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FDS-P6 develops the speed-precision-dissipation paper in the physical bridge sequence of Finite
Distinction Systems. P4 studied coarse-grained anti-recurrence: capacity recovery does not recon-
struct distinctions erased by a non-injective bottleneck unless inverse information is carried by side
records or an enlarged accounting boundary. O3 studied finite-memory record reuse as an opera-
tional entropy/resource channel. P7 studied the complementary case in which task identity is carried
by invariant quotients or topological side-ledgers. P6 adds the missing dynamic axis: a boundary
distinction must not only be representable or recoverable; it must be maintained within a finite up-
date window, at finite precision, under finite resource input. We formalize boundary-maintenance
throughput, bottleneck internal rate, precision demand, confidence cost, correction burden, effec-
tive causal reach, externalization relief, invariant-compression relief, and a resource-first dissipation
ledger. The central result is a conditional exit theorem: if the rate-distortion demand required for
boundary maintenance at tolerance € over update window 7 exceeds the sustainable internal update-
throughput capacity, the system must enter at least one exit channel-higher resource/dissipation
cost, increased error, latency growth, task relaxation, externalization, invariant compression, re-
source expansion, or boundary failure. The paper does not replace thermodynamic uncertainty
relations, quantum speed limits, stochastic thermodynamics, information thermodynamics, rate-
distortion theory, or control under communication constraints. It provides an FDS accounting
bridge for real-time survival under finite capacity, physical record turnover, causal bandwidth, and
boundary-maintenance loss. Deterministic numerical demonstrations illustrate speed-precision load
surfaces, resource ledgers, error floors under finite power, effective causal reachability, externaliza-
tion break-even, invariant-compression relief, regime diagrams, and a Physical-Al worked example

normal form.

Reader contract. This paper is a registered FDS
physical-bridge paper. It does not derive all physical
speed limits from FDS alone. It does not claim that
every update costs exactly kg7 In2, nor that speed,
precision, and dissipation obey a single universal scalar
law in every system. Recent quantum many-body
clock models show that precision can scale more favor-
ably than simple linear entropy-cost intuitions suggest,
reinforcing why P6 is formulated as an exit-channel
accounting framework rather than a universal scalar
precision-dissipation law [22]. In P6, “dissipation” is
used in a broad physical-ledger sense unless a thermal
reservoir calibration is explicitly supplied. The formal
exit theorems are throughput/resource theorems; ther-
modynamic dissipation bounds arise only under addi-
tional physical calibration. P6 provides a quantitative
audit standard for real-time survival in embodied fi-
nite systems. A distinction that cannot be updated,
verified, corrected, or acted upon within the relevant
update window is not operationally maintained.

Claim-status summary

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

INTRODUCTION
The missing dynamic axis

P4 established a recovery asymmetry: when a non-
injective truncation removes task-relevant preimage in-
formation from the effective record, later capacity recov-
ery does not reconstruct the erased distinction without
side information [2]. P7 established the protected com-
plement: some task identity can be carried by an invari-
ant quotient Qi,y = ¢(X) rather than by ordinary local
memory [4]. O3 established that finite-memory record
turnover enters a coupled entropy/resource ledger when
physical records must be reused, refreshed, repaired, syn-
chronized, externalized, or erased [3].

P6 adds the missing dynamic axis. A finite system
may have enough capacity to represent a distinction and
may even know which invariant quotient matters, yet fail
if it cannot update, verify, correct, or act on that dis-
tinction fast enough and accurately enough to maintain
its boundary. A boundary-maintaining system is not a
static database. It is a finite physical process operat-
ing over an update window 7. The relation to existing
theories (rate-distortion, thermodynamic uncertainty re-
lations, quantum speed limits, control theory) is summa-
rized in Table IV; P6 does not replace these theories but



TABLE I. Central FDS-P6 claims, status, and failure or demotion conditions.

Claim Status

What would weaken or falsify it

Boundary maintenance requires
finite update throughput.

Speed and precision jointly
increase maintenance burden.

Bottleneck
definition

The sustainable internal rate is
bottlenecked by sensing,
updating, verification,
correction, action, and

resources. ) )
Correction and verification

belong in the resource ledger.

0O3-compatible
physical bridge

Effective causal update
bandwidth limits real-time
maintenance.

bridge

Externalization and invariant
compression are relief channels,
not free exits.

bridge

Formal FDS claim

Operational bridge

P4/P7-compatible

A time-varying boundary is maintained without
updating, verifying, storing, externalizing,
protecting, or acting on any task-relevant

distinction. . . .
Faster and more precise maintenance is

sustained indefinitely at fixed representation
and fixed resource input, with no extra
dissipation, error, latency, externalization,

invariant compression, or failure.
A system exceeds its slowest internal channel

indefinitely without queueing, latency, loss,
externalization, or resource expansion.

Physical correction, refresh, verification,
synchronization, overwrite, and recovery are
cost-free under the stated implementation
assumptions.

Physical /engineering A finite observer integrates arbitrarily distant

boundary-relevant information within a finite
update window with no latency, no prediction

burden, and no effective signal-speed limit.
External ledgers or invariant quotients reduce

internal demand with no write,
synchronization, verification, protection,
latency, or boundary-accounting cost.

places them inside a boundary-maintenance accounting
problem.

The physical bridge ladder

P6 is placed in the FDS physical bridge ladder as shown
in Table II. Its role is not to replace P4, O3, or P7, but
to bind them into a throughput constraint.

TABLE II. P6 in the local physical bridge ladder.

P6 relation

Paper Core axis

lost preimages cannot be
speed-recovered
update channels enter a ledger

P4 recoverability

03 record

turnover

P6 throughput speed, precision, and cost

constrain maintenance
quotients reduce maintained

detail but not all cost

P7 protection

Speed, precision, and resource ledgers

Speed means how often the boundary-relevant state
must be refreshed or acted upon. Precision means how
tightly the maintained representation must approximate
the task-relevant boundary statistic. Dissipation means
the physical resource or entropy ledger associated with
sensing, updating, verifying, correcting, synchronizing,

externalizing, protecting, and recovering that represen-
tation. The central P6 thesis is: finite boundary main-
tenance requires finite throughput, finite precision, and
a finite ledger. At fixed resources, pushing speed and
precision together forces an exit channel.

Why effective causal update bandwidth matters

A physically realized system cannot instantaneously
integrate all boundary-relevant information. A fi-
nite maximum signal velocity implies a finite causal
distinguishability-update bound. P6 uses the weaker op-
erational statement: given an effective maximum prop-
agation speed vmax, real-time maintenance has a causal
reach Ry (7) = vmax7. In engineered or biological sys-
tems, vyax may be sensor, actuator, communication, dif-
fusion, or transport limited rather than equal to the rel-
ativistic upper bound c.

FDS BACKGROUND

Active finite distinction systems

The FDS core object is

S=(X,E,B,M,Y, A, U, {,D P,1), (1)



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 pertur-
bation/pruning family, and 7 update timescale [1]. P6
focuseson U, w, £, ®, Y, M, and 7.

Capacity demand and update windows

Let ¥ be a task family and let Rgi)n (e;¥) be the min-
imum number of bits over update window 7 needed to
encode a task-relevant statistic to tolerance €. The ca-
pacity deficit is

AE(T) = R(T) (8; \I/) — Cogr. (2)

min
P6 turns this into a rate:

(T_) -y
BE - = ern(€7 ). (3)

’ T

A distinction that is representable in total storage may
still be unmaintainable if B, . exceeds the rate at which
the system can sense, update, verify, correct, and act.

DEFINITIONS

Definition 1 (Boundary-maintenance task). Let Z; =
Y(Ey, By) be a pre-registered task-relevant boundary
statistic. A system maintains the task at tolerance € over
update window 7 if

E[((Z:, Z)] < £ (4)

within the window and under the stated perturbation fam-
ily.

Definition 2 (Maintenance speed). For clocked systems,
the maintenance speed is

1
Vupd — —- 5
apd = — (5)
For event-driven systems, one may use

o Ntask(ta t+ T)

Vupd (t) - %7 (6)

where Nyask counts task-relevant update events.

Definition 3 (Precision and confidence). Precision is
encoded by tolerance € and confidence 1 — §:

P{D(Z, %) <e} >1—0. (7)

Smaller € and smaller § increase the required distinction
throughput and verification burden.

Definition 4 (Boundary-maintenance throughput). The
throughput burden of maintaining task family ¥ at toler-
ance € over update window T is Eq. (3). It has units of
task-relevant distinction-bits per unit time.

Definition 5 (Correction burden). Let pey(T,€,d) be
a boundary-relevant error probability and Crepair the ex-
pected repair or correction cost after such an error. The
expected correction burden is

Ccorr = E[ err Crepair]~ (8)

More detailed implementations may replace this by
a stochastic thermodynamic, control, or recovery-cost
model.

Definition 6 (Internal sustainable rate). The internally
sustainable maintenance rate is the bottleneck
Ciat® = min{Cgrse, Chipdater Creritys Coorrects Cact s Crose
(9)
The resource-limited term may be represented in a model
class as
Crate _ Pin ’ (10)

resource
Re 5,1

where ke 5, is the implementation-dependent resource
cost per maintained distinction-rate at the specified tol-
erance, confidence, and update window. This is not a
universal constant. When the system faces a transient
high-throughput demand, increasing di, alone may not
prevent boundary collapse because the physical limit on
the internal update rate C%° creates a nonlinear satura-
tion: beyond a certain point, additional energy cannot be
converted into higher update throughput due to bottleneck

constraints on sensing, actuation, or verification speed.

Definition 7 (P6 resource ledger). The P6 resource
ledger is an audit partition

7-?'PG :Rsense + 7.?'update + 7.?fverify + 7.?'correct
+ 7.?rsync + 7éexternalize + 7.?/protect- (11)

When thermodynamic calibration is available, a resource
ledger may be converted into an entropy ledger, for exam-
ple Rpg — Teffi]pﬁ under appropriate reservoir assump-
tions. Without such calibration it remains a resource,
power, latency, or cost ledger.

MAIN BOUNDS

Theorem 1 (Throughput deficit exit theorem). Con-
sider a physically realized active FDS maintaining a
boundary task W at tolerance € over update window T,
with finite effective capacity Ceg, finite resource input
®i,, and a fized accounting boundary A. If

min

(1)
U .
Fan&0) e (12)

resource)



then sustained maintenance requires at least one exit
channel: increased resource/dissipation ledger, increased
error, increased latency, task relaxation, externalization,
imvariant compression, resource expansion, or boundary-
maintenance failure. Recent work on mazimum dissipa-
tion speed and fluctuation speed limits provides nearby
model-class examples in which time, dissipation, and ob-
servable precision are explicitly constrained [19, 20].

Proof. The task requires Rf;)n(e; U) task-relevant bits
over each update window, hence a throughput burden
B. ;. By definition, CI2f® is the slowest internal chan-
nel among sensing, update, verification, correction, ac-
tion, and resource-limited throughput. If B, , exceeds
this bottleneck, the missing throughput must be supplied
by some other channel or the demand must be reduced.
The possibilities are: pay additional resource cost, ac-
cept more error, increase latency by lengthening the ef-
fective update window, reduce the task demand, move
records to an external ledger, replace raw distinctions by
a lower-rate invariant quotient, expand resources, or fail
the boundary task. If none occurs, the system lacks the
throughput needed by the definition of Rl(gi)n(s; ¥), con-

tradicting sustained maintenance at tolerance ¢. O

Full P6 ledger demand

The full P6 demand includes rate-distortion through-
put, confidence burden, correction burden, and causal
prediction burden. Here CI2% denotes the sustainable
maintained-throughput rate under the fixed account-
ing boundary, including the internal bottleneck and any
baseline resource-supported maintenance capacity before
relief channels are applied. In the minimal internal case,

Crate — Cyate.

sust — “int

R(T.) e log,(1/6 Ceorr
m1n7(- )+)‘6 g27(-/ )+Ac +Dcausal~

(13)
The logarithmic confidence term is not asserted as a uni-
versal equality. It is a normal-form reliability cost moti-
vated by coding, hypothesis testing, and repeated verifi-
cation settings in which reducing failure probability from
O(1) to 0 requires information or verification effort scal-
ing at least logarithmically in 1/§. Here Dcausal denotes
the rate-equivalent prediction, delay, or error burden in-
duced when task-relevant boundary information lies out-
side the effective causal reach Ry (7) = vmaxT.

Dpg =

Theorem 2 (Full P6 ledger exit theorem). Let Rrelef

A mnv
and RNt denote relief supplied by invariant compres-

ext
sion and externalization after subtracting their coupled
protection, synchronization, verification, retrieval, and
latency ledgers. If
DP6 > Crate + Rrelief + ]%relief7 (14)

sust inv ext

then the same boundary-maintenance regime cannot per-
sist without higher resource/dissipation ledger, higher er-
ror, higher latency, task relaxation, accounting-boundary
exrpansion, invariant compression, resource expansion, or
failure.

Proof. Equation (13) is the task-relevant demand rate for
maintenance under the chosen tolerance, confidence, cor-
rection model, and causal reach. The right-hand side is
the sustainable rate plus relief channels that actually re-
duce the maintained burden. If the demand exceeds this
total, then either the ledger must increase, the repre-
sentation/task must change, latency or error must grow,
the accounting boundary must expand, or the boundary
condition is not maintained. Otherwise the system would
be maintaining a demand rate greater than the available
rate without a source of the missing throughput. O

Normal-form resource inequality

A useful model-class bridge is

: C
RPG Z a corr

RO (w) 1. 1
Binin(6;7) +B=1log, = + 7
T T 0

_ Rirglllef _ R}g(ctal relief + Rg?{}clPIEd + Rprotcct~
(15)

Here o is a cost per maintained distinction-rate, 5 a
confidence or verification cost, 7 a correction coeffi-
cient, Riclef is rate reduction from invariant compression,
Rlocal relief g Jocal relief from externalization, REP!
is the coupled external ledger, and Rprotect i the cost
of maintaining a protected quotient. Equation (15) is a

normal form, not a universal identity.

Corollary 1 (No zero-latency, zero-error, zero-cost
limit). At fized finite capacity and fized finite resource in-
put, a finite active boundary cannot simultaneously take
0—0 (16)

7 — 0, e — 0,

while maintaining the same task without an exit channel.

Corollary 2 (Latency-precision tradeoff under finite re-
sources). For a model class with sustainable rate CTate,
if Rmin(g;0) ~ dlogy(1/e) and confidence/correction
terms are fized, then the update window must satisfy ap-

proximately

IS dlogQ(l/s).
~ ok

(17)

Thus, at fized sustainable rate, tighter precision requires
longer latency unless relief or extra resources are sup-
plied.



PRECISION-SPEED TRADEOFF

For many regular task classes, the rate-distortion de-
mand scales as

1
Rmin(g; \IJ) ~ d10g2 gv (18)
where d is an effective task dimension. Then
d 1
B.,~ —1 —. 19
e, - 082 - (19)

This captures the most basic P6 load: faster updates and
tighter precision multiply. Confidence adds a verification
term proportional to 77! log,(1/d) in many normal-form
reliability settings.

Proposition 1 (Finite-resource precision floor). Sup-
pose a model class has a maintenance ledger lower bound
1
5 )
with a,b > 0. If R < Ruyax and 8 is fized, then the
achievable precision obeys

. d 1 1
R >a—1 - 4+b-—1 20
> % log, - +b_log, (20)

€2 9 22 (Rmax—br " log,(1/5)) (21)

whenever the exponent is positive. Otherwise the re-
quested speed-confidence combination is infeasible in that
model class.

EFFECTIVE CAUSAL UPDATE BANDWIDTH

Finite causal reach

Given an effective maximum propagation or integra-
tion speed vy ax, boundary-relevant information from dis-
tance R cannot be integrated into the present update if
R > vpax7. Define the effective causal reach in one up-
date window:

Ry (T) = UmaxT- (22)

For relativistic causal bounds, vmax < ¢ [17]. In engi-
neered or biological systems, vy.x may be sensor, ac-
tuator, communication, diffusion, transport, or neural-
conduction limited. P6 requires only finite effective
causal reach. Recent feedback-emulation results sharpen
the data-rate perspective by asking not only whether a
system can be stabilized, but what rate is needed to em-
ulate a desired closed-loop behavior [23].

Maintenance reachability

Let W(A) be the set of task distinctions supported on a
boundary region A. During update window 7, the main-
tainable task family is restricted to the causal reach:

\Ijmaintainable (T) g \IJ(Areach(T))~ (23)

If a task requires boundary-relevant information outside
Areacn(7), the system must predict, externalize, delay,
relax the task, or fail. This is not a claim about faster-
than-light impossibility in general; it is a boundary-
maintenance accounting statement.

LEDGER CHANNELS
Update and verification

An update channel carrying Bypq bits per window has
a resource-rate proxy

< Bupd

7zupdate ~ Tlupd (24)

A verification channel enforcing failure probability ¢ car-
ries

. log,(1/0
Rverify ~ nverify#~ (25)

These proxies are not universal thermodynamic laws.

They are audit terms to be replaced by implementation-
specific measurement when available.

Correction

If errors occur with probability pe, per window and
the mean correction cost is Crepair, then

. Co
Reorrect ~ Perr P, (26)
T
Thermodynamic uncertainty relations and speed-

precision tradeoffs in stochastic thermodynamics provide
mature model classes in which precision, current fluctua-
tions, speed, and dissipation are formally related [12-14].
Kinetic uncertainty relations further show that response
precision can be bounded by dynamical activity in
Markovian nonequilibrium systems, supporting the
P6 treatment of verification and correction as ledger
channels [21].

Externalization

Externalization can reduce the internal fast-update
load, but it creates a coupled ledger:
cht :Rwritc + Rsync + 7.?flrotricvc
+ 7.?'verify + 7.?'protect + Tzlatency~ (27)
This is the dynamic analogue of the P4 side-record audit:

exact recovery or high-speed maintenance can be shifted
to an external log, but not made free [2].



Invariant compression

If task identity factors through an invariant quotient,

Qinv = Q(X)7 V= h(Qinv)7 (28)
then the maintained rate can drop from a raw represen-
tation rate to a quotient rate:

A-Rinv == Rraw({‘:) - Rq(s)' (29)

P7 emphasizes that the protection ledger must still be
counted: topological or invariant persistence relocates
cost to boundary, drive, verification, or protection main-
tenance rather than deleting it [4].

WORKED EXAMPLE: HIGH-SPEED EMBODIED
MAINTENANCE

Consider a mobile embodied agent maintaining a
collision-avoidance boundary. The task statistic Z; en-
codes nearby obstacle position and relative velocity, the
update window 7 is the control period, and ¢ is the max-
imum admissible tracking or clearance error. A remote
high-latency model controller (including cloud LLM-style
controllers) may have high semantic precision but high
latency, communication cost, and verification overhead.
A local reflex or morphology-based controller may have
lower semantic resolution but much smaller 7, lower
ledger cost, and direct actuation. P6 predicts that, un-
der tight physical update windows, the second system
can dominate survival even if its representation is less
detailed.

In P6 language, the cloud controller pays a large
Dcausal and verification/externalization ledger, while the
local controller reduces 7 and shifts task identity into
local feedback, morphology, or invariant carriers. For
physical survival tasks, lower representational precision
can dominate when it reduces latency and ledger cost.
This is not an argument against large models. It is a
statement that boundary maintenance is constrained by
throughput, not capacity alone.

NUMERICAL DEMONSTRATIONS

The simulations are deterministic normal-form demon-
strations generated by code/generate_results.py.
They illustrate definitions and exit channels rather than
fitting empirical data. The regime diagram is a synthetic
classification map generated from threshold rules speci-
fied in the reproducibility code. It illustrates exit-channel
ordering and should not be read as an empirical phase di-
agram.

TABLE III. Core demonstration parameters. Full parameter
values are exported to data/simulation parameters.csv.

Parameter Value / role

d 8, task-dimension proxy

6 1073, confidence target

Resource thresholds 120, 220, 360 in normalized units

Vmax 1.0,0.25,0.06 normalized reach speeds

Energy calibration optional Landauer floor at 300 K

EXPERIMENTAL AND ENGINEERING
PROTOCOLS

Protocol 1 (Finite update-window stress test). Hold
task demand and precision target fixed while reducing
7. Measure error rate, latency, power, resel/overwrite
rate, correction count, externalization count, and bound-
ary loss. P6 predicts ledger increase, error increase, la-
tency, externalization, invariant compression, task relax-
ation, or failure.

Protocol 2 (Precision tightening test). Hold update win-
dow fized while lowering € and 6. Measure verifica-
tion, correction, resource cost, and latency. P6 predicts
increased throughput burden and a finite-resource error

floor.

Protocol 3 (Invariant-compression test). Compare raw
high-dimensional representation, externalized record, and
quotient /invariant representation. Measure task loss,
ledger cost, update speed, and robustness under pertur-
bation. A successful quotient reduces rate burden without
exceeding the protection ledger.

Protocol 4 (Physical Al maintenance benchmark). For
an embodied agent, stress moving-target tracking, balance
control, navigation, manipulation under sensor damage,
or long-horizon memory-constrained action. Report B. .,
ledger cost, boundary loss, error rate, recovery time, and
externalization/protection channels.

FALSIFICATION AND DEMOTION
CONDITIONS

P6 is weakened if a finite physically realized system
maintains arbitrarily fast and arbitrarily precise bound-
ary tasks at fixed capacity and fixed resource input with
no increase in resource ledger, error, latency, externaliza-
tion, invariant compression, task relaxation, or hidden
accounting-boundary expansion. A model-class inequal-
ity such as Eq. (15) can fail without falsifying the FDS
exit theorem; it should then be demoted to a narrow
toy model. If hidden external records or uncounted re-
sources are discovered, the accounting boundary must be
expanded. If a protected quotient carries the task iden-
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FIG. 1. Left: speed-precision throughput burden B:; = Rmin(¢)/7 for a task dimension proxy d = 8. The contour is a toy
failure boundary. Right: P6 resource ledger decomposition under increasing speed pressure. Channels are illustrative audit

classes, not universal thermodynamic mechanisms.

Finite resources impose a latency-precision tradeoff
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FIG. 2. Left: finite resources impose a speed-dependent precision floor. At high update speed, the same resource budget cannot
support arbitrarily small error tolerance. Right: effective causal reach Ry = vmax7 shrinks with the update window. Boundary-
relevant information outside the reach must be predicted, externalized, delayed, or abandoned. The protection-breaking load
occurs where the causal horizon can no longer cover the boundary region requiring maintenance.

tity, the case belongs to the P7 relief channel rather than
being a counterexample to P6.

RELATION TO EXISTING THEORY

P6 uses mature theories as implementation bridges
rather than replacing them: P6 does not replace any
of these theories. It packages their common opera-
tional implication inside FDS: boundary maintenance is
throughput-constrained.

GLOSSARY
Term P6 meaning
Speed update frequency 1/7

Precision distortion tolerance ¢

Confidence success probability 1 — ¢
Throughput task-relevant distinction rate B ,
Ledger audited resource or entropy-cost

. channels L
Exit chan- cost, error, latency, externalization,

nel quotient, relaxation, or failure




Externalization can relieve speed pressure, but shifts the ledger
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DESIGN IMPLICATION: BOUNDARY
MAINTENANCE UNDER SPEED-PRECISION
PRESSURE

This section is not part of the formal proof. It extracts
the FDS design rule implied by P6. A physical Al agent
is not limited only by model size. It is limited by how
fast, how precisely, and how cheaply it can maintain task-
relevant boundaries. The design rule is: do not maximize
memory alone; optimize the speed-precision-dissipation
ledger. High-speed tasks should use invariants, reflexive
control loops, morphology, and local closed-loop policies.
Slow exact recovery can use external logs. When causal
update is delayed, predictive control is required. When

failure cost is high, verification should increase. When
speed matters more than detail, precision should relax.
P6 thereby provides a benchmark language for Physical
AT report maintenance throughput, not only accuracy.

CONCLUSION

P4 showed that lost distinctions do not return merely
because capacity returns. P7 showed that some task
identity can survive local forgetting through invariant
quotients. O3 showed that finite record reuse enters an
entropy /resource ledger. P6 completes this portion of
the physical spine by adding speed. A finite system must



TABLE IV. P6 relation to existing theories.

Existing theory What it bounds

P6 use

Rate-distortion theory

Information thermodynamics
Thermodynamic uncertainty relations
Quantum speed limits
Data-rate/control theory

Finite-time dissipation speed limits

FDS-P6

bits needed for precision
erasure, measurement, feedback, memory physical ledger terms [8—11]
precision versus dissipation

minimum transformation time
feedback control under channel limits
time vs entropy/resource rate
Response / kinetic uncertainty relations activity vs response precision

finite boundary update throughput

task demand Rmin(g) [5-7]

stochastic implementation bridge [12-14]
physical update-time constraints [15, 16]

P6 speed-cost bridge [19, 20]
verification/correction burden [21]

maintain its boundary not only with enough representa-
tion, but within a finite update window, at finite preci-
sion, and under finite resource budgets.

P6 identifies the dynamic cost of being finite. Pushing
speed and precision together forces dissipation, error, la-
tency, externalization, invariant compression, task relax-
ation, or failure. Boundary maintenance is therefore not
a static property of representation. It is a throughput-
constrained physical process. Throughout P6, “dissipa-
tion” is used as generalized resource turnover cost; ther-
modynamic dissipation is a special case that arises when
thermal reservoir calibration is available. For Physical
AT, this means that durable agency is not simply larger
memory or larger models. It is the ability to preserve
task-relevant boundaries under the speed, precision, and
dissipation constraints of the world.
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