆t and berase/∆t proxies

for register-time turnover. No proprietary, device, biolog-
ical, quantum, or human-subject data are used.

Reproducibility Checklist

1. Code availability: all simulation code is included in
the replication package.

2. Deterministic execution: the random seed is fixed
where randomness is used.

3. Figure reproduction: run python

code/generate results.py; the script regen-
erates all figures and CSV outputs.

4. Data status: all numerical outputs are synthetic
demonstrations generated from the stated model.

5. Platform independence: the code uses standard
Python scientific libraries.

Code Availability

The simulation code used to generate Figs. 1–7 is in-
cluded in the accompanying replication package under
code/generate results.py. Running the script regen-
erates all figures (PDF and PNG) and CSV tables in a
single pass.

AI Assistance Disclosure

AI-assisted tools were used for language polishing,
structural feedback, LaTeX drafting support, and code-
debugging assistance. The author reviewed and edited
all content and remains responsible for all claims, ref-
erences, simulations, and conclusions. No AI system is
listed as an author.
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