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Abstract
Observation is not a primitive certificate.
Paper 4 established observation as bounded registration. An observation event is OR: OP-supported difference partitioned by OA and selected into state. An observation record is RAS: the retained abstraction state produced by that registration. Strong observation requires RSD: the redeployment of retained state into later registration, inference, control, action, or downstream transition.
Paper 4 also established the observation-status ladder. Pre-TO failure occurs where no persistent, re-identifiable OA-keyed record is produced. Trivial Observation, or TO, is record-presence: an OR event yields an OA-keyed RAS that persists over the relevant operational horizon. Observation Inference Potential, or OIP, is grounded deployability: the retained record is embedded within, or coupled to, organisation that makes an admissible RSD pathway physically well-posed. Non-Trivial Observation, or NTO, is realised record-operativity: a retained OA-keyed discriminator is actually redeployed through RSD so that downstream outcomes depend counterfactually and comparator-stably on which discriminator was present.
Paper 4a established the abstraction condition. Observation is abstraction-bound through cut, abstraction regime, and perspective. No observation occurs without selection, partition, compression, omission, and classing.
Paper 4b established the scale condition. Perspective fixes scale. Scale fixes comparability. Measurement is registration into scale. No observation program is scale-free. The event-horizon profile inherited from Paper 4a and the scale condition inherited from Paper 4b jointly bound the operational envelope: the horizon determines what can enter the observation program as available relation, while scale determines the level at which entered relation can be compared, registered, retained, redeployed, and corrected.
With the registration mechanism, abstraction condition, and scale condition in place, the present paper does not redefine observation. It defines the operational envelope within which observation programs remain reliable, deployable, counterfactually testable, and diagnostically localisable.
An observation program is an organised pathway of registration, retention, possible redeployment, and downstream readout, indexed to a specified locus, boundary, interface, reference scale, operational horizon, discrimination/noise regime, and comparator family.
Once observation is treated as a program rather than as a binary label, its limits become diagnosable. It may have a reach, an admissible intervention range, a registration fidelity, a bandwidth, a depth, a gain, a drift profile, a sustaining load, and a collapse threshold.
These descriptors do not add new primitives. They measure the performance and failure envelope of the inherited observation stack.
Observational Horizon, or OH, measures the reach over which reliable registration, and where claimed redeployment, can be sustained.
Counterfactual Horizon, or CH, measures the domain of admissible intervention under comparator discipline.
Registration Fidelity, or RF, measures the reliability of OA-to-RAS mapping.
Observational Bandwidth, or OBW, measures the rate, density, or volume at which distinctions can be registered without unacceptable loss of reliability, persistence, or redeployability.
Observational Depth, or OD, measures the effective number of realised consult-and-register links that remain counterfactually significant.
Observational Gain, or OG, measures the increase in downstream differentiation relative to comparator conditions.
Observational Drift, or ODr, measures gradual degradation of mapping or deployment stability.
Observational Load, or OL, measures the thermodynamic, material, informational, attentional, computational, institutional, or organisational cost of sustaining observation-capable regimes.
Observational Collapse, or OCx, marks the regime transition where content-driven registration or redeployment can no longer be maintained.
The descriptors turn observation from a static status claim into a diagnosable operational regime. They allow failure to be localised to absent OP, unstable OA, failed OR, non-persistent RAS, unavailable OIP, failed RSD, weak downstream dependence, invalid comparator construction, fidelity loss, bandwidth saturation, drift, overload, bypass, or collapse.
This paper does not provide the later discipline of the unknown. It does not attempt to turn every unresolved remainder into an output procedure. That burden is deferred to Part 3. Here the task is narrower: to localise operational failure where possible, to bound successful observation without inflating it, and to close the Part 2 architecture of informational availability, retention, application, registration, abstraction, scale, and operational envelope.
Observation is not only a mechanism.
It is not only abstraction-bound.
It is not only scale-bound.
It is a bounded operational program.
Its performance can be measured.
Its degradation can be tracked.
Its collapse can be diagnosed.

1. From Observation threshold to Observation program
1.1. Purpose of this paper
Paper 4 established the observation threshold.
That threshold determines whether an observation claim has crossed from coupling, perturbation, persistent physical alteration or residue, or transient registration into record-presence, deployability, or realised record-operativity.
Pre-TO failure occurs where no persistent, re-identifiable OA-keyed record is produced.
TO is the record-present condition: an OR event yields an OA-keyed RAS that persists over the relevant operational horizon.
OIP is the deployable-in-principle condition: the retained record is embedded within, or coupled to, organisation that makes an admissible RSD pathway physically well-posed.
NTO is the realised record-operative condition: a retained OA-keyed discriminator is actually redeployed through RSD so that downstream outcomes depend counterfactually and comparator-stably on which discriminator was present.
That ladder determines threshold status.
It does not exhaust performance.
An observation program may satisfy TO but have poor fidelity. It may satisfy OIP but have a narrow horizon. It may satisfy NTO but produce low downstream gain. It may be high fidelity but low bandwidth. It may be deep but slow. It may have wide reach but narrow intervention range. It may generate high gain only under unsustainable load. It may perform well initially and drift later. It may remain intact as structure while losing content-driven registration.
These differences matter.
Without them, observation remains too coarse a term. A record either exists or does not. A deployment either occurs or does not. A downstream dependence either survives comparator pressure or does not. Those threshold judgements are necessary, but they do not describe the operational structure of observing systems.
Observation programs have envelopes.
This paper defines those envelopes.
1.2. Threshold is not performance
Threshold asks whether an observation claim has crossed a status line.
Envelope asks how the observation program performs once the relevant threshold is established or contested.
This distinction prevents two errors.
The first error is descriptor inflation. A program with broad reach, high throughput, or high downstream consequence is treated as observationally strong even when it has not established the relevant threshold. A broad channel is not observation if no registration occurs. A large archive is not an Observer if no grounded consultability or realised RSD has been established. A high-impact outcome is not observational gain unless the outcome depends on a retained discriminator under comparator discipline.
The second error is threshold flattening. A minimal threshold success is treated as if it carried no further operational structure. A record exists, so the observation claim is treated as complete. A deployment occurs, so the system is treated as fully strong. A comparator succeeds once, so the observation program is treated as reliable across range, load, time, scale, and intervention.
Both errors collapse the operational envelope.
A weak but valid observation claim may remain valid within a narrow horizon. A strong NTO episode may remain shallow. A high-fidelity program may saturate at low bandwidth. A system may be objectively bounded without being false. Conversely, a high-consequence process may fail the observation threshold if no retained discriminator is being redeployed by the locus under evaluation.
Threshold and performance must therefore remain separate.
Status first.
Descriptor grading second.
1.3. Observation program
An observation program is an organised pathway through which OP-supported distinctions become available for registration, retention, possible redeployment, and downstream consequence under specified reference conditions. It operates inside an event-horizon profile and at an operative scale. The event-horizon profile determines which contrasts can enter the program as available relation. Scale determines the level at which those contrasts can be individuated, compared, registered, retained, redeployed, and corrected.[endnoteRef:1] [1: 	Observation-program comparator: Ruzena Bajcsy, “Active Perception” (1988), treats perception as an organised interaction among sensor models, processing modules, data acquisition, and control rather than as a single passive event. The present paper overlaps at the programmatic level but places the relevant architecture lower: an observation program may be minimal, non-cognitive, and non-purposive, and need not actively control sensing. No active-perception architecture is inherited.] 

An observation program may be minimal. A detector may register one threshold crossing into one retained state. A cell may register one chemical distinction into one internal regulatory condition. An instrument may convert one channel difference into one record. A person may register one perceptual difference into memory. A technical system may register one token distinction into a state update. In each case, the program does not receive the world whole. It receives what its horizon admits and operates at the scale its organisation stabilises.
An observation program may also be composite.
It may involve multiple channels, instruments, records, operators, models, databases, control systems, institutional procedures, and feedback loops. It may include successive registrations, calibration steps, error checks, transformations, delayed readouts, and downstream redeployments.
In both cases, the inherited stack remains in force.
OP supplies the available contrast field.
OA supplies the operative abstraction or classing regime.
OR supplies the registration event.
RAS supplies retained record.
RSD supplies realised consult-and-register redeployment.
BD-family comparators supply the discipline by which non-trivial dependence is tested.
RRP fixes the reference conditions under which the claim is well-posed.
Scale fixes the level of comparability at which the program operates.
The descriptor layer does not change this stack. It asks how well the stack performs under specified conditions.
It does not decide whether observation has occurred, and it does not supply a second route around OP, OA, OR, RAS, RSD, RRP, scale, or comparator discipline. It asks how well an already specified observation claim performs under the conditions in which that claim is made. Status comes first. Descriptor grading comes second. A descriptor may explain why an observation program is narrow, fragile, costly, shallow, overloaded, drifting, or collapsing; it does not turn an unregistered contrast into observation, a mere archive into an observer, or a high-impact outcome into NTO.
1.4. Descriptor layer
The descriptor layer consists of derived measures over an observation program.
These descriptors are not new primitives. They do not replace RRP, OP, OA, OR, RAS, RSD, TO, OIP, NTO, IPL, BD, abstraction, perspective, scale, or measurement. They are second-order operational terms for evaluating when the inherited primitives remain well-defined, reliable, deployable, counterfactually testable, and diagnostically localisable.
The central descriptors are:
Observational Horizon, or OH, which measures reach.
Counterfactual Horizon, or CH, which measures admissible intervention range.
Registration Fidelity, or RF, which measures reliability of OA-to-RAS registration.
Observational Bandwidth, or OBW, which measures registration throughput.
Observational Depth, or OD, which measures realised consult-and-register chain length.
Observational Gain, or OG, which measures downstream differentiation relative to comparator conditions.
Observational Drift, or ODr, which measures gradual degradation of registration or deployment stability.
Observational Load, or OL, which measures the sustaining cost of observation-capable regimes.
Observational Collapse, or OCx, which marks the regime transition where content-driven registration or redeployment can no longer be maintained.
These descriptors allow observation to be treated as a bounded operational regime rather than as an undifferentiated status.
They make it possible to diagnose whether a claim fails because there was no contrast to register, because the registration was noisy, because the record did not persist, because deployment was unavailable, because the comparator was not admissible, because bandwidth saturated, because the program drifted, because sustaining load exceeded capacity, or because the observation regime collapsed.
1.5. Relation to relational uncertainty
The descriptor layer localises uncertainty inside observation programs.
Paper 4a established that observation is abstraction-bound and therefore opens Abstraction Gap. Paper 4b established that observation is scale-bound and therefore opens Scale Gap. Those papers define the abstraction and scalar sources of relational uncertainty.
Paper 4c does not replace those accounts.
It gives a narrower operational tool.
When an observation claim is uncertain at the level of program performance, the uncertainty need not remain global. It may be localised to reach, intervention range, fidelity, bandwidth, depth, gain, drift, load, collapse, or comparator construction.
This does not solve the unknown. It does not decide every unresolved case. It does not provide the full residual procedure. That burden belongs to Part 3.
The present paper only supplies operational localisation.
Where the program fails, the failure should be named.
Where the program succeeds only within bounds, the bounds should be stated.
Where the bounds cannot yet be established, the missing descriptor condition should be carried forward rather than hidden.

2. Envelope limits
2.1. Observational Horizon — OH
Observational Horizon, or OH, is the maximum extent over which an observer-locus or observation chain can sustain reliable registration of OA-class distinctions into RAS alternatives under the prevailing regime constraints at the reference scale.
The extent may be spatial, temporal, latency-bound, state-space-bound, chain-bound, channel-bound, memory-bound, or complexity-bound.
In each case, OH names the limit beyond which the observation program no longer reliably preserves the relevant distinction as a registered state.
Where NTO is claimed, OH additionally requires that the consult-and-register pathway remains capable of yielding comparator-stable downstream dependence under an admissible BD comparator family. A program may retain records across a wider range than it can redeploy them. In that case, the OH for TO and the OH for NTO must be distinguished.
The operational discriminator is range-dependent success and failure.
An OH is identified when an observation program succeeds within a range but fails beyond it under otherwise comparable conditions. The failure may appear as loss of OP distinction at the interface, OA instability, OR misregistration, RAS collapse, latency exceeding the operational horizon, loss of redeployability, or failure of RSD-mediated downstream dependence.
OH is not the same as operational horizon.
The operational horizon is the specified test window over which persistence, consultability, and outcome classes are evaluated. OH is the measured limit of an observation program’s reliable reach under prevailing regime constraints. The operational horizon is a parameter of evaluation. Observational Horizon is a descriptor of performance.
OH is also not the same as the Observer Event Horizon. The Observer Event Horizon names the upstream ingress-boundary of possible incoming relation for an observer-locus: the limit beyond which difference cannot become available as signal-bearing contrast capable of entering OP for that locus under the present regime. OH begins after an observation program has been specified. It measures how far, how long, or across what range that program can reliably register and, where claimed, redeploy distinctions.
The distinction matters. A contrast may lie outside the Observer Event Horizon and therefore never become OP for the observer-locus. That is an ingress failure. A contrast may enter OP but fail reliable registration or redeployment beyond a certain range. That is an OH limit. A telescope, for example, may extend the Observer Event Horizon for light-mediated relation while still having a finite OH for reliable registration under aperture, exposure, sensor, calibration, atmospheric, and noise conditions.
Relational Reachability, developed in Paper 1c, heading 2.4, concerns whether a target-relative relation can become stabilisable from a locus’s present organisation and available scaffolding; OH concerns the reliable performance of a specified observation program. A program may reliably register carrier-level distinctions while a further target-relative relation remains unformable for the receiving locus. Conversely, a physically supported route to forming that relation does not itself establish reliable registration or redeployment across the range claimed for the program.
OH is regime-relative. A change in reference boundary, reference scale, noise regime, channel, instrument, substrate, maintenance condition, or comparator family may change the horizon. OH is channel-limited. The world may contain differences beyond the horizon, but the interface may no longer preserve them in a way the observer-locus can register. OH is observer-limited. A distinction may remain physically present while falling outside the operative discrimination capacity of the locus.
OH is not a metaphysical edge. It is an empirical limit of an observation program.
2.2. Counterfactual Horizon — CH
Counterfactual Horizon, or CH, is the range of counterfactual interventions that remain operationally meaningful for a given observation program and regime.
It is the set of OA/RAS manipulations, pathway interventions, or organisation-targeted ablations that can be performed while preserving BD-style comparability and still yielding discriminable differences in registration, redeployment, or downstream outcomes.
CH measures the domain within which intervention can test the observation program without destroying the regime being tested.[endnoteRef:2] [2: 	Counterfactual-method comparator: James Woodward and Christopher Hitchcock, “Explanatory Generalizations, Part I: A Counterfactual Account” (2003), analyse explanatory generalisations through counterfactual dependence and invariance under interventions. Counterfactual Horizon shares the discipline that a test intervention must vary the target while preserving enough background structure for the comparison to remain meaningful. CH is not a theory of causal explanation; it bounds the admissible intervention range of an observation program under comparator discipline.] 

The operational discriminator is admissible intervention.
An intervention lies within CH when it varies the targeted distinction, token, pathway, or organisation while preserving enough boundary context, driving, component inventory, scale, horizon, and discrimination assumptions for the result to test the claim.
An intervention lies beyond CH when it destroys comparability, forces regime transition, changes the relevant boundary, alters the component inventory in uncontrolled ways, collapses the channel, or converts content-driven dependence into carrier-driven artefact.
CH is distinct from OH.
OH measures reach: how far, how long, or across what range the observation program can register and redeploy distinctions.
CH measures admissible intervention: which counterfactual variations can be performed without invalidating the comparison.
A system may have a wide OH and a narrow CH. It may register across a large range but permit only limited intervention before the regime changes. A system may also have a narrow OH and a wide CH where the observation range is small but controlled intervention within that range is rich.
CH is intervention-bounded. It concerns what can be varied while preserving the test relation.
CH is content-preserving. The intervention must preserve the difference between OA-class dependence and carrier microdetail.
CH is comparator-dependent. It is meaningful only relative to a specified comparator discipline.
CH shrinks where comparability cannot be maintained.
2.3. OH and CH distinction
OH and CH are easily confused because both are envelope limits.
They answer different questions.
OH asks:
How far can the observation program reliably register and, where claimed, redeploy distinctions?
CH asks:
What can be varied without invalidating the comparator relation?
A telescope may have a wide OH for detecting distant light-mediated distinctions but a narrow CH if direct intervention on the source is impossible. A laboratory system may have a narrow OH but a wide CH where many controlled interventions can be performed within a small domain. A legal procedure may have a wide record horizon but narrow counterfactual horizon because some interventions cannot be ethically, procedurally, or institutionally varied. A biological system may sustain long-horizon record effects but permit limited intervention before the living regime is destroyed.
OH concerns reliable reach.
CH concerns admissible testability.
Both matter because observation claims need both range and comparator discipline. A program that observes widely but cannot be tested counterfactually may remain descriptively strong and inferentially limited. A program that can be tested richly inside a narrow range may be locally strong and globally limited.
The envelope is defined by both.

3. Performance measures
3.1. Registration Fidelity — RF
Registration Fidelity, or RF, is the degree to which RAS alternatives reliably and reproducibly correspond to specified RRP-indexed OA-class distinctions under the prevailing regime, resisting noise, drift, carrier microvariation, and irrelevant perturbation.
RF measures how reliably the observation program maps the relevant abstraction class into retained state.
A high-fidelity program preserves same-class invariance and between-class separability. The same OA-class input yields the same RAS alternative distribution within tolerance. Different OA-class inputs remain distinguishable as different RAS alternatives.
A low-fidelity program blurs the mapping. Within-class carrier variation becomes effect-relevant. Between-class differences collapse. Noise remaps outputs. Registered states fail to remain re-identifiable over the operational horizon.
RF is assessed through repeated trials under comparable conditions.
The same OA-class input should produce a stable RAS alternative distribution within the stated tolerance. Alternative OA-classes should produce separable RAS alternatives. Noise, drift, and irrelevant microvariation should not erase the class distinction at the reference scale.
RF fails when the observation program cannot preserve the OA-to-RAS relation strongly enough for the claim being made.
RF is noise-sensitive. The relevant noise regime is not external to the fidelity claim. It is part of the conditions under which fidelity is evaluated.
RF is carrier-indifference-sensitive. A high-fidelity program preserves OA-class identity despite irrelevant carrier microvariation.
RF is calibration-dependent. Many observation programs require maintenance, recalibration, or error correction to preserve fidelity.
RF is scale-relative. A mapping may be high fidelity at one reference scale and low fidelity at another.
3.2. Observational Bandwidth — OBW
Observational Bandwidth, or OBW, is the rate, density, or volume at which an observer-locus or observation chain can reliably register OA-class distinctions into RAS alternatives under the prevailing time, channel, memory, attention, energy, material, or organisational constraints.[endnoteRef:3] [3: 	Bandwidth comparator: Claude E. Shannon, “A Mathematical Theory of Communication” (1948), supplies the canonical communication-theoretic treatment of channel capacity, rate, noise, coding, and transmission bandwidth. Observational Bandwidth uses the bandwidth relation more narrowly for reliable OA-class registration into RAS, with persistence and redeployability included where the stronger observation claim requires them. A high-capacity communication channel therefore does not by itself establish high observational bandwidth, and no new Shannon formal dependency is created here.] 

OBW measures throughput.
A high-bandwidth observation program can register many distinctions, rapid distinctions, dense distinctions, or complex distinction patterns without unacceptable loss of fidelity, persistence, or redeployability.
A low-bandwidth observation program saturates, drops, blurs, delays, compresses, or misregisters distinctions when input rate, variety, density, or complexity increases.
OBW is measured by increasing the rate, variety, density, or complexity of OA-class inputs until the observation program can no longer sustain reliable RAS formation under the stated tolerance.
Where NTO is claimed, bandwidth must also preserve redeployability. It is not enough that records are briefly formed. They must remain available for the relevant consult-and-register pathway where the stronger claim is being made.
OBW is rate-limited by discrimination. Registration speed is constrained by the time required to keep alternatives separable.
OBW is resource-coupled. Higher bandwidth usually increases energy, memory, attention, material, routing, buffering, maintenance, or organisational load.
OBW trades off against depth and fidelity. A system may register many shallow distinctions or fewer deeper, more stable, more redeployable distinctions.
OBW is jointly fixed by interface and locus. A wide channel does not guarantee high observational bandwidth if the observer-locus cannot register, retain, or redeploy what the channel supplies.
3.3. Observational Depth — OD
Observational Depth, or OD, is the effective number of sequential, counterfactually significant consult-and-register links an observation chain can sustain such that later states depend reproducibly on earlier registered distinctions under comparable conditions.
OD measures realised chain depth.
It does not measure mere record accumulation. It measures how far retained distinctions remain operative through actual RSD-mediated dependence.
OD has a minimum of zero where no realised RSD link is established.
OD equals one in the minimal realised non-trivial case: one prior RAS is consulted through RSD as a controlling discriminator for a later registration or downstream transition, and the later result depends counterfactually on which OA-keyed discriminator was present.
Higher OD values describe stronger multi-step reuse chains. They are not minimal requirements for NTO. They measure extended observational chaining.
OD is assessed by intervening on an earlier RAS, or on the OA-class discriminator it carries, and measuring how far that difference propagates as a stable difference in later registrations or downstream outcomes under otherwise comparable conditions.
A chain has greater OD where earlier registered distinctions remain counterfactually significant across more realised consult-and-register steps.
OD declines when earlier distinctions cease to influence later states, when records are overwritten, when redeployment fails, when noise accumulates, when mappings drift, or when later transitions become dominated by non-content variables.
OD depends on RAS persistence, RSD availability, OA stability, scale alignment, and comparator discipline.
OD is noise-accumulating. Error can compound across sequential links.
OD is scale-relative and horizon-relative. A chain may be deep at one scale and shallow at another, or deep over one operational horizon and collapsed over another.
3.4. Observational Gain — OG
Observational Gain, or OG, is the amplification of actionable constraint, predictive power, controllable outcome differentiation, or downstream selection capacity achieved by an observation program relative to an admissible comparator condition.[endnoteRef:4] [4: 	Cybernetic comparator: W. Ross Ashby, An Introduction to Cybernetics (1956), develops variety, regulation, and the law of requisite variety, providing a structural neighbour to constrained downstream differentiation. Observational Gain is not Ashby’s requisite variety and is not a measure of regulatory success. It grades the downstream differentiation attributable to an already specified observation program relative to an admissible comparator. The present paper does not inherit a cybernetic regulator definition.] 

OG measures what the observation program adds.
It is not mere record-presence. A record may exist without producing gain.
It is not mere complexity. A complex observation chain may produce little downstream differentiation.
It is not mere success. A successful outcome may arise through background dynamics rather than through content-driven observation.
OG is present where registration and, where relevant, redeployment of distinctions produces measurable downstream differentiation relative to BD or another admissible comparator.
OG is identified when the observation program expands controllable, predictable, selectable, or differentially accessible outcome classes relative to comparator conditions, and when disrupting the relevant observation chain reduces that differentiation.
Where the claim concerns NTO, OG presupposes comparator-stable dependence. The retained discriminator must be shown to matter downstream before gain can be graded.
Low OG is not automatically weak NTO.
NTO is a threshold claim about realised comparator-stable dependence. OG is a performance descriptor over the magnitude, range, usefulness, or downstream differentiating power of that dependence.
A minimal NTO episode may have low gain but still satisfy the threshold.
A high-gain process that lacks comparator-stable content dependence is not NTO merely because it is useful.
OG measures outcome-space expansion or downstream differentiation.
OG is comparator-relative. Gain is always gain relative to a baseline.
OG is load-sensitive. Gain may decline as load, drift, bandwidth pressure, or depth decay increases.
OG is regime-relative. The same observation program may generate high gain in one regime and low gain in another.

4. Stability, cost, and failure
4.1. Observational Drift — odr
Observational Drift, or ODr, is the gradual degradation, displacement, or distortion of the OA-to-RAS mapping and/or RSD stability over time under sustained operation.[endnoteRef:5] [5: 	Restricted-domain drift comparator: Gerhard Widmer and Miroslav Kubat, “Learning in the Presence of Concept Drift and Hidden Contexts” (1996), analyse online learning where changing or hidden contexts alter the operative target concept. This is a useful application-level neighbour to Observational Drift. The present paper generalises the failure relation beyond learning: drift may affect OA-to-RAS mapping or RSD stability in instruments, organisms, institutions, models, or other observation programs without a changing target concept or adaptive learner.] 

ODr occurs when the same OA-class inputs yield progressively shifted RAS outputs, when retained states change their effective class relation, or when redeployment pathways alter downstream trajectories in ways not attributable to intended intervention.
Drift is not ordinary variation within tolerance.
It is directional or cumulative alteration in the observation program’s mapping or deployment behaviour.
ODr is diagnosed when repeated registrations of the same OA-class under comparable conditions yield progressively changing RAS outcomes, or when repeated redeployments of the same RAS discriminator yield progressively changing downstream dependence patterns.
The drift must be distinguishable from intended recalibration, controlled adaptation, random noise within tolerance, or deliberate change in reference conditions.
ODr commonly appears as declining RF.
ODr may result from constraint fatigue, substrate change, calibration decay, memory interference, channel contamination, institutional drift, model drift, training-distribution mismatch, accumulated load, or slow scale misalignment.
ODr can shorten OD, reduce OG, shrink OH, narrow CH, increase OL, or push the system toward OCx.
ODr may be a precursor to collapse, but it is not collapse by itself.
A drifting observation program may still function within a weakened or narrowed envelope.
The discipline is to detect drift before it becomes regime failure.
4.2. Observational Load — OL
Observational Load, or OL, is the thermodynamic, material, informational, attentional, computational, institutional, or organisational cost borne by a system to sustain observation-capable regimes under prevailing boundary and driving conditions.
OL includes the cost of maintaining registration fidelity, bandwidth, depth, horizon, admissible intervention, calibration, routing, buffering, storage, error correction, comparator construction, and redeployment pathways.
Observation is not free.
A system must sustain the conditions that make distinction registration possible. It may need energy, material throughput, stable channels, memory, attention, maintenance, trained procedure, institutional support, calibration, repair, or review.
OL names that sustaining burden.
A system is under identifiable OL when reducing or interrupting support causes measurable loss in RF, OBW, OD, CH, OH, OG, or RSD availability over the relevant timescale, and restoring or sustaining performance requires measurable energy, material, attention, computation, maintenance, or organisational upkeep.
OL is further supported when varying resource availability systematically affects observational performance under comparable conditions.
OL is boundary-indexed. It must be evaluated at the relevant reference boundary and operational horizon.
OL includes organisational overhead. In complex systems, the load may lie in calibration, routing, storage, procedural discipline, training, institutional maintenance, review, replication, or error correction.
OL is channel-sensitive. Different interfaces impose different load profiles.
OL has trade-off structure. Increasing bandwidth, fidelity, depth, horizon, or gain may increase cost elsewhere.
OL is often hidden until degraded support reveals the maintenance requirement.
A low-load observation program may be fragile because it carries little redundancy or correction capacity.
A high-load observation program may be powerful but unsustainable.
The envelope must include cost.
4.3. Observational Collapse — ocx
Observational Collapse, or OCx, is a regime transition in which an observation program loses the operational capacity to sustain content-driven registration or redeployment under the prevailing reference conditions.
OCx is not merely weaker observation.
It is the transition from a regime where content-driven registration, retention, redeployment, or downstream dependence tests are operationally satisfiable to a regime where they are no longer satisfiable.
In OCx, stable OA-to-RAS distinctions no longer persist, or retained distinctions are no longer usable for prediction, control, comparison, correction, or downstream selection under the stated boundary, scale, horizon, and discrimination regime.
OCx occurs when bounded change in constraints, driving, noise, load, drift, channel integrity, or organisation causes RF, OBW, OD, CH, OH, or RSD availability to fall below operational discriminability.
The program may still exist physically. The instrument may remain present. The archive may remain stored. The institution may still have procedures. The system may still produce outputs. But the content-driven observation relation is no longer operationally satisfiable under the claim being made.
OCx must be distinguished from local failure.
OP collapse is not necessarily OCx. It may be a failure of available contrast for a particular claim.
OA failure is not necessarily OCx. It may be local instability in classing.
OR failure is not necessarily OCx. It may be failed registration in a single episode.
RAS failure is not necessarily OCx. It may be non-persistence of one record.
RSD failure is not necessarily OCx. It may be failure of a particular redeployment pathway.
OCx is broader. It names the regime transition in which the observation program cannot maintain content-driven registration or redeployment as an operationally satisfiable condition.
Collapse is not every failure.
Collapse is failure of the regime.
4.4. Drift-load-collapse dynamics
The descriptors interact.
If drift increases, RF commonly declines. The same OA-class input no longer maps reliably into the same RAS alternative distribution. The observation program begins to lose mapping stability.
If RF declines, OBW may narrow. The program may need to slow registration, reduce input complexity, narrow the channel, or increase correction effort to preserve reliability.
If OBW is exceeded, records may drop, blur, delay, saturate, or compress beyond acceptable tolerance. Some distinctions fail to enter retained state.
If RAS reliability weakens, OD may shorten. Earlier records cease to remain counterfactually significant across later consult-and-register links.
If downstream differentiation weakens, OG declines. The observation program still operates, but produces less constraint, prediction, control, correction, or selection advantage relative to comparator conditions.
If sustaining support rises, OL increases. The system must spend more energy, attention, computation, material, maintenance, or organisational effort to preserve the same observation-capable regime.
If drift, overload, fidelity loss, bandwidth saturation, and depth shortening cross threshold, OCx may occur. At that point, content-driven registration or redeployment is no longer operationally satisfiable under the prevailing regime.[endnoteRef:6] [6: 	Structural adjacency: Jens Rasmussen, “Risk Management in a Dynamic Society: A Modelling Problem” (1997), treats socio-technical risk management as a dynamic, multi-level control problem in which pressures and adaptations can move system operation toward boundaries of acceptable performance. This supplies a specific structural neighbour to the interaction of drift, load, degradation, and regime failure in institutional observation programs. Rasmussen’s target is safety and risk management, not observation status, and no Observational Collapse criterion is imported.] 

This sequence is not mandatory.
Collapse may be sudden.
A channel may be destroyed, a comparator invalidated, a memory store corrupted, a model moved outside distribution, an institution lose procedural integrity, or an organism lose the conditions required for stable registration.
But the descriptor layer makes degradation visible before collapse becomes total.

5. Failure localisation and guardrails
5.1. Threshold status before descriptor grading
Descriptor grading begins only after the relevant threshold claim is specified.
If no OP-supported contrast field is available at the interface, the observation claim fails before registration. There is no relevant distinction available to be registered.
If OP is available but no stable OA regime classes alternatives, the observation claim fails at classing.
If OA is available but no OR event selects an alternative into state, the observation claim fails at registration.
If OR occurs but no persistent, re-identifiable OA-keyed RAS is produced over the operational horizon, the case remains below TO.
If TO is present but no grounded consultability pathway is physically well-posed, the claim does not reach OIP.
If OIP is present but no RSD episode is realised, the claim does not reach NTO.
If RSD is realised but downstream dependence does not survive comparator discipline, the NTO claim fails or must be weakened.
Descriptors should not be used to blur these thresholds.
A low-fidelity registration is not a weak NTO unless the NTO conditions are otherwise met. A high-gain outcome is not NTO unless realised discriminator dependence is established. A broad horizon is not observation if no registration occurs. A high-bandwidth channel is not an observer if it does not produce retained, classed registration for a locus.
The descriptor layer grades performance after status is specified.
It does not replace status discipline.
5.2. Partial persistence and no usable record
A common failure mode occurs between OR and RAS.
A system may undergo an alternative-dependent transition without producing a persistent, re-identifiable retained state. Something happened. The system was perturbed. A difference crossed an interface. An alternative may even have been selected into state. But if the post-transition state does not persist over the operational horizon as an OA-keyed alternative, the claim does not reach TO.
This is partial persistence or no usable record.
Partial persistence may be diagnostically important. It may reveal that OP exists and that OR-like transition begins, but that the retention regime is too weak, too noisy, too short-lived, too overloaded, or too unstable to support record-presence.
The appropriate descriptors are RF and OH.
RF asks whether the OA-to-RAS relation is reliable.
OH asks whether persistence fails beyond a range or time window.
The correct response is not to call the case observation merely because coupling occurred. Nor is it to discard the case as uninformative. It is to localise the failure.
The case may show available contrast without record.
It may show transient registration without retained observation.
It may show the need for retention support before observation-status can be claimed.
5.3. Weak gain without weakened threshold
Another failure mode occurs when a program satisfies the realised dependence threshold but produces little downstream differentiation.
A minimal NTO episode may involve one RSD link with limited practical effect. The prior RAS is consulted and downstream registration depends counterfactually on which discriminator was present, but the resulting outcome-space expansion is small.
This is low OG, not necessarily failed NTO.
Conversely, a process may produce large downstream effect without satisfying NTO. A background physical regularity, external constraint, passive structure, unregistered persistent physical alteration, or environmental condition may strongly shape outcomes while no retained discriminator is redeployed by the locus under evaluation.
This is high consequence without established observational gain.
The distinction prevents gain from becoming a substitute for discriminator discipline.
OG is graded only after comparator-stable dependence has been established.
Usefulness, impact, consequence, or scale of effect cannot replace the threshold.
5.4. OP collapse, program failure, and ocx
Not all observation failure is Observational Collapse.
If no distinguishable alternatives are available at the interface, OP collapses. The program cannot register because the contrast field is absent or degenerate.
If OP is available but the abstraction regime cannot class alternatives stably, OA fails.
If OA is stable but no selection into internal state occurs, OR fails.
If OR occurs but no retained record persists, RAS fails.
If RAS persists but no grounded consultability pathway exists, OIP fails.
If OIP exists but no redeployment occurs, RSD fails.
If RSD occurs but downstream outcomes do not depend comparator-stably on which discriminator was present, NTO fails.
Each failure should be localised.
OCx should be reserved for regime transition: the point at which the observation program can no longer sustain content-driven registration or redeployment under the prevailing reference conditions.
This guardrail matters because collapse is rhetorically powerful. It can become a vague synonym for error, weakness, overload, uncertainty, or local failure. That would destroy its usefulness.
Collapse is not inconvenience.
Collapse is not low gain.
Collapse is not narrow horizon.
Collapse is not local misregistration.
Collapse is not one failed comparison.
Collapse is regime-level loss of content-driven observability.
5.5. Descriptor misuse guardrails
Each descriptor has a common misuse.
OH may be mistaken for metaphysical limit. Correction: OH is program reach under specified conditions, not an edge of reality.
CH may be mistaken for the total space of imaginable alternatives. Correction: CH includes only interventions that preserve comparator admissibility.
RF may be mistaken for truth. Correction: RF measures reliability of OA-to-RAS mapping, not whether the abstraction preserves every relevant relation.
OBW may be mistaken for intelligence or power. Correction: throughput does not establish depth, gain, or realised dependence.
OD may be mistaken for record accumulation. Correction: OD measures realised consult-and-register links, not the number of stored records.
OG may be mistaken for success or usefulness. Correction: OG is downstream differentiation relative to comparator conditions after dependence is established.
ODr may be mistaken for adaptive recalibration. Correction: drift is unintended or uncontrolled displacement of mapping or deployment stability, not deliberate regime update.
OL may be mistaken for inefficiency. Correction: load is sustaining cost; high load may support high performance, but it must be stated.
OCx may be mistaken for any failure. Correction: collapse is regime transition where content-driven registration or redeployment can no longer be maintained.
The descriptors are useful only where they remain disciplined.
They must not become decorative labels.
5.6. Failure localisation sequence
A disciplined failure analysis should proceed by localisation.
First, identify the focal locus and reference conditions. Without locus, boundary, scale, horizon, discrimination regime, and comparator family, the failure is not well-posed.
Second, test OP. Was there a non-degenerate contrast field available at the interface?
Third, test OA. Were alternatives classed under a stable abstraction regime?
Fourth, test OR. Did one alternative become registered into internal state?
Fifth, test RAS. Did the registered state persist and remain re-identifiable over the operational horizon?
Sixth, test OIP. Was a consultability pathway physically, technically, biologically, institutionally, or organisationally well-posed?
Seventh, test RSD. Was the retained discriminator actually redeployed?
Eighth, test downstream dependence. Did outcomes depend counterfactually and comparator-stably on which discriminator was present?
Ninth, apply the descriptors. What was the program’s horizon, counterfactual range, fidelity, bandwidth, depth, gain, drift, load, and collapse threshold?
This sequence prevents failed observation from being treated as one undifferentiated event.
It also prevents successful observation from being overstated.
A program may succeed at one segment and fail at another. It may be high fidelity but shallow. It may be deep but slow. It may have wide reach but narrow intervention range. It may generate high gain only under unsustainable load. It may retain records but fail redeployment. It may be deployable in principle but never realised. It may be valid at one scale and misaligned at another.
Observation is operationally structured.
Failure must be structured as well.

6. Conclusion
6.1. What Paper 4c has installed
This paper has installed the operational-envelope layer of observation.
Paper 4 defined observation as bounded registration and, in stronger cases, realised consult-and-register dependence.
Paper 4a showed that observation is abstraction-bound.
Paper 4b showed that observation is scale-bound.
Paper 4c has now shown that observation is operationally bounded.
The descriptors introduced here do not add primitives. They measure the conditions under which OP, OA, OR, RAS, and RSD remain reliable, deployable, counterfactually testable, and diagnostically localisable.
Observational Horizon measures the reach of reliable registration and redeployment.
Counterfactual Horizon measures the range of admissible intervention.
Registration Fidelity measures the reliability of OA-to-RAS mapping.
Observational Bandwidth measures registration throughput.
Observational Depth measures realised consult-and-register chain length.
Observational Gain measures downstream differentiation relative to comparator conditions.
Observational Drift measures degradation over time.
Observational Load measures the sustaining cost of observation-capable regimes.
Observational Collapse marks the regime transition where content-driven registration or redeployment can no longer be maintained.
Together, these descriptors turn observation from a certificate-word into a performance regime.
They allow an observation claim to be tested not only for threshold status, but for reach, reliability, throughput, chain depth, downstream gain, stability, cost, and collapse.
6.2. Successful observation remains bounded
A successful observation claim can be disciplined without being disqualified.
An observation program may observe only within a narrow horizon, under a narrow counterfactual range, with limited bandwidth, shallow depth, low gain, high load, or fragile stability. That does not make the observation false merely because it is bounded.
It becomes disciplined when its bounds are explicit.
A finite observation program does not need infinite reach. It needs specified reach.
It does not need unlimited intervention. It needs admissible comparator range.
It does not need perfect fidelity. It needs fidelity strong enough for the claim being made.
It does not need unlimited bandwidth. It needs throughput compatible with its registration and retention burden.
It does not need infinite depth. It needs the claimed consult-and-register chain to remain counterfactually significant.
It does not need maximal gain. It needs downstream differentiation appropriate to the asserted role.
It does not need zero drift. It needs drift detected, bounded, corrected, or carried as residual.
It does not need zero load. It needs sustaining cost acknowledged.
It does not need collapse immunity. It needs collapse threshold located where possible.
The finite character of observation is not a defect.
It is the condition under which observation becomes auditable.
6.3. Failed observation can now be localised
A failed observation claim can now be localised.
The failure may lie in absent OP.
It may lie in unstable OA.
It may lie in failed OR.
It may lie in non-persistent RAS.
It may lie in unavailable OIP.
It may lie in unrealised RSD.
It may lie in weak downstream dependence.
It may lie in invalid comparator construction.
It may lie in fidelity loss.
It may lie in bandwidth saturation.
It may lie in insufficient depth.
It may lie in low or absent gain.
It may lie in drift.
It may lie in unsustainable load.
It may lie in collapse.
This localisation matters because an undifferentiated failure label is often too coarse. A system that fails at retention is not the same as one that fails at classing. A system that fails at comparator admissibility is not the same as one that fails at registration. A system that works at low bandwidth but fails under saturation is not observation-absent. A system that drifts is not necessarily collapsed. A system that collapses is not merely low fidelity.
Different failures require different corrections.
Different residuals require different update conditions.
This paper stops at localisation. The later discipline of the unknown belongs to Part 3.
6.4. Closing the part 2 architecture
Paper 4c closes the Part 2 architecture.
Part 2 began by asking how physical difference becomes informational distinction for a finite locus.
Paper 1 established RRP and the RRP Set.
Paper 1a grounded the physical pathway into RRP through signal as preserved contrast.
Paper 1b established reference-indexed realism as the realism-facing discipline of the same architecture: finite claims are target-constrained, access-indexed, model-mediated, comparator-answerable, and residual-bearing.
Paper 1c made the physical instantiation and composition of that architecture explicit through embodied retention, derived Relational Reachability, and distributed Relational Form within the wider relational index, without adding RRP Set primitives.
Paper 2 established knowledge as retained distinction.
Paper 3 established intelligence as applied distinction.
Paper 4 established observation as bounded registration.
Paper 4a established the limits of observation through abstraction, cut, abstraction regime, perspective, Abstraction Gap, relational uncertainty, event-horizon architecture, and objectivity as correction of perspective.
Paper 4b established the scale of observation through stabilised comparability, measurement as registration into scale, Scale Gap, cross-scale translation, and scalar objectivity.
Paper 4c establishes the operational envelope of observation.
The sequence is now complete enough for Part 2.
Within the inherited RRP architecture, information for a locus is operational distinction under specified reference conditions.
Signal is preserved contrast.
Reference-indexed realism is disciplined finite realism under RRP-structured access.
Knowledge is retained distinction.
Intelligence is applied distinction.
Observation is bounded registration.
All observation is abstraction-bound.
All observation is scale-bound.
Every observation program has an operational envelope.
This does not solve every unknown. It does not eliminate residual. It does not provide the full procedure for uncertainty, deferral, update conditions, or disciplined unknown handling. That work is deferred to Part 3.
But it does give Part 2 its architecture.
A finite locus does not possess reality as total state.
It encounters reality through relations by which difference becomes available, classed, registered, retained, applied, modelled, measured, scaled, corrected, and operationally bounded.
The event-horizon profile names the ingress limit of that encounter. Perspective aggregates cuts into a multidimensional profile of possible access. Scale stabilises comparability inside that profile. The operational envelope then states where the resulting observation program remains reliable, deployable, counterfactually testable, and diagnostically localisable.
Usage Note: Across Part 2, locus has been used locally rather than taxonomically. RRP names the reference node from which distinction becomes evaluable. Knowledge asks whether a registered distinction is retained for a locus. Intelligence asks whether distinction is applied to alter branch-space for a locus. Observation asks whether an OP-supported alternative is registered, retained, and possibly redeployed by an observer-locus or observation program. These uses are continuous because each is reference-indexed; they are not interchangeable because each evaluates a different relation. The controlling rule is therefore local specification: do not move the locus silently.
The same principle applies to status language. The recurring structural roles are record-presence, grounded deployability, and realised operativity. Knowledge names them as TK, KIP, and NTK because retained distinction is the object under evaluation. Observation names them as TO, OIP, and NTO because bounded registration and record-operativity are the object under evaluation. The shared structure is inherited, but the status vocabulary belongs to the facet that has earned it.
6.5. Final compression
The final position of this paper is:
Observation is not a primitive certificate.
Observation is bounded registration.
Paper 1 established the RRP architecture.
Paper 1a established the signal pathway into RRP.
Paper 1b established reference-indexed realism as target-constrained, access-indexed, residual-bearing realism.
Paper 1c made embodiment, derived reachability, and distributed Relational Form explicit without adding primitives.
Paper 2 established knowledge as retained distinction.
Paper 3 established intelligence as applied distinction.
Paper 4 established the observation threshold.
Paper 4a established the abstraction condition.
Paper 4b established the scale condition.
Paper 4c establishes the operational envelope.
An observation program is an organised pathway of registration, retention, possible redeployment, and downstream readout.
The descriptor layer does not add primitives.
It measures how the inherited stack performs, degrades, and fails.
OH measures reach.
CH measures admissible intervention range.
RF measures OA-to-RAS reliability.
OBW measures registration throughput.
OD measures realised consult-and-register depth.
OG measures downstream differentiation.
ODr measures degradation over time.
OL measures sustaining cost.
OCx marks collapse of content-driven registration or redeployment.
Threshold is not performance.
Performance is not warrant.
Reach is not truth.
Bandwidth is not depth.
Gain is not status.
Drift is not collapse.
Load is not failure by itself.
Collapse is not every failure.
A failed observation claim should be localised.
A successful observation claim should be bounded.
Observation is registration under constraint.
The event-horizon profile states what can enter the observation program as available relation. Scale states the level at which that relation can be compared. The operational envelope states where registration, retention, redeployment, and downstream dependence still hold.
This closes Part 2 only at the level of informational architecture. The sequence has established availability, signal, reference-indexed realism, retention, application, bounded registration, abstraction, scale, and operational envelope. It has not yet supplied the full discipline of the unknown. Where residual cannot be localised by abstraction, scale, comparator, or operational-envelope analysis, the unresolved remainder must be carried forward rather than forced into closure. The procedure for unknown-handling, disciplined deferral, update conditions, and residual governance belongs to Part 3.
This closes the informational architecture of Part 2.
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