
Most systems begin failing while their headline metrics still look acceptable

Act I: Everything still works

The furnace reaches temperature. The model maintains accuracy. The person
completes the task. The institution publishes the report. By the ordinary standards used
to judge each system, nothing has failed. The setpoint was reached, the benchmark
passed, the obligation met, the service delivered. The expected output is still present,
so the system is described as stable.

Look closer and the picture changes.



The furnace reaches its setpoint, but the controller is correcting more aggressively than
before. Overshoot has increased. Local gradients are widening. The heating elements
spend longer near their limits. Small changes in load now require larger interventions.

The model still produces the right answer, but its feature rankings no longer recur
across data intakes. Small perturbations change the explanation. Different model
families arrive at incompatible stories. Tool failures disappear beneath fluent prose.

The person completes the task, but recovery takes longer. The after-effect is larger.
Capacity is preserved in the moment by reducing what remains available later.

The institution publishes on time because experienced staff absorb failures before they
become visible. A spreadsheet is rebuilt manually. A contradiction is postponed. Three
people stay late. Another exception is added to a process already maintained by
workarounds.

The output survives.

The system has changed.

Each headline statement remains technically correct. The furnace did reach
temperature. The model did retain accuracy. The person did complete the task. The
institution did deliver the report.

They describe what emerged from the system.

They do not describe what the system had to spend in order to produce it.

A system may preserve its visible output while losing the capacity to produce that
output naturally. It may remain near its target while the effort required to stay there
rises. Instability may be absorbed elsewhere: by a controller working harder, a body
recovering more slowly, a model replacing missing evidence with polished coherence, or
a team converting organisational weakness into invisible labour.



What looks like resilience may be compensation.

What looks like continuity may be debt.

What looks like stability may be the controlled expenditure of whatever margin remains.

The most dangerous phase is therefore not always the moment after visible failure. By
then the alarm has triggered and the threshold has been crossed. The system has finally
produced an outcome that observers already know how to classify.

The more interesting phase comes earlier.

The graph is still inside tolerance.

The person is still standing.

The service is still operating.

The model is still fluent.

But disturbances take longer to settle. Minor errors persist. Ordinary demands create
larger after-effects. More intervention is needed to preserve the same visible state. The
system has not collapsed. It is becoming less capable of preventing collapse.

Act II: The metric tells the truth and remains silent

Modern systems are judged through headline outputs because outputs are easy to
compare.



Temperature.

Accuracy.

Throughput.

Attendance.

Revenue.

Delivery time.

Symptom score.

Uptime.

These quantities matter. The error begins when one visible projection is allowed to stand
in for the whole state of the system.

A temperature reading does not reveal how much control effort was required to hold it
there. A performance score does not reveal whether the relation between evidence and
conclusion remains stable under perturbation. A completed task does not reveal its
physiological cost. A published report does not reveal the overtime, rework and
contradiction suppression required to produce it.

The output measures what the system delivered.

It does not necessarily measure what the system became while delivering it.



Two systems may therefore produce the same visible result while occupying very
different states.

One furnace holds 1,000°C with modest controller effort and wide thermal margin.
Another holds 1,000°C while its elements saturate and its internal temperature field
separates.

One model reaches the benchmark through relations that recur across perturbations.
Another reaches it through brittle correlations that change whenever the intake shifts.

One person completes an hour of activity and recovers by the evening. Another
completes the same hour and loses the next two days.

One institution meets its target through a functioning process. Another meets it
because staff continuously repair the process in real time.

The output is equal.

The state is not.

The first system has margin.

The second has performance.

Margin is the capacity to absorb disturbance without requiring extraordinary correction.
It is the remaining distance between ordinary operation and a transition the system
cannot manage using its existing dynamics.

A system with margin can tolerate variation and recover without transferring excessive



cost into another time, place or subsystem. A system preserving performance without
margin can look equally successful until conditions change slightly.

Then the difference appears all at once.

This is why collapse is often described as sudden even when the deterioration leading
toward it was slow. The final threshold records the moment compensation stopped
working. It does not record the moment stability began weakening.

The headline metric tells the truth about the output and remains silent about the price.

That silence is where correction burden accumulates, recovery lengthens, internal
disagreement grows and debt is transferred into the next cycle.

Act III: Four systems preserving the same illusion

The furnace is the easiest case because the interventions are physical.

A healthy furnace absorbs disturbance. A load enters the chamber, temperature falls,
the controller responds, the field settles and corrective effort returns toward baseline.

A drifting furnace may still reach the same setpoint, but the route becomes more
expensive. Overshoot increases. Settling time lengthens. Heating elements spend more
time near maximum output. Spatial disagreement grows between sensors. The average
remains acceptable because the controller is compensating for a thermal landscape that
has become less forgiving.

The furnace passes the naive test.

The control effort tells a different story.



A person under chronic physiological pressure can occupy the same structural position
without sharing any of the furnace’s mechanism. The visible task is completed, so the
person is classified as capable. What remains unseen is the larger autonomic response,
the longer recovery period, the reduction in later activity and the growing amount of
support required to preserve the same performance.

The body has not failed to complete the action.

It has paid more to survive it.

That payment may be delayed. The person appears functional during the activity and
deteriorates after the demand has ended. The system looks stable at the moment of
observation because the cost has been exported into the future.

A language model produces a cleaner deception. It has no fatigue, pain or subjective
recovery, yet it can preserve output while its evidence structure becomes less reliable.

Feature recurrence may fall. Minor perturbations may produce incompatible
explanations. Failed retrieval may be hidden beneath smooth prose. Contradictions may
be resolved narratively rather than preserved as evidence problems.

The model still answers.

Fluency allows an unstable evidence state to maintain a stable-looking output.

An institution can preserve this illusion for years. Services continue, reports are
published and targets are technically met. Inside, the system operates through
exception handling. Someone knows which rule to ignore. Someone else reconciles
incompatible datasets manually. A backlog is moved into another category. Experienced
staff intercept failures before they reach management.



The institution appears stable because instability is being absorbed by people whose
corrective work is absent from the headline metric.

Across all four systems, the same structure appears:

The expected result remains.

The cost of producing it rises.

The recovery route weakens.

The remaining margin narrows.

The system is still working.

It is no longer working in the same way.

Act IV: When better performance becomes suspicious

The problem becomes sharper when output does not merely remain stable.

Sometimes it improves.

A furnace may heat faster after the controller is tuned more aggressively. Heat-up time
falls. Yet overshoot rises, thermal gradients widen and the system moves closer to
actuator saturation.

A language model may become more decisive after uncertainty is suppressed.



Responses become cleaner and more confident. Internally, the model may simply be
surfacing fewer doubts and hiding more unresolved evidence.

An institution may clear a backlog through an emergency productivity drive. Throughput
rises and waiting times fall. Staff exhaustion, deferred maintenance and unresolved
process weakness are transferred into the next period.

A person may temporarily perform more under adrenaline, stimulatory pressure or
urgent demand. Output rises in the moment. The later crash is interpreted as
inconsistency rather than the delayed cost of the improved performance.

Better performance can accompany worsening stability.

An apparent improvement may be produced by consuming margin faster.

This matters because optimisation rewards the visible gain while ignoring the state from
which it was extracted. The controller is praised for speed. The model is praised for
confidence. The institution is praised for clearing demand. The person is judged by the
fact that they managed.

The observer measures delivery.

The cost arrives later, elsewhere or inside a subsystem that was never measured.

Delay can look like success.

Exported pressure can look like efficiency.

Suppressed uncertainty can look like competence.



Heroic compensation can look like a healthy process.

Performance alone therefore cannot tell us whether an intervention strengthened the
system or forced it to spend more of itself.

We need a different object of measurement.

Not only:

What did the system produce?

But:

What happened to the system while producing it?

Act V: Drift is not movement

Drift is often defined as gradual movement away from a baseline. That definition is
useful but too shallow for the cases above.

A system can move far from baseline and still be recovering.

A system can remain close to baseline while losing the capacity to return.

The deeper transition is not simply distance.

It is correction.



Noise is variation without persistent direction. The system fluctuates but remains
centred.

Displacement is movement away from an operating region after disturbance. The
system may still be returning.

Drift begins when deviation persists, restoring behaviour weakens, recovery becomes
more expensive or the system increasingly relies on compensation to preserve its visible
state.

Collapse begins when ordinary correction is no longer sufficient and the unstable
dynamics begin reinforcing themselves.

A noisy signal can look alarming while remaining stable.

A drifting signal can look smooth while moving cleanly toward failure.

Smoothness is not safety.

Variation is not necessarily decline.

The relevant question is therefore not merely:

How far is the system from its target?

It is:

What happens after the system is disturbed?



Does deviation shrink?

Does it persist?

Does it amplify?

How much intervention is required?

How long does recovery take?

Does the system return to its prior state, or only to the same visible output?

The same output does not guarantee the same state.

A furnace can return to 1,000°C with larger residual gradients.

A person can return to work with less remaining capacity.

A model can return the correct answer with weaker evidence.

An institution can restore throughput with a larger hidden backlog.

Apparent recovery may restore performance without restoring the system.

That unresolved difference is compensation debt.



Compensation debt is the state retained after apparent recovery because corrective
expenditure was not fully restored.

Residual thermal gradient.

Unrecovered physiological load.

Context contamination.

Deferred maintenance.

Hidden backlog.

The system has returned according to the visible metric.

Its history remains inside it.

This gives us the sharper definition:

Drift begins when correction stops restoring the system and starts merely delaying
departure.

Correction may still occur, but later, partially, at greater cost or by transferring pressure
elsewhere.

The furnace reaches temperature by saturating the controller.



The person completes the task by sacrificing the next day.

The model preserves the answer by suppressing uncertainty.

The institution meets the target by consuming the people holding it together.

Delay can be mistaken for restoration.

It is not.

The system has purchased time.

Now the bill becomes measurable.

Act VI: The bill becomes measurable

At this point, qualitative description is no longer enough. The terms must become
explicit variables.

Let the current system state be:

S(t)

Let the viable operating region be:

Ω_stable



Define distance from that region as:

D(t) = d[S(t), Ω_stable]

This tells us how far the system lies from the region in which ordinary disturbance
remains recoverable.

Distance is necessary, but insufficient.

A system may be far away and returning quickly. Another may remain close while
moving outward.

Define drift velocity:

V_d(t) = dD/dt

If V_d(t) < 0, the system is moving toward the viable region.

If V_d(t) ≈ 0, disturbance is persisting.

If V_d(t) > 0, the system is moving away.

Then define drift acceleration:

A_d(t) = d²D/dt²

Positive acceleration means departure itself is increasing. The system is not merely
displaced. Its restorative capacity is losing ground.



Yet distance and direction remain incomplete because the system may hold itself near
the target through escalating intervention.

Define correction burden:

B_c(t) = cumulative corrective intervention required to maintain or restore the target
state

Correction burden is the hidden variable that output-centred measurement ignores.

In a furnace, it may appear as controller effort, heater duty cycle, cooling intervention or
manual retuning.

In a person, it may appear as longer rest, medication, environmental control, reduced
activity or removal of later demands.

In a model, it may appear as repeated prompting, retrieval repair, tool retries,
contradiction correction or human review.

In an institution, it may appear as overtime, exception handling, manual reconciliation,
emergency staffing and rework.

Two systems can produce the same result while one spends far more to achieve it.

Next define recovery time:

τ_r(t) = time required to return to the viable region after perturbation



Longer recovery indicates weakening restorative capacity.

Define stability margin:

M(t) = distance from the current state to the nearest transition boundary

A shrinking margin means the system can tolerate less disturbance before entering
another regime.

Define internal disagreement:

A_i(t) = divergence across sensors, models, subsystems or observers

The system may present one external output while its internal representations stop
agreeing.

Finally, define compensation debt:

C_d(t) = state retained after apparent recovery because corrective expenditure was not
fully restored

Correction burden measures what the system spends.

Compensation debt measures what remains changed afterwards.

Now assemble the drift vector:

J_drift(t) =



[

D(t),

V_d(t),

A_d(t),

τ_r(t),

B_c(t),

M(t)^-1,

A_i(t),

C_d(t)

]

Each component answers a different question.

How far has the system moved?

In which direction?

Is departure accelerating?

How long does recovery take?

How much correction is required?

How much margin remains?

How much internal disagreement exists?



How much unresolved state survives apparent recovery?

This is not a universal calibrated law.

It is a candidate instrumentation architecture.

Its purpose is to turn “the system is drifting” into a set of measurements that can be
observed, compared, perturbed and falsified.

For routing, a weighted projection may be useful:

J*(t) =

w1D

+ w2V_d

+ w3A_d

+ w4τ_r

+ w5B_c

+ w6M^-1

+ w7A_i

+ w8C_d

But the vector should remain visible.

One number can route attention.

It should not replace diagnosis.



Act VII: Reading the shape of drift

The value of the vector is not merely that it contains more measurements.

It allows different failure modes to produce different signatures.

High displacement with negative drift velocity:

High D

V_d < 0

Moderate B_c

The system is disturbed but recovering.

Low displacement with high correction burden:

Low D

High B_c

Stable output

The system is compensation-dominated. It looks stable because intervention is
preventing visible deviation.

Stable output with rising recovery time and debt:

Stable output



Rising τ_r

Rising C_d

The system appears to recover, but each cycle begins from a weaker state.

Low current error with falling margin:

Low D

Low current error

Falling M

The system is operating close to a transition boundary.

Stable output with rising internal disagreement:

Stable output

Rising A_i

Aggregation is hiding incoherence.

Improved output with worsening burden, debt and margin:

Improved output

Rising B_c

Rising C_d

Falling M



The intervention has improved performance by consuming stability.

Drift should therefore be read as a shape rather than a score.

Different shapes imply different responses.

High displacement with strong recovery may require time.

High burden with low displacement may require maintenance or load reduction.

High disagreement may require measurement review.

High debt may require longer restoration before the next demand.

Shrinking margin may require operating limits to be reduced even while performance
remains acceptable.

The same visible output can conceal several different trajectories.

The vector makes those trajectories legible.

Act VIII: A furnace that still passes

Imagine a laboratory furnace required to hold a setpoint of 1,000°C.

Three test runs are performed.



Run Setpoint Mean chamber temperature Conventional result

A 1,000°C 999.4°C Pass

B 1,000°C 1,000.6°C Pass

C 1,000°C 999.8°C Pass

A standard report might conclude that the furnace is stable.

The target was reached.

The average remained inside tolerance.

No alarm triggered.

To test corrective behaviour, insert the same cold 5 kg load after each run reaches
steady state.

Then measure the response.

Displacement

Run Maximum temperature drop

A 18°C

B 24°C

C 31°C

The same disturbance now produces a larger deviation.



That suggests reduced resistance to perturbation, but displacement alone does not
prove drift.

Recovery time

Let the viable band be 995°C to 1,005°C.

Run Recovery time

A 4.2 min

B 7.8 min

C 13.6 min

The same disturbance now takes more than three times as long to correct.

The system still recovers.

Its restorative capacity has weakened.

Correction burden

Run Peak heater output Integrated correction burden

A 72% 2.8 duty-minutes

B 89% 5.9 duty-minutes

C 100% 11.7 duty-minutes

By Run C, the controller saturates.



The furnace still reaches 1,000°C, but it requires maximum available correction.

The visible output remains acceptable.

The corrective structure does not.

Internal disagreement

Four thermocouples are positioned across the chamber.

Run Maximum spatial spread

A 6°C

B 14°C

C 27°C

The mean remains close to target while local conditions separate.

The average is becoming less representative of the system.

Velocity and acceleration

During Run A, the distance from the viable region begins falling soon after the load is
inserted.

V_d(t) < 0



The furnace is returning.

During Run B, return begins later and proceeds more slowly.

During part of Run C, distance continues increasing even after heater output reaches
100%.

V_d(t) > 0

The system is moving away from stability despite maximum active correction.

If that outward movement accelerates:

A_d(t) > 0

the controller is not merely struggling.

It is losing the contest.

Stability margin

Repeat the test with larger loads.

Load Outcome

5 kg Recovers

7 kg Recovers slowly

9 kg Controller saturates



11 kg Does not recover within test window

The transition boundary lies somewhere between 9 and 11 kg.

Earlier in the furnace’s life, it may have tolerated 15 kg.

The setpoint has not changed.

The margin has.

Compensation debt

Allow the furnace to return to 1,000°C, then repeat the 5 kg disturbance.

Suppose the second recovery is slower despite the same initial mean temperature.

The furnace has not fully returned to its prior state.

Residual gradients, element fatigue or delayed thermal effects remain.

The output says recovered.

The next response says otherwise.

That residual state is compensation debt.



Assemble the signature

Measure Run A Run B Run C

Maximum displacement Low Moderate High

Recovery time 4.2 min 7.8 min 13.6 min

Correction burden Low Moderate Saturated

Spatial disagreement 6°C 14°C 27°C

Stability margin Wide Reduced Narrow

Compensation debt Minimal Present Significant

The conclusion is no longer:

The furnace passes because it reaches 1,000°C.

It becomes:

The furnace still reaches the required setpoint, but repeated perturbation tests show
increasing displacement, longer recovery, rising controller burden, greater spatial
disagreement, reduced stability margin and incomplete restoration between runs. The
system remains operational but is drifting toward a regime in which ordinary correction
may no longer be sufficient.

The protocol has not identified the exact physical cause.

It has shown that the current pass or fail metric is insufficient.

State diagnosis and mechanism diagnosis remain separate.



Act IX: From example to experiment

The furnace walkthrough gives a general procedure:

1. Define the viable region.

2. Apply or observe a bounded perturbation.

3. Measure displacement.

4. Measure the direction and acceleration of return.

5. Measure recovery time.

6. Measure correction burden.

7. Measure internal disagreement.

8. Estimate remaining margin.

9. Detect unresolved compensation debt.

10. Repeat under comparable conditions.

The variables change when the substrate changes.

The experimental logic does not.

For a human functional system, the perturbation might be a bounded activity. Measure
immediate performance, symptom amplification, physiological response where
appropriate, recovery duration, next-day functional change, required intervention and
remaining activity margin.

The state question is:

Does the person return to the same functional basin after the same demand?



For a language model, perturb data intake, feature availability, prompt framing, model
family or retrieval quality. Measure predictive performance, feature recurrence,
explanation consistency, contradiction count, tool retries, evidence coverage, null
separation and human correction burden.

The question becomes:

Does the model recover the same evidence-grounded relation after controlled
disturbance?

For an institution, observe a bounded demand increase. Measure output, backlog,
overtime, exception rate, manual intervention, rework, staff absence and recovery after
demand falls.

The question becomes:

Is the institution absorbing pressure, or transferring the cost into hidden compensatory
work?

The framework does not make the mechanisms interchangeable.

It makes the experiment comparable.

Act X: Where this sits beside existing science

The protocol overlaps with established work in system identification, control theory,
critical slowing down, rising variance, autocorrelation, change-point detection,
resilience analysis, basin stability, fault detection, hysteresis and prognostics.

Most existing approaches measure fragments of this behaviour.



The contribution proposed here is not an entirely new signal.

It is a way of organising several signals around correction dynamics while exposing
correction burden and compensation debt as first-class observables.

Correction burden asks what must be spent to preserve the visible state.

Compensation debt asks what remains altered after the visible state appears restored.

The first exposes hidden effort.

The second exposes hidden history.

JUDST does not replace established methods. It proposes a shared state language in
which their signals can be interpreted as different dimensions of a system’s changing
ability to correct disturbance.

That contribution must still be tested.

The vector must demonstrate that it adds explanatory or predictive value beyond
simpler models.

Act XI: The survival problem

The systems available for comparison are not observed neutrally.

Anything still present has survived long enough to be measured.



Furnaces that catastrophically failed may have been replaced. Institutions that
disappeared no longer publish reports. People who can no longer sustain the task may
vanish from the dataset. Models that fail completely may be discarded before
evaluation.

Persistent systems are overrepresented.

Terminal trajectories are censored.

A proper analysis should therefore distinguish:

* recovered trajectories;

* reorganised trajectories;

* persistent but drifting trajectories;

* terminal collapse;

* censored or unobserved failure.

Survival is not proof of stability.

A system may persist because it retained margin, received external support,
reorganised, exported cost elsewhere or concealed drift through extraordinary
compensation.

The grammar may partly describe the price of still being here.

That price should become one of the measurements.

Act XII: What would make this wrong?



The proposed architecture is weakened if controlled measurement shows no detectable
precursor before transition despite adequate temporal resolution.

It is weakened if correction burden does not rise before collapse.

It is weakened if recovery time remains constant across the supposed drift region.

It is weakened if internal disagreement has no relation to later instability.

It is weakened if compensation debt cannot be distinguished from ordinary variation.

It is weakened if a simple noise model predicts the trajectory just as well.

It is weakened if the identified boundary exists only in the observer’s description and
has no substrate-level consequence.

It is weakened if the same indicator changes meaning so radically between domains that
no defensible structural mapping survives.

And it is weakened if the vector provides no greater predictive or explanatory value than
the headline metric alone.

That is acceptable.

A framework should not protect itself by making every result compatible with it.

The measurements must be precise enough that the structure either survives testing or
breaks visibly.



Resolution: Measure the correction before the collapse

We do not suddenly gain the ability to predict every collapse.

We gain a better place to look.

Instead of asking only:

Has the system failed?

We ask:

Is the system still correcting disturbance in the same way?

Instead of measuring only the target reached, task completed, accuracy maintained or
report delivered, we also measure recovery time, intervention burden, remaining margin,
internal disagreement, acceleration of departure and unresolved compensation debt.

The engineering task is not merely to detect failure sooner.

It is to detect the weakening of correction itself.

A system should not be called stable merely because it still produces the expected
output.

Performance without margin is not stability.



Recovery without restoration is not recovery.

Delay can look like success.

Sometimes the output is the last thing to fail.

By the time the metric changes, the system has already been different for some time.


