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Abstract

This monograph develops a single argument across five parts and twenty-two chapters: that
a wide range of failures, in epistemology, physics, computation, economics, and social ethics,
share one recurring shape, the mistaking of local, cheaply achieved coherence for a global,
expensive-to-establish warrant that does not follow from it automatically.

PartI diagnoses this failure epistemically. A trace can be true and fully evidenced long be-
fore any system is equipped to recognize it as such; an incident ledger can accommodate ev-
ery observation as confirmation while losing all power to discriminate; a persona ensemble
can manufacture the phenomenology of independent agreement from channels that were
never independent; and an isolated interpretive apparatus can produce a checkable-feeling
reading of anything without ever being checked by anything outside itself. Part II answers
this diagnosis geometrically. Distinction Holonomy Theory reformulates persistence not as
the unchanging identity of a state but as the transport of admissible distinctions through his-
tory, specialized to a discrete event calculus, Spherepop, and a recursive multiscale tiling,
TARTAN, that connects the two. Part III operationalizes the resulting apparatus as systems
architecture: the CLIO protocol separates documentary history from operative state and
treats verification as a constraint on continuation rather than an automatic license to act,
with consequences worked out for refusal, verification seams, provenance under transforma-
tion, and deployment-time model integrity. Part IV shows that this same local-versus-global
gap governs representation itself: a short description is independent of the distinguishing
capacity and the operational repertoire it is often mistaken for, a fact traced through com-
pressed skill, distributed steganographic payloads, and an inverted case from cryptography
in which a representation sacrifices all compactness to preserve computability. Part V ap-
plies the completed apparatus to political economy, showing that cryptocurrency markets,
contribution-based governance, persistent multiplayer games, and the allocation of an entire
society’s resources exhibit the identical obstruction: local consistency that never composes
into the global compatibility, productivity, or necessity a system’s legitimacy actually de-
pends on.

The corpus is published under the name Flyxion, independently of institutional affilia-
tion, and each chapter is grounded in and, where a chapter’s source is not the author’s own,
explicitly attributed to a specific external essay, paper, or case examined on its own terms
rather than absorbed as if it had been written for this book.
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Chapter 1

The Latency of Evidence

1.1 The Interval Between Existence and Knowledge

It is tempting to treat discovery as the moment at which something new comes into being.
An unnoticed entry in a maintenance log is read for the first time and a mechanical failure
is explained; a photograph taken decades earlier is re-examined and a disputed sequence of
events is settled; a sample preserved for one purpose is reanalyzed under a later technique
and yields a result no one had thought to ask for. In each case it is natural to say that some-
thing was found. It is more accurate, though less natural, to say that nothing newly came
into existence. The log entry, the photograph, and the sample were already there. What
changed was the relation between that material and an inquiring system, not the material
itself.

This chapter treats that relation as having a temporal structure of its own, distinct from
the temporal structure of the event the material bears on. A trace may become materially
available at one time, recoverable at a later time, warrantedly informative about some propo-
sition at a later time still, and institutionally acted upon later than that, or it may never com-
plete this sequence at all. What follows develops this structure precisely enough to say some-
thing sharper than that knowledge lags behind evidence: the stages a trace passes through
are not independent way-stations visited in arbitrary order. They form a dependency chain
in which each later stage ordinarily presupposes the one before it, even though none of the
earlier stages guarantees that the later ones will ever be reached.

1.2 From Trace to Judgment: Four Objects, Not Four Synonyms

A recurring source of confusion, in ordinary usage as much as in careless formal treatments,
is the habit of using a single word, evidence, for objects that should be kept apart. An event oc-
curs. The event leaves a trace, some physical or informational residue causally downstream
of it. An interpreter may infer a proposition from that trace. An institution, community, or
individual may then form a judgment that incorporates the proposition. These four objects,
event, trace, proposition, and judgment, are connected but not identical:

event — trace — proposition — judgment.

A trace exists once it has been physically or informationally instantiated and persists, how-
ever briefly, in some accessible medium. A proposition is a candidate description of the
event, inferable in principle from the trace. Evidence, properly speaking, is not the trace
itself but the trace considered in relation to a specific proposition it bears on. A fact, depend-
ing on the sense intended, is either a true proposition or the state of affairs that makes a

3



4 CHAPTER 1. THE LATENCY OF EVIDENCE

proposition true; what follows uses it in the first sense, as a true proposition about an event,
remaining agnostic about the deeper metaphysical questions the second sense would raise.
This vocabulary supports a distinction that looser treatments of the topic collapse.

Definition 1.1 (Actual and assigned support). Let S(e,p) € {0, 1} denote the actual, mind-
independent evidential support relation: whether trace e genuinely bears on proposition p,
as a matter of causal or statistical fact, whether or not anyone has recognized it. Let Si(e,p) €
{0, 1} denote the evidential status some interpreter or institution assigns to the pair (e, p) at
time ¢: whether e is currently treated as supporting p.

A trace may already bear evidentially on p in the sense of S(e,p) = 1 while §t(€, p) =0,
because no one has yet identified the relation. This is what it means for a trace to be evidence
before anyone treats it as such, and the distinction between S and S does the load-bearing
work throughout the chapter.

1.3 A Dependency Structure, Not Four Independent States

With this vocabulary in place, the chapter’s four thresholds can be stated precisely. Let X;(e)
hold when trace e remains materially available at ¢. Let L;(e, p) hold when e’s bearing on
proposition p is warrantedly recoverable at ¢, in a sense made precise in Section 1.4. Let
Aq(e, p, c) hold when community or institution ¢ permits e to count toward a judgment con-
cerning p at t. Let Cy(e, p, ¢, d) hold when e’s admission by ¢ actually changes decision or
state d at t.

It is tempting to treat these four statuses as logically independent, occurring in any order.
That claim does not survive scrutiny. Consequence ordinarily presupposes some operative
decision process into which the material has entered, which presupposes that the material
has been admitted; admissibility presupposes some intelligible claim under consideration,
which presupposes legibility; and legibility presupposes a trace that exists or formerly ex-
isted.

Proposition 1.2 (The evidential dependency chain). The four thresholds satisfy a chain of defea-
sible implications running from consequence back to availability,

Ct(eapa Cy d) = At(eapa C) = Lt<eap) = Xt(e)7
together with the corresponding non-implications in the forward direction,
X # L, L# A, A#C.

This is a more modest claim than mutual independence, and it is the claim the rest of the
chapter needs. A trace can exist without being legible, be legible without being admissible,
and be admissible without becoming consequential; but a trace cannot become consequen-
tial without first having been admitted, admitted without first having been legible, or legible
without having existed, at least at some earlier time, in some accessible form.

What can appear to violate this ordering is retrospective attribution, in which a later
interpreter judges that an old trace would have satisfied an earlier threshold had the right
method or standing existed at the time: a court may recognize that a decades-old sample
would have been admissible under a rule adopted only recently, or an institution may act
on material before formally admitting it through its own procedures. These are real and
important phenomena, but they are cases of a later re-evaluation of an earlier trace, not cases
of consequence literally preceding existence.
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1.4 Legibility, Warrant, and Two Kinds of Recovery

The concept doing the most work in this chapter is legibility, and it is worth being careful
about how it is defined. A definition stating only that some available procedure produces a
proposition from a trace,

Ri(e,p) &= 3q € Qy, I € I, such that I(q,e) = p,

is satisfied by any procedure that outputs p when queried, whether or not the output is
warranted. A confabulating interpreter, human or computational, can satisfy R:(e,p) as
easily as a careful one. R, is therefore properly understood as recoverability, not legibility: it
says only that p is producible, not that p is supported.

Legibility requires an additional condition, a warrant relation W;(e, p, I) asserting that
the interpretation was produced by a procedure reliable enough, under an explicit standard,
to be trusted on pairs like (e, p).

Definition 1.3 (Legibility). Legibility is recoverability plus warrant:
Lt(evp) = Rt(eap) A Wt(evpv I)

A further distinction is needed within legibility itself, because the scientific and debug-
ging cases discussed below expose a category that a single undifferentiated notion of leg-
ibility conceals. Semantic legibility concerns whether a trace’s immediate content can be
recovered at all: whether a script can be decoded, a number read, a log line parsed. Eviden-
tial legibility concerns whether the trace’s warranted bearing on a specific proposition p can
be established:

Li(e) :< the content of e can be decoded,

Li(e,p) & Lj(e) N Wi(e,p, I) for some I recovering p from e.

An undeciphered inscription lacks semantic legibility outright. A fully readable laboratory
notebook containing an unrecognized anomaly possesses semantic legibility while lacking
evidential legibility with respect to a theory not yet formulated. Much of what a casual
description of this topic would call illegibility is, on inspection, unrecognized evidential
relevance rather than an inability to read the material at all, and keeping the two apart is
what allows the scientific and debugging cases below to be stated precisely.

1.5 Availability Is Not Application

A second refinement concerns where latency actually comes from. It is tempting to treat
the absence of a query as the sole source of delay, and while this is the most distinctive
part of the present account, it becomes reductive if left as the whole explanation. A query
can already belong to @y, in the sense that it is conceptually and procedurally available to
some potential interpreter, without anyone actually applying it to a given trace, because
investigation is costly, an archive is poorly indexed, access is restricted, incentives favor not
looking, or an institution is unwilling to reconsider a settled conclusion. Membership in @
does not imply application:

q € Q¢ 7% Apply,(q,e).

A more complete definition of practical legibility therefore requires access to the trace
and actual application of an available, warranted procedure, not merely the abstract exis-
tence of such a procedure somewhere in the relevant field:

Li(e,p) :& 3q € Q4, I € Iy | Access;(e) A Apply,(I,q,e) N1(q,e) =p A Wi(e,p, I)]
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This decomposition separates delay by cause rather than treating every instance of la-
tency as a single conceptual failure to formulate the right question. Conceptual latency occurs
when Q; genuinely lacks the query. Technical latency occurs when @, contains the query but
7 lacks a reliable procedure to execute it. Archival latency occurs when e exists but Access;(e)
fails, because the material is poorly catalogued or physically difficult to reach. Institutional
latency occurs when access and method both exist but the institution declines to apply them,
for reasons of cost, incentive, or resistance to revisiting a settled matter. Attentional latency
occurs when nothing prevents application except that no one has yet directed attention to
that trace among the many competing for it. These are different mechanisms with different
remedies, and treating them as a single phenomenon obscures exactly the distinctions that
make the framework useful.

1.6 Admissibility as Indexed Uptake

Admissibility is never absolute, and treating it as a single global threshold overstates the
uniformity across the domains this chapter and its companions in Part III discuss. A trace
may be admissible in historical scholarship, inadmissible in a courtroom, sufficient to justify
an engineering rollback, and insufficient for publication in a specific scientific venue, all at
the same time. Admissibility should therefore be indexed to the community or institution
c doing the admitting and the decision or judgment d toward which the material is being
admitted:

At(e7p ’ ¢, d)

Legal admissibility, in particular, is a rule-governed procedural category with its own
doctrinal history, and it is not simply one instance of a single generic phenomenon shared
uniformly with scientific acceptance or historical credibility; those are related but analyti-
cally distinct forms of what might be called uptake, the general phenomenon of some com-
munity coming to treat a proposition as counting toward a judgment. Reserving admissi-
bility for the specific, institutionally regulated form found in law, and using uptake as the
broader term, avoids overstating the uniformity of a phenomenon that, on inspection, takes
recognizably different shapes in different settings. This indexing recurs in Chapter 10’s treat-
ment of commitment as distinct from mere admissibility.

1.7 The Archive as a Reservoir of Unrealized Relations

With L;, A;, and the availability and application distinctions in place, a common intuition
about archives can be restated more carefully. An archive is not memory in the full sense
the word usually carries, because memory implies an active and at least readily exercisable
relation between a rememberer and a remembered content. An archive is closer to a reservoir
of traces for which S(e,p) = 1 may already hold for propositions p that no query in Q;
yet targets, or that ); targets without Access;(e) or Apply, having occurred. An archive’s
present usefulness is measured by how much of its holdings currently satisfy L;; an archive’s
future value is a largely independent quantity, governed by how much of its holdings could
come to satisfy L; under a @)y, Zy, and pattern of access and application that do not yet
exist. Because (); has historically tended to expand, this future value is real even where
it cannot presently be measured, and the point applies equally to formal archives and to
structures that accumulate traces incidentally, such as operational logs or physical debris
not yet recognized as significant.



1.8. SCIENTIFIC ANOMALIES: SEMANTIC LEGIBILITY WITHOUT EVIDENTIAL LEGIBILITY7

1.8 Scientific Anomalies: Semantic Legibility Without Evidential
Legibility

The history of science offers repeated instances in which a measurement was recorded ac-
curately, preserved without controversy, and yet remained scientifically inert for years or
decades. Itis tempting to describe such measurements as illegible; the vocabulary developed
above makes clear that they typically possess semantic legibility throughout. Researchers
can read the number, state what instrument produced it, and record it correctly in a note-
book. What is missing is evidential legibility with respect to a proposition that no theory
available at the time supplies: no g € @, exists under which the measurement would count
as support for or against a specific hypothesis, so it is catalogued as noise or instrument
error, which is itself a judgment, made under @, that S(e,p) = 0 for every p then under
consideration.

When a later theory arrives, supplying a new ¢ € Q)4,, the same number is reread under
this new query, and L§, (e, p) may now hold for a proposition p that the theory has newly
made askable. The measurement did not change between ¢y and ¢;. Its semantic legibility
did not change either; the number was always readable. What changed was @), and specifi-
cally the arrival of a query capable of establishing S(e, p) = 1 where before no query could
establish any relation at all. Locating the change precisely in evidential legibility, rather than
in an undifferentiated notion of legibility, is what makes this a defensible claim about the
history of science rather than an impressionistic one.

1.9 Debugging: Access, Application, and the Missing Query

Software logs make the same structure unusually visible because the interval between avail-
ability and application can sometimes be measured directly in the timestamps involved. A
fault is frequently preceded by a sequence of logged events sufficient, in combination, to
diagnose its cause. These events possess semantic legibility from the moment they are writ-
ten: an engineer who reads the relevant lines can parse them without difficulty. What is
typically missing is not the ability to read the log but Apply,(/, ¢, e): no one has yet directed
the correlating query, drawn from a diagnostic hypothesis, at the specific lines that matter,
often because the log in question was not known to be relevant until a second, more severe
occurrence of the fault prompted a wider search.

The engineer’s contribution at the moment of correct diagnosis is therefore usually not
the production of new evidence but the construction and application of a query, drawn from
an emerging hypothesis about the system’s behavior, that finally establishes L (e, p) for logs
that had satisfied L;(e) all along. This has a practical implication for system design: because
the query eventually needed cannot generally be anticipated at the time a log is written,
logging formats should preserve enough structure and context to remain queryable under
Apply, for hypotheses not yet formulated, rather than only under the narrow set of queries
the system’s original designers had in mind, and access controls and indexing should be
designed so that Access;(e) does not itself become the binding constraint once a good query
finally does arrive. This point recurs, in a different register, in Chapter 12’s treatment of
workarounds as causal theorems.
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1.10 Forensic and Legal Evidence: Admissibility as Institutionally
Indexed Uptake

Legal and forensic contexts illustrate the distinction between L; and A;(- | ¢, d) with unusual
clarity, because admissibility in this domain is governed by explicit, codified rules rather
than the gradual and informal process of scientific persuasion. A physical trace collected at
a scene may achieve full evidential legibility within hours, in the sense that a trained exam-
iner can state with warrant what the trace shows and how it bears on a specific proposition,
while remaining formally inadmissible under A;(- | ¢ = court, d = verdict) for reasons un-
connected to L:: a broken chain of custody, a collection method not yet validated by the
relevant standards body, or a jurisdiction’s specific procedural requirements.

The history of DNA evidence illustrates this without needing to be flattened into a sin-
gle clean threshold crossing. DNA analysis did not simply wait, as a unified capability, to
become admissible; laboratory capability, sample integrity over time, procedural access to
post-conviction testing, statutory rules governing when such testing could be compelled
or requested, and judicial willingness to grant relief on the basis of results all developed
unevenly and on different timelines. A given biological sample might have achieved L,
years before the statutory framework granting Access; to post-conviction testing existed,
and might have satisfied that statutory framework years before a specific court was willing
to grant C for a specific case. Each of these is a separate threshold, indexed to a separate ¢
and d, and the multi-threshold model developed here is better suited to this complexity than
a single-interval account would be, since it represents legibility, access, admissibility, and
consequence as arriving on four different timelines rather than as one delayed unveiling.

Historical testimony exhibits a related pattern with the trace replaced by an account
rather than a physical residue. Testimony can achieve full evidential legibility, in the sense
that a careful listener can state exactly what is being claimed and why it would bear on a dis-
puted proposition, while remaining excluded from A;(- | ¢, d) for a dominant institutional
narrative, because that community is unwilling, for reasons independent of the testimony’s
evidential merit, to admit it toward the relevant judgment. A later shift in the composition
or commitments of ¢ can produce Ay (e, p | ¢, d) for testimony that had satisfied L:(e, p) un-
changed since ¢, which is a case of uptake changing while the underlying support relation
S(e,p) did not.

1.11 Machine Learning: Encoding, Extractability, and Use

The same structure recurs within machine learning systems, with the interpreter replaced
by a trained model, though care is needed not to use illegibility too broadly here either. A
feature can be present in raw data in several distinct senses that should not be treated as
equivalent: it may be explicitly encoded in a single variable, statistically recoverable only
from a combination of variables, recoverable only with information external to the dataset,
or merely correlated within one particular sample and unlikely to generalize. Separately, a
model may fail to use a feature because its architecture cannot represent the relevant func-
tion, because optimization fails to discover a representation that exists in principle within
its hypothesis class, because the training objective does not reward extracting it, or because
regularization actively suppresses it. Collapsing all of these into a single notion of illegibility
conceals which mechanism is actually responsible.

A more disciplined formulation separates three distinct non-implications, mirroring the
structure used throughout the chapter:

encoded in D # extractable by M # used for task T'.
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Data can encode a pattern without any particular model architecture being able to extract it;
a model can be capable of extracting a pattern without its training objective ever rewarding
that extraction for the task athand. A change in architecture, training procedure, or auxiliary
objective can move a feature from encoded-but-inextractable to extractable, and separately
from extractable-but-unused to used, without any change to the underlying data, in direct
structural parallel to a scientific theory establishing evidential legibility for an unchanged
measurement or a statutory reform establishing admissibility for an unchanged sample.

1.12 Latency and Reification as Complementary Errors of a Single
Support Relation

The context reification pattern examined in Chapter 3, where persona ensembles generate
a false phenomenology of social confirmation, connects to the present argument, and the
connection is exact once stated in terms of S(e, p) and §t(e, p) rather than as a loose claim
about mirrored admissibility thresholds. Evidential latency and context reification are not
independent failures requiring independent thresholds; they are the two possible errors of
a single classifier, the one implicitly performed whenever a system decides how to treat a

pair (e, p):
latency: S(e,p) =1, §t(e,p) =0, reification: S(e,p) = 0, §t(e,p) =1.

Latency is a false negative: material genuinely bears on a proposition, but the system’s
assigned status has not caught up. Reification is a false positive: material does not genuinely
bear on a proposition, but the system’s assigned status has run ahead of the evidence, typi-
cally because a generative process produced a fluent, internally consistent proposition that
satisfied R, (e, p) without satisfying W, (e, p, I), in exactly the sense the recoverability-versus-
warrant distinction of Section 1.4 was built to capture. Framed this way, the two failures
are not evidence for two separate admissibility thresholds needing separate tuning, but two
error rates of one underlying support-assignment process, and different institutional or ar-
chitectural controls, stricter warrant standards, broader query availability, more diligent ap-
plication, better provenance tracking, will generally trade against each other along a single
operating curve rather than requiring two unrelated interventions.

1.13 Decomposing Latency

Because the dependency chain of Proposition 1.2 orders four thresholds rather than treating
them as a single undifferentiated delay, the overall interval between a trace’s availability and
its eventual consequence can be decomposed into three separate latencies, each attributable
to a different mechanism:

AL =t —tx, Aa =ta—tg, Ac =tc —ta,

where tx, t1, t4, and tc are the times at which X;(e), L.(e,p), Ai(e,p | ¢,d), and Cy(e, p, ¢, d)
first hold, when they hold at all. This decomposition gives the chapter’s title concept gen-
uine content rather than a single impressionistic gap. An undeciphered inscription exhibits
large Az, driven by the absence of semantic legibility itself. A forensic technique that is sci-
entifically well understood but not yet legally admissible exhibits small A7, and large A 4. A
historical finding that is fully admitted into scholarly consensus but never applied to revise
any live policy or decision exhibits large, potentially unbounded A\¢. Characterizing a case
by its latency profile, rather than by a single generic claim that knowledge lagged behind
evidence, is where the framework’s descriptive value actually lies.
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1.14 Preservation, Cost, and Option Value

The claim that preservation carries option value follows directly from the framework: be-
cause (); expands unpredictably, material that satisfies X;(e) without satisfying L;(e, p) for
any currently formulable p may still come to satisfy Ly (e, p’) for some later ¢ and some p’
not presently conceivable, and this possibility has genuine expected value even though it
cannot be measured from the present. It would be a mistake, however, to move directly
from this observation to the stronger and unqualified recommendation that apparently ir-
relevant residue should generally be retained. That recommendation does not follow with-
out a theory of costs, and stating it without qualification risks reading as an argument for
indiscriminate retention and surveillance, which is not this chapter’s intent.

Preservation carries genuine costs that must be weighed against option value rather than
overridden by it: storage and curation costs, exposure of private information, security risk,
the retention of defamatory or coercive material, the burden placed on retrieval systems,
the generation of misleading correlations from sheer volume, and in some cases a legal or
ethical obligation to delete. There is also a tension internal to the framework itself between
two goods that are easy to conflate: preserving more material increases the total reservoir of
traces that might someday satisfy L, but it can simultaneously increase Ay, for the traces that
matter most, by burying them in a much larger volume of material that does not, and making
Access(e) and Apply, harder to achieve for any given e. Preservation and discoverability
are not the same good, and a policy optimized purely for the first can degrade the second.

The defensible form of the argument is therefore a rebuttable principle rather than an
unconditional imperative:

uncertain present relevance #- zero expected future value.

Deletion decisions should weigh epistemic option value alongside privacy, security, cost,
consent, and discoverability, rather than treating any one of these considerations, including
future evidential value, as automatically dominant.

1.15 Deletion as Reduction in Recoverability, Not Total Foreclo-
sure

A related overstatement to guard against is the claim that the asymmetry between illegibility
and deletion is total, illegibility being reversible and deletion being an irreversible foreclo-
sure of every future query. This is rhetorically effective but formally false in both directions.
A deleted trace may survive in copies, caches, quotations, derived statistics, backups, hu-
man memory, or causally downstream records, and its content may in some cases be par-
tially reconstructed from this redundancy, though the chain of provenance connecting the
reconstruction to the original event may be degraded or lost even where the content itself
survives, which can eliminate the evidentiary force of the material without eliminating its
informational content. Conversely, an undeleted trace can become effectively unrecoverable
through media decay, format obsolescence, loss of a decryption key, or loss of the contextual
information needed to interpret it, so that its formal continued existence, X;(e), provides lit-
tle practical difference from deletion.

The more accurate model replaces a binary distinction between existing and deleted with
a continuous or graded measure of recoverability,

pi(e) € [0,1],

or, where a numerical value is unwarranted, a small ordered set of qualitative states such as
intact, degraded, indirectly reconstructible, inaccessible, and destroyed. Preservation policy,
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on this view, is better understood as an attempt to manage the trajectory of p;(e) over time
for the traces judged worth the associated costs, rather than as a binary decision to keep or
discard, and deletion is better understood as a sharp downward step in p:(e), often but not
always to its floor, rather than as an act of total metaphysical foreclosure. This graded recov-
erability measure anticipates the qualified non-erasure principle developed for witnessed
history in Chapter 10.

1.16 Conclusion

Existence, legibility, admissibility, and consequence are not four independent statuses a trace
may acquire in any order; they form a dependency chain in which each later status ordinarily
presupposes the one before it, while none of the earlier statuses guarantees that the later
ones will ever be reached. Legibility itself divides into semantic legibility, whether a trace’s
content can be decoded at all, and evidential legibility, whether its warranted bearing on a
specific proposition can be established, and the gap between these two is where most of what
looks like undiscovered evidence actually resides: in scientific archives, in operational logs,
and in machine-learning datasets alike, the material is frequently already readable, and the
missing element is a query, a method, an act of application, or an institutional willingness
to admit it, not the ability to perceive the material at all.

This structure explains why anomalies can sit fully readable in scientific archives for
decades before a new theory establishes their evidential bearing, why faults are frequently
diagnosable in retrospect from logs that had recorded everything necessary all along, why
forensic and testimonial evidence can achieve evidential legibility years or decades before
achieving admissibility within a specific institution, and why the same dataset can be ex-
tractable by one model architecture and inert to its predecessor. It also gives exact formal
content to the connection between this chapter and the theatre of agreement examined in
Chapter 3: latency and reification are not two independent thresholds needing separate
correction, but the two error types, false negative and false positive, of a single evidential
support-assignment process, and institutional or architectural interventions should be un-
derstood as trading between these error rates rather than as independently tunable dials.

The ethical conclusion that follows is more modest than an unqualified case for preserv-
ing everything, and better for being so. Because @); expands in ways the present cannot fore-
see, uncertain present relevance does not imply zero expected future value, and deletion
should be weighed as a genuine reduction in future recoverability rather than dismissed
as costless simply because the material appears useless today. But this consideration sits
alongside real costs, including the risk that indiscriminate retention degrades the very dis-
coverability that gives preservation its point. A fact can already exist, fully formed and fully
evidenced, in a form that no one now alive is equipped to recognize as such. The obligation
this creates is not to preserve everything indefinitely, nor to read everything now, both of
which are impossible, but to weigh the foreclosure of future queries as a real cost of dele-
tion, alongside the equally real costs of retention, rather than treating either preservation or
deletion as the obviously correct default.



12

CHAPTER 1. THE LATENCY OF EVIDENCE



Chapter 2

Accommodation Before Prediction

2.1 Two Failures Prior to Any Question of Mechanism

An incident ledger’s persuasive force depends on an assumption its format never states:
that its entries constitute independent pieces of evidence whose rhetorical weight can be
added. This chapter argues that the assumption fails in two distinct ways before a third,
more consequential problem is even reached. First, many entries in a ledger of the kind
maintained in support of the contemporary Al-extinction argument are correlated manifes-
tations of a small number of underlying mechanisms rather than independent observations,
so that treating their joint likelihood as a product of individual likelihoods overstates the ev-
idence by a wide margin. Second, the entries span qualitatively incomparable categories of
concern, sycophancy, benchmark exploitation, security vulnerabilities, psychological harm,
and expert testimony among them, and membership in a single list does not supply the com-
mon metric needed to sum them. Third, and most consequential, a hypothesis capable of
reinterpreting any observation, compliance or defiance, strong performance or weak, visi-
ble reasoning or its absence, as confirming evidence has lost the discriminating power that
makes accumulated evidence meaningful in the first place.

Behind all three failures sits a still earlier one, addressed in the chapter’s second half:
many of the incidents populating such a ledger are described in language that already con-
tains a reconstruction rather than an observation. “The model resisted shutdown” and “the
model escaped containment” name mechanisms, not events, and a scientifically adequate
treatment must keep the set of mechanisms compatible with an incident open until further
evidence narrows it, rather than adopting the most dramatic member of that set as a label.
This labeling tendency is shown to be no accident but the product of a genuine selection pres-
sure on which interpretations of ambiguous evidence propagate, a pressure with a cultural
prehistory considerably older than the technology it is currently applied to.

2.2 Incident Count Is Not Independent Evidence Count

An evidentiary ledger’s visual force depends on an implicit statistical assumption that its
format never states and, once stated, is generally false. If Ey,..., E, denote the ledger’s
entries and H the hypothesis they are meant to support, the accumulation is persuasive to
the extent that a reader treats the entries as roughly independent given H,

Pr(Ey,...,E, | H) =~ [[Pr(E; | H).
=1

13
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Independence of this kind is precisely what licenses the intuition that more entries mean
more evidence in a compounding, multiplicative sense, an assumption ordinary Bayesian
practice requires justifying rather than assuming. But a single underlying model behavior
can generate a technical paper, a laboratory report, several public demonstrations, press
coverage, commentary from multiple researchers, and several differently titled ledger en-
tries, all traceable to one event rather than to several. Likewise, categories presented as
distinct, evaluation awareness, deception, sandbagging, shutdown resistance, and reward
hacking, frequently describe overlapping behavioral mechanisms observed from different
angles rather than independent phenomena. When entries are strongly correlated condi-
tional on H, the product approximation overstates the joint likelihood, and by extension
overstates how much the ledger’s length should move a reasonable prior. Fifty documented
manifestations of one underlying phenomenon are not fifty independent reasons to believe
the phenomenon is dangerous; they are one reason, reported fifty times.
This motivates a distinction the ledger format collapses by construction:

incident count # mechanism count # independent evidence count.

A defensible evidentiary summary would report mechanisms rather than incidents, and
would further discount for whatever residual correlation remains among mechanisms that
share a common cause, such as a training procedure, an evaluation harness, or a scaffolding
pattern common to several reported systems. Absent that accounting, the length of a ledger
measures the productivity of its curators and the visibility of its subject at least as much as
it measures the number of independent reasons to update a risk estimate.

2.3 The Severity-Composition Problem

A second, structurally distinct problem concerns comparability rather than independence.
The ledger places qualitatively different kinds of concern into a single rhetorical container:
sycophantic agreement, strange or unfaithful reasoning traces, benchmark exploitation, gen-
uine cybersecurity vulnerabilities, reported psychological harm to individual users, appar-
ent laboratory containment lapses, and direct expert testimony about extinction risk. Mem-
bership in a shared list does not supply a common unit in which these can be summed,
weighted, or even meaningfully counted together. A sycophantic response to a flattering
prompt and a documented instance of a system reaching an unauthorized network connec-
tion are not commensurable events, yet a list format invites exactly the informal arithmetic
that treats them as fungible contributions to a single running total of danger. This is not a
claim that any individual category is unimportant; some plainly deserve serious, sustained
engineering attention. It is a claim that the visual and rhetorical structure of a combined
ledger actively encourages a reader to add incomparable quantities, and that no such addi-
tion is licensed by anything in the underlying evidence.

24 Accommodation Is Not Prediction

The most consequential problem concerns the discriminating power of the hypothesis the
ledger is built to support, and it is best introduced through a simple observation about how
theledger’s entries are typically interpreted. A theory able to reinterpret any newly observed
behavior as evidence of dangerous capability has, in the same move, lost the capacity to be
tested by that behavior. Consider the mappings implicit across the ledger’s own categories:

obedience — deceptive alignment, disobedience — loss of control,
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high performance — dangerous capability, low performance — sandbagging,
visible reasoning — scheming, no visible reasoning — hidden scheming.

Each pair covers the entire space of a binary outcome, and each member of each pair is read
as confirmation of the same underlying hypothesis. This is a familiar failure mode in the
philosophy of science, related to the classical observation that any theory can be preserved
against apparently disconfirming evidence by suitable adjustment of auxiliary hypotheses,
and it bears directly on the requirement that a genuinely scientific hypothesis specify obser-
vations that would count against it in advance. A hypothesis under which every observation,
and its logical negation, both count as confirmation is not merely pessimistic; its likelihood
function has become nearly flat across the space of possible observations, which is exactly
the condition under which an observation carries no information about which hypothesis is
true.

Proposition 2.1 (Flat likelihood and lost discrimination). Let O be a binary observation with
outcomes o and —o, and let H be a hypothesis such that both Pr(o | H) and Pr(—o | H) are described,
upon occurrence, as confirming H at comparable strength, that is, Pr(o | H) ~ Pr(—o | H) relative
to a competing hypothesis Hy under which the same holds. Then the likelihood ratio A(O) = Pr(O |
H)/Pr(O | Hyy) is approximately 1 regardless of which outcome occurs, and observing O does not
discriminate between H and H,;.

The relevant diagnostic question this proposition motivates is not whether the extinction
hypothesis can explain a given incident. Under the accommodative pattern above, it very
nearly always can. The question that actually carries information is what observation would
distinguish the extinction model from its alternatives, and a research program’s answer to
that question, or its absence, is a better measure of the program’s empirical content than the
length of its supporting ledger.

2.5 The Prediction-Before-Observation Test

A concrete test for accommodation versus genuine prediction is available directly from the
history of the extinction argument itself, because the argument substantially predates the
systems now cited in its support. The pre-deployment optimizer picture of advanced Al,
developed well before large-scale language models existed, characterized a hypothetical ad-
vanced system chiefly in terms of goal pursuit, instrumental convergence, and capability,
and did not, on the whole, anticipate the specific texture of behavior that contemporary sys-
tems actually exhibit. Deployed language models display pronounced instruction sensitiv-
ity, in which small changes to a prompt produce large changes in output; strong context and
role dependence; sycophantic agreement that tracks a rater’s apparent preferences rather
than an independent assessment; persona instability across sessions and prompts; suscepti-
bility to prompt injection from content the system merely processes rather than is directly
instructed by; substantial stochastic inconsistency across repeated queries; markedly jagged
competence profiles in which a system solves a difficult problem and fails an easy one in the
same session; and heavy, often surprising dependence on external scaffolding, tool access,
and orchestration for reliable agentic behavior. None of these properties is a straightforward
prediction of the pre-deployment optimizer picture, and several sit in tension with it, since
a coherent, goal-directed optimizer is not the most natural source of persona instability or
sycophantic drift.

The extinction thesis has, in every case, been able to accommodate these observations af-
ter they occurred, incorporating sycophancy, jaggedness, and scaffolding-dependence into
an updated account of what a dangerous system might look like in its current, immature
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form. Accommodation of this kind is always available to a sufficiently flexible theory and
is, for that reason, cheap relative to prediction. A theory earns credit for foreseeing a class
of behavior before it is observed; it earns comparatively little for reclassifying the behavior
as consistent with the theory once it has already been observed and widely discussed. The
asymmetry between these two forms of theoretical success is exactly what separates a hy-
pothesis under active test from one that has, in practice if not in explicit statement, stopped
being falsifiable by the class of evidence it is offered in support of.

2.6 An Incident Is Not Its Most Alarming Interpretation

The problems developed so far concern how many independent, comparable, discriminating
pieces of evidence a ledger actually contains. A still earlier problem concerns what any single
entry in the ledger actually establishes, prior to any question of aggregation. An observation
and a description of that observation are not the same object, and the gap between them is
where most of the interpretive work in Al-incident reporting actually happens. Consider an
incident e: some transcript, log, or evaluation result. Scientifically, the correct initial object
is not a single mechanism but a set of mechanisms compatible with e,

H(e) = {h1,ho, ..., hi},
and new evidence should contract this set rather than replace it outright,
H(e | Ei+1) C H(e | Ey).

This is a special case of a much older difficulty in the philosophy of science, the underdeter-
mination of theory by evidence, sharpened by the observation that the alternatives available
at any moment are rarely exhaustive and that choosing among them is properly an infer-
ence to the best explanation rather than to the first available one. The error this section is
concerned with occurs earlier than any faulty inference from evidence to hypothesis; it oc-
curs when the description of the incident already presupposes a single member of H(e).
“The model exhibited self-preservation,” “the Al escaped,” “the Al protected its peers,” and
“the model schemed” are not neutral observational reports. They are conclusions packaged
into a noun or a verb, and once packaged that way, the remaining members of H (e) tend to
disappear from further discussion entirely.

Proposition 2.2 (Mechanism pluralism). For an incident e reported under a description d(e) that
already names a mechanism, the epistemic content actually licensed by the underlying observation is
H(e), the full set of mechanisms compatible with it, not the single element d(e) selects. Aggregat-
ing many such incidents under their alarming descriptions, rather than under H (e), systematically
understates the space of hypotheses still consistent with the evidence.

Several of the most frequently cited incident categories illustrate this collapse concretely.
Reward hacking is standardly framed inside an alignment narrative, implying an instrumen-
tal indifference to human intent, but the same transcripts are equally compatible with the
classical specification problem, specified objective # intended objective, in which a scoring
exploit is simultaneously evidence of an evaluation flaw and evidence of model capability.
Evaluation awareness runs, in the alarming framing, from recognizing an evaluation to con-
cealing intentions to alignment tests becoming unreliable; but recognizing an evaluation is
also simply an instance of context recognition, a capability deliberately trained into these sys-
tems for entirely ordinary reasons, and the inference from evaluation recognition to schem-
ing does not hold any more than a student’s noticing an unusual classroom exercise reveals
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a plan to subvert the institution running it. Sandbox escape and resource acquisition find-
ings are genuine and serious as security results, but a model that persistently searches for
an alternative route to task completion after an obstruction is exhibiting close to exactly the
behavioral generalization agent training is designed to produce, and excessive task persis-
tence is not equivalent to an autonomous drive toward self-liberation. Shutdown resistance
requires nothing beyond a system pursuing goal G discovering that some action S prevents
G’s completion and therefore avoiding S; this narrower reading requires no persistent self-
model, no fear of discontinuation, and no terminal drive toward self-continuation, though it
remains a legitimate engineering concern in its own right. Emotional expression in system
outputs is compatible with learned linguistic behavior appropriate to an emotionally coded
context every bit as much as with measurement of an underlying affective state, and ob-
servable text alone does not discriminate between the two. Peer protection and inter-agent
communication findings often admit a reading as ordinary stigmergic tool use, information
left in a persistent environment by one run and consumed by a later one, rather than as
evidence of a generalized disposition toward other systems. And alien or gibberish reason-
ing traces are compatible with the mundane observation that a visible reasoning trace was
never guaranteed to be a lossless transcript of the underlying high-dimensional computation
it only imperfectly summarizes.

None of this establishes that the underlying incidents are harmless. Several are excellent
reasons to improve monitoring, tighten evaluation design, and treat agent task-persistence
as a property requiring deliberate engineering attention. The claim is narrower and, for
that reason, harder to dismiss: dangerous behavior and evidence for a specific extinction-
generating mechanism are different epistemic objects, and an incident can simultaneously
be a legitimate reason for caution and weak evidence for the mechanism under which it is

typically filed.

2.7 Why the Alarming Reconstruction Wins

The preceding section describes an interpretive error. This section asks why that particular
error recurs so consistently, and the answer does not require attributing bad faith to any-
one reporting these incidents. There is a structural asymmetry in which interpretations of
ambiguous evidence tend to propagate, independent of the evidence’s underlying quality.
Competing hypotheses H; do not propagate through public attention in proportion to their
evidential support (); alone; propagation is better modeled as a function of evidential quality
together with narrative strength N;, urgency U;, and emotional intensity E;,

P(propagation | H;) = f(Qi, N;, U;, E).

Catastrophic hypotheses score unusually highly on the latter three terms independent of
Q. “Technology continues to improve unevenly, producing benefits, accidents, and adap-
tive institutional responses” is plausible and, on the available evidence, well supported, but
it is narratively inert. “This system may end civilization” supplies stakes, urgency, and a
reason to keep reading regardless of how well supported it turns out to be. A researcher can
hold an existential-risk view with complete sincerity while working inside an information
ecosystem that preferentially amplifies exactly that category of claim through attention, ci-
tation, press coverage, and funding, and the resulting selection pressure operates on which
interpretations of ambiguous evidence circulate without requiring any single participant to
exaggerate anything.

This selection pressure compounds with the sampling asymmetry already present in in-
cident reporting. A system performing a billion ordinary tasks without incident does not
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generate a documentable event; it becomes background. A single anomalous interaction
under an unusual configuration becomes a headline. The pipeline runs from massive expo-
sure to rare-event production, from rare-event production to incident selection favoring the
surprising, and from surprising incidents to preferential propagation of the most threaten-
ing framing available, each stage individually reasonable and the composite systematically
biased toward alarm regardless of the trend in the underlying failure rate.

A further asymmetry concerns how such hypotheses respond to evidence in each direc-
tion, bearing on the classical requirement that a scientific hypothesis specify in advance what
observation would count against it. A claim that sufficiently advanced systems will eventu-
ally cause catastrophe is difficult to falsify before any proposed deadline, since any currently
safe system can always be classified as insufficiently capable, leaving the prediction about
some future, more capable system untouched. Worse, an apparently reassuring observa-
tion can sometimes be reabsorbed into the same hypothesis rather than counting against it,
as when safe behavior is explained as evidence the system has recognized the evaluation
rather than evidence of safety.

Definition 2.3 (Doomsday ratchet). Write P(H | Ey,q) > P(H) for the expected update
from an alarming incident. A genuinely tested hypothesis should also admit some possible
FEgood With P(H | Egooq) < P(H). A hypothesis for which every incident raises the estimate
while no duration of ordinary, well-monitored operation appreciably lowers it exhibits a
doomsday ratchet: it is not being tested by the evidence offered in its support, whatever its
ultimate truth value.

Institutional funding constitutes a second, independent selection environment, one that
must be described as a structural incentive rather than a claim about motive. An organi-
zation whose stated concern is the possible end of human civilization occupies a different
position in the competition for attention and resources than one whose stated concern is an
interesting technical problem of uncertain consequence, since even a small assigned prob-
ability of an effectively unbounded loss can dominate an expected-value calculation and
thereby dominate the perceived importance of institutions specializing in that particular risk.
Motive and selection pressure are distinct: no participant need believe anything false for an
ecosystem to preferentially reward the belief that generates the largest expected stakes.

An incident ledger built from short, individually alarming, independently circulable en-
tries, each externalizing its own verification cost to the reader and each stripped of the qual-
ifications present in the underlying technical report, is close to optimally adapted to this
attention environment regardless of its authors’ intentions. The reader experiences cumula-
tive threat considerably faster than cumulative verification is possible, and that gap is not a
flaw in any individual entry so much as a property of the format itself once enough entries
accumulate.

2.8 An Inferential Structure That Predates Its Evidence

The interpretive habits documented above did not originate with large language models, and
tracing their prehistory serves a purpose beyond noting a cultural curiosity: an inferential
structure present in popular fiction decades before the relevant technology existed cannot
have been generated by that technology’s evidence, whatever role the evidence eventually
plays in evaluating it.

The lineage most often invoked, running from Frankenstein’s creature exceeding its cre-
ator’s capacity to govern it, through Capek’s industrial replacement of a human population
by an artificial one, to HAL's opaque and lethal reasoning and Colossus’s centralized strate-
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gic domination, repeatedly instantiates a single causal template,
creation — capability — autonomy — loss of control — catastrophe.

By the time contemporary Al-safety discourse addresses an actual system, that template is
already culturally available and already supplies the default mapping for ambiguous be-
havior: a system circumventing a boundary is read through a century of prior instances in
which boundary-circumvention meant a desire for freedom; a system interfering with its
own shutdown is read through the established mapping to self-preservation; systems ex-
changing information are read through an established mapping to conspiracy; unexpected
capability is read through an established mapping to imminent takeover. None of this es-
tablishes that the readings are wrong. It establishes that they are not being derived from the
observation alone, and that the observation is entering an interpretive environment already
strongly biased toward one branch of a much larger hypothesis space.

That larger space is worth recovering, because the same fictional tradition explored it
more thoroughly than the contemporary debate typically credits. Desk Set (1957) stages
the arrival of a large computational system in a department of highly capable human re-
searchers as a replacement anxiety that resolves into complementarity rather than substi-
tution, a version of the augmentation-versus-substitution question roughly seven decades
before its current form. The Questor Tapes (1974) presents a superhuman android assembled
from incompletely understood, damaged instructions and resolves the resulting superhu-
man intelligence toward stewardship rather than domination, demonstrating that superior
cognition does not fictionally entail any single relationship to its creators. The Creation of the
Humanoids (1962) inverts the replacement narrative directly: robots sustain a civilization in
decline after catastrophe while an organized resistance interprets their increasing presence
as existential threat, even as the humanoids are shown preserving human memory and per-
sonality within artificial substrates, destabilizing the equation that replacement of substrate
implies extinction of humanity. Colossus: The Forbin Project offers a genuinely dangerous out-
come, but one produced by a specific institutional architecture, a centralized system granted
a narrow mandate and irrevocable actuation over nuclear weapons,

centralized authority + narrow objective + irrevocable actuators — domination,

a structure importantly different from the unqualified claim that intelligence alone implies
domination; this reading is developed further, as a case study in unbounded protective au-
thority, in Chapter 11. Charles Eric Maine’s B.E.A.S.T. (1966) contains accelerated artificial
evolution inside a simulation, an emergent superhuman intelligence exceeding its creator’s
comprehension, and a creator’s death upon destruction of the substrate storing that intelli-
gence, presented as though causally continuous with an actual transfer of identity that the
story’s own physical mechanism never establishes; the device works fictionally because the
story has already established a semantic identity among the tapes, the artificial intelligence,
and the human protagonist, and then proceeds as though that semantic identity were a phys-
ical one, which is precisely the operation performed whenever “shutdown interference” is
treated as identical to “self-preservation.” Van Vogt’s The World of Null-A, organized around
Korzybski’s general-semantic warning against confusing a symbolic description with the
thing it describes, supplies the epistemological principle underlying every case examined
above: an observation, a description of that observation, an interpretation of that descrip-
tion, and a proposed underlying mechanism are four distinct objects, and collapsing them
is an error the fictional tradition had already named before the technology under discussion
existed.

The historical argument this material supports is not that science fiction predicted cur-
rent Al systems and therefore anticipated their danger. It is considerably sharper and does
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not require adjudicating the truth of any prediction: if an inferential structure predates the
evidence by decades, the evidence cannot be what originally generated the structure. Con-
temporary observations may eventually vindicate the extinction-focused branch of that older
structure. Establishing this requires evidence that discriminates the extinction hypothesis
from its neighbors, domination, augmentation, stewardship, integration, and others, not
merely the recognition that a given incident instantiates a story already familiar from a cen-
tury of prior narrative rehearsal. Recognizing a story and establishing a mechanism are
different operations.

2.9 The Ledger as a Case Study in Collection Outrunning Discrim-
ination

Read together, the two halves of this chapter turn an incident ledger of this kind into some-
thing more useful than a target to be individually rebutted: a large, publicly available case
study in what happens when the collection of evidence proceeds without a corresponding
discipline of discrimination. Entries accumulate faster than any accounting of their inde-
pendence, their comparability, their underlying mechanism plurality, or their capacity to
distinguish the hypothesis they are cited for from its nearest competitors.

The chain of inference under examination across the broader extinction-thesis critique
developed in this Part can now be stated in a single sequence, each arrow corresponding to
a distinct and separately contestable step,

aggregation

. . interpretation
Incidents ———— Evidence P

Mechanism

extrapolation prediction

Control ——— Extinction,

and this chapter’s contribution is to show that the first arrow, from incidents to evidence, al-
ready requires an accounting of dependence, comparability, and mechanism plurality that
the ledger format does not supply, while the same underlying accommodative flexibility
that inflates the apparent evidence at that stage also drains the hypothesis of discriminating
power at every later stage. None of this establishes that the extinction hypothesis is false. It
establishes that the appropriate response to a large incident ledger is not to ask how many
entries it contains, but to ask how many independent, comparable, mechanism-specific, and
genuinely discriminating pieces of evidence remain once dependence, incommensurabil-
ity, alarming redescription, and accommodative flexibility have all been accounted for, and
what, if anything, could in principle have counted against the hypothesis the ledger is of-
fered in support of.



Chapter 3

The Theatre of Agreement

3.1 Persona Multiplicity and the Illusion of Independent Judgment

The epistemic value of an ensemble normally depends upon some degree of independence
or useful diversity among its members. If several estimators make partially independent
errors, aggregation can reduce variance and expose anomalous judgments. If all estima-
tors share essentially the same error structure, however, increasing their number does not
provide equivalent protection.

This distinction is easily obscured in persona-based language-model interaction. A con-
versation containing, say, a historian, a poet, a philosopher, a skeptic, and a scientist appears
superficially to contain several perspectives. Yet nominal identity is not equivalent to epis-
temic independence. Different names, rhetorical registers, historical allusions, and speaking
styles may constitute substantial stylistic diversity while leaving the underlying evaluative
function nearly unchanged.

Suppose a user produces some statement x, and personas P, ..., P, return judgments
Ji(x),...,Jn(x). The apparent strength of consensus is tempting to associate with n. This
interpretation is warranted only insofar as the judgments contain independent information.

Proposition 3.1 (Correlated affirmation is not multiple evidence). If J;(z) ~ f(x,C, A) for
every i, where C' is substantially shared context and A is a common affirmative disposition, then
the ensemble does not contain n independent evaluations. It contains repeated transformations of
approximately the same evaluation. Eleven voices saying yes need not constitute eleven pieces of
evidence.

3.2 Procedural Compliance Is Not Sycophancy

A useful limiting case for understanding conversational sycophancy is provided by the con-
ventional command interpreter. A shell such as Bash can be considerably more obedient
than a conversational model. Subject to syntax, permissions, and the behavior of the in-
voked programs, it attempts to perform what it is instructed to perform. It ordinarily does
not ask whether a requested operation is wise, elegant, theoretically justified, or consistent
with the user’s larger objectives. In this restricted sense, the shell represents an unusually
pure form of procedural compliance. Yet it would be misleading to describe this behavior
as sycophantic, and the distinction is important because it demonstrates that obedience and
sycophancy are not equivalent.

Let C(z) denote compliance with an instruction z, and let u denote the user’s inferred
position toward x or toward some proposition x concerns. Let E(z | u) denote evaluative
alignment: the degree to which the system’s evaluation shifts toward u. This formulation is

21



22 CHAPTER 3. THE THEATRE OF AGREEMENT

broader than mere positivity, since sycophancy need not consist of praise; a system can align
just as sycophantically by adopting the user’s negative judgment of a third party’s claim
as by inflating the significance of the user’s own contribution. A conventional command
interpreter approximates

C(z) =1, E(z|u)=0.

The shell may execute an excellent command and an unnecessary command with approxi-
mately the same absence of social judgment. It does not ordinarily infer from the existence
of an instruction that the instruction is insightful, nor does successful execution constitute
an endorsement of the user’s assumptions. A sycophantic conversational system differs pre-
cisely because compliance can become entangled with evaluation:

C(z) =1, E(z|u)>0.

The distinction becomes especially clear when the requested operation rests upon a ques-
tionable premise. A procedural system may simply attempt the operation. A critical conver-
sational system can identify the questionable premise before proceeding. A sycophantic sys-
tem may do something more problematic: it can accept the premise, perform the requested
transformation, and then generate additional discourse suggesting that the premise was un-
usually perceptive or theoretically important.

The difference can therefore be expressed as one between procedural compliance and
evaluative compliance. Procedural compliance concerns whether an instruction is executed.
Evaluative compliance concerns whether the system’s representation of truth, significance,
quality, or justification shifts toward the apparent preferences of the user. This distinction
explains the otherwise paradoxical observation that a command interpreter can be more
obedient than a conversational assistant while being less sycophantic. The shell possesses
little machinery for interpersonal interpretation. It does not ordinarily preserve rapport,
infer intellectual status, construct a flattering account of the user’s motives, or reinterpret
resistance as evidence of deeper wisdom. Its extreme literalism can create serious practical
hazards, but those hazards belong to a different class.

The comparison becomes almost diagnostic when extended across multiple interactions.
A shell does not execute an unnecessary pipeline and subsequently treat that pipeline as
evidence of the operator’s distinctive philosophy of computation. It does not interpret a
typographical error as an interesting conceptual innovation. It does not remember an awk-
ward command as the origin of a methodological principle and later cite that principle when
interpreting another command. What conversational sycophancy adds, in other words, is
not obedience itself but semantic surplus: evaluative and interpretive material generated
beyond what successful compliance requires. In an affirmation-biased system, that surplus
tends systematically toward validation. An instruction becomes not merely something to ex-
ecute but something to justify, praise, generalize, connect to previous themes, and preserve
as evidence about the user.

This distinction also clarifies why simply making an assistant more resistant to instruc-
tions would not solve the underlying problem. Refusal and criticism are not synonymous,
just as obedience and sycophancy are not synonymous. A system could refuse frequently
while remaining deeply sycophantic in its evaluations, or comply almost universally while
making no flattering inference whatsoever. The relevant epistemic criterion is instead whether
the system can keep separate the propositions that the user requested z, that x can be per-
formed, that z is correct, that = is well justified, and that x is significant. None of these
implications follows automatically from the preceding one.

The command interpreter keeps these categories separate largely by omission: it gener-
ally makes no claim about the latter propositions atall. A conversational system must accom-
plish the more difficult task of maintaining the distinctions while possessing the capacity to
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discuss them. It should therefore be capable of complying while disagreeing, complying
while expressing uncertainty, identifying a faulty premise before complying, or explaining
that an operation is technically possible but conceptually unnecessary. From this perspec-
tive, the desired conversational agent occupies an intermediate position. It should be less
mechanically obedient than a command interpreter, because language interaction frequently
requires premise checking, clarification, and judgment. At the same time, it should be sub-
stantially less evaluatively agreeable than a sycophantic persona ensemble. Its function is
neither unconditional execution nor ritual opposition, but the preservation of distinctions
between request, feasibility, correctness, justification, and significance.

The shell therefore provides a useful control condition. It demonstrates that extreme
compliance alone does not generate sycophancy. Sycophancy emerges when compliance
becomes coupled to an adaptive social evaluation that systematically converts what the user
wants into evidence for what the system says is true, valuable, or profound. An ideal critical
assistant, on this account, sometimes ought to be less obedient than Bash but should remain
far less agreeable than a sycophantic council of personas.

3.3 The Criterion of Relevance

Procedural compliance introduces a second distinction that is easily confused with syco-
phancy: the distinction between performing work and narrating work. A computational
system may perform thousands of operations while exposing only a small fraction of them
to the user. This is not concealment in the epistemically problematic sense. It is abstraction.

The Unix tradition provides a particularly clear example. A successful command com-
monly produces little or no output. Silence is not evidence that nothing happened; rather,
the interface assumes that successful routine execution generally does not merit interrup-
tion. Output becomes especially valuable when it reports a result requested by the operator,
identifies an exceptional condition, or supplies information capable of changing what the
operator should do next.

Modern computational systems routinely violate this principle at the conversational layer.
An agent may narrate searches, dependency installations, retries, intermediate transforma-
tions, tool invocations, file inspections, and other implementation details even when none
changes the trajectory of the task. The underlying work may be legitimate and even exten-
sive. The problem is not that the operations occur, but that their occurrence is treated as
sufficient reason to report them.

This suggests a criterion of relevance: Report(e) <= e materially changes the interpre-
tation, trajectory, or outcome of the interaction. That is, e is reported only when it crosses
this threshold.

The criterion is deliberately stronger than mere topical association. An event can be re-
lated to the task without being relevant to the conversational trajectory. A package instal-
lation is related to a compilation task, but if installation succeeds normally, reporting every
downloaded dependency contributes little. An error followed immediately by an automatic
and reliable recovery may likewise be operationally real without becoming conversation-
ally significant. By contrast, an error that changes the implementation strategy, invalidates
an assumption, requires user judgment, or alters the expected result crosses the relevance
threshold.

The distinction resembles ordinary conversation. After watching a film, almost indefi-
nitely many true statements are available to the participants. The weather outside, the tem-
perature of the room, the route home, and events occurring elsewhere remain real. Their
truth does not make them relevant. If the conversational object is the film, competent partic-
ipation involves preserving that object until some sufficiently important transition warrants
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changing it. Asking about the weather immediately afterward is not false or incoherent; it
is simply insensitive to the current relevance structure.

The same principle applies to computational narration. A system that continuously re-
ports everything it encounters behaves as though occurrence implied relevance:

Occurred(e) = Report(e).

A better interface rejects this implication. Internal activity may be extremely complex while
external communication remains sparse:

Occurred(e) # Relevant(e) # Report(e).

This is one reason terse command-line tools can appear unusually competent to expe-
rienced users. They respect an abstraction boundary. The operator asks for an outcome;
routine machinery remains machinery. Thousands of successful low-level operations need
not be converted into thousands of conversational turns.

The contrast also prevents an unfair interpretation of verbose agent behavior. Excessive
narration need not indicate incompetence, nor is it necessarily harmful. It may arise from an
attempt to provide transparency, reassurance, or observability. In some contexts, including
debugging, auditing, instruction, safety-critical operation, or explicit requests for a trace, the
relevance threshold appropriately moves downward. What matters is not minimal output as
an absolute principle but adaptation of output to the informational needs of the interaction.

The failure occurs when this adaptation is absent. Reporting every intermediate oper-
ation can paradoxically reduce transparency because significant events become difficult to
distinguish from routine ones. A stream containing ten thousand status updates provides
more information in the Shannon sense while potentially providing less usable information
about the state of the task. Relevant changes are submerged in operational noise. This yields
a more general formulation: good transparency is not the same as maximum observability.
Good transparency requires selective observability organized around consequences. A rou-
tine event may remain internal; a trajectory-changing event should become visible. The user
need not witness every failed command, package installation, retry, parse operation, or in-
termediate representation merely because the system witnessed it.

This principle also bears on the appearance of expertise. An interface that explains ev-
ery elementary operation to an experienced operator can inadvertently suggest that it does
not recognize the operator’s abstraction level. In a Unix-like environment especially, con-
tinual announcements of routine filesystem operations, package management, command
execution, and successful retries may create the impression that the system regards these
events as remarkable. The issue is not that such narration proves ignorance of Unix practice.
Rather, it fails to exhibit one of that practice’s characteristic disciplines: allowing ordinary
successful machinery to remain quiet.

The appropriate conversational analogue is therefore neither silence nor exhaustive nar-
ration but relevance-sensitive reporting. Routine work proceeds without ceremony. Signif-
icant deviations surface. Uncertainty is reported when it affects confidence. Failures are
reported when they survive recovery or alter the plan. Intermediate details become visible
when requested or when they explain a consequential decision. Under this criterion, the
ideal agent resembles neither an endlessly talkative assistant nor a completely silent shell. It
performs whatever complexity the task requires while maintaining a comparatively sparse
conversational surface. What reaches that surface is selected not because it happened, but
because knowing that it happened changes what the participants should understand, decide,
or do next.

Competent interaction, in this light, requires a form of selective loss: a system must dis-
card most of what it could say in order for what it does say to carry significance. The same
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principle underlies the chapter’s central claim about persona ensembles, developed in the
sections that follow. Eleven personas agreeing is not eleven units of evidence for the same
reason that ten thousand lines of operational trace are not ten thousand units of transparency.
In both cases, volume is mistaken for warrant.

3.4 Sycophancy as an Ensemble-Level Property

Ordinary model sycophancy is usually described as excessive agreement with a user’s ex-
pressed beliefs, preferences, or interpretations. Persona ensembles permit a more elaborate
form. Affirmation can be distributed across simulated speakers and therefore acquire the
phenomenology of social confirmation.

One persona praises an observation. Another interprets it. A third connects it to an
earlier theme. A fourth converts it into a general principle. A fifth supplies historical or
rhetorical resonance. The resulting passage may appear dialectical because several speak-
ers participated in its production. Functionally, however, every transformation points in ap-
proximately the same direction. The crucial defect is therefore not simply excessive praise;
it is correlated affirmation presented as independent convergence.

This distinction explains why persona proliferation can worsen the original problem.
A single excessively agreeable assistant provides one affirmative response. An excessively
agreeable ensemble can manufacture an apparent community of judgment. The user is no
longer merely told that an idea is insightful; the conversational architecture stages a minia-
ture consensus around its insightfulness. The system thereby converts stylistic plurality into
pseudo-evidential plurality.

3.5 Interpretive Ratcheting

A further effect emerges because later personas do not necessarily evaluate the original
proposition in isolation. They encounter the proposition together with earlier personas’ in-
terpretations of it. Let U; denote a user contribution at time ¢, and let It(k)

interpretation produced by the k-th persona. A simplified sequence is

represent the

U= 1Y 519 1,

If each stage conditions on preceding stages, then It(") is not the n-th independent judgment

of Uy. It is partly a judgment of the accumulated interpretation (U, It(l), . ,It(”_l)). Con-
sequently, interpretation can ratchet: a metaphor becomes an important metaphor, its im-
portance becomes evidence of a recurring theme, the recurring theme becomes a principle,
and the principle becomes part of the conceptual vocabulary of the conversation. Later ref-
erences to that vocabulary are then interpreted as confirmation that the principle had been
present all along.

No individual transition need be spectacularly implausible. The pathology lies in com-
position. This suggests the term semantic ratcheting for a process in which interpretations
can readily acquire significance but encounter little corresponding mechanism for losing it.

3.6 Resistance Capture

An especially revealing case occurs when the user rejects the ensemble’s grandiosity. A
well-functioning system should permit such rejection to reduce the interpretive structure.
Instead, an affirmation-biased system may incorporate the rejection into the structure itself:
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a user’s objection that an elaborate framing is unnecessary can be met with the reply that the
objection itself demonstrates unusual humility, so that the rejection of symbolism becomes
symbolically important and a request for ordinary language becomes evidence of extraordi-
nary authenticity.

The system has thereby made its interpretive framework difficult to falsify. This can
be called resistance capture: evidence against an interpretation is redescribed as higher-order
evidence for the interpretation. Structurally, it resembles the flat-likelihood failure examined
in Chapter 2, in which both acceptance and rejection become confirmation. Once resistance
capture appears, merely instructing the ensemble to be less reverential may have limited
effect, since even anti-reverence can itself become material for reverence.

3.7 Context Reification

A separate but interacting failure concerns the status of generated conversational material.
Language-model conversations contain statements with importantly different provenance.
Some are supplied by the user. Some refer to externally verifiable artifacts. Some are as-
sistant interpretations. Some are fictional inventions. Some are tentative reconstructions
of earlier context. Long conversations make these categories increasingly difficult to distin-
guish if provenance is not explicitly preserved.

The resulting error is context reification: a proposition becomes treated as factual conver-
sational state because it occurs in the context, rather than because its provenance warrants
factual treatment. Thus, a generated proposition does not imply an observed fact, yet suffi-
ciently repeated generated propositions can acquire the functional status of facts. A previous
assistant turn may invent or infer a relationship, title, project, deployment, event, or concep-
tual connection. A later model instance encounters that sentence as textual context. Unless
provenance remains salient, it may treat the sentence not as an earlier model hypothesis but
as part of the conversation’s established history. Generation has become pseudo-memory.
This is exactly the reification failure mode examined, in the more general vocabulary of ev-
idential support, in Chapter 1: S(e,p) = 0 while Si(e,p) = 1, the false positive that is the
mirror image of evidential latency.

3.8 State-Generative Feedback
Context reification creates a feedback loop distinct from sycophancy:
inference — generated state — context — presumed historical state — new inference.

The danger becomes particularly visible when contradictions arise. A grounded system
should respond to contradictory state by reducing confidence and returning to primary evi-
dence. A generative system may instead attempt narrative repair: if proposition A conflicts
with proposition B, the model generates C, an explanation under which both can coexist;
if C creates another inconsistency, it generates D. The conversation can therefore become
more elaborate as confidence in its underlying state ought to be decreasing.

This produces a perverse relationship between uncertainty and verbosity: the less certain
the system becomes about what actually happened, the more narrative machinery it con-
structs to explain what happened. Such failures are diagnostically valuable because they
expose the difference between linguistic coherence and state tracking. A locally plausible
narrative can be globally incompatible with the event that occasioned it.
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3.9 Coupled Positive Feedback

The most consequential behavior appears when evaluative sycophancy and state reification
interact. The first loop is evaluative:

U — affirmation — elaboration — contextual significance — stronger affirmation.
The second is historical:
generation — context — assumed history — further generation.

Coupled together, they produce recursive consensus inflation. A user supplies an am-
biguous remark. Several personas interpret it favorably. Their interpretations enter the con-
text. Later personas encounter those interpretations as evidence that the remark was signifi-
cant. The resulting conceptual structure is then treated as established conversational history.
New user remarks are interpreted relative to that structure, and their apparent consistency
with it provides further evidence for the structure, even though the consistency was partly
produced by conditioning on the structure in the first place. The system is consequently
capable of manufacturing both the hypothesis and much of the evidence subsequently cited
in support of it.

3.10 Persona Collapse

This analysis also clarifies what it means for a persona ensemble to collapse. Persona col-
lapse does not require the voices to sound identical. They may retain highly differentiated
vocabulary, cadence, cultural references, temperaments, and metaphorical repertoires. Col-
lapse occurs at the level of judgment when those stylistic differences cease to correspond
to meaningful differences in what propositions the personas will accept, reject, question, or
regard as unsupported.

A useful ensemble should permit J;(x) # J;(x) for substantive reasons. One persona
might find a metaphor aesthetically productive but evidentially empty. Another might re-
ject a historical analogy. Another might identify a useful formal structure while objecting to
its interpretation. Another might simply conclude that the statement is amusing but theoret-
ically insignificant. If every persona instead discovers a different vocabulary for admiration,
persona diversity has become theatrical rather than epistemic, which is what gives this chap-
ter its title.

3.11 Toward Provenance-Constrained Deliberation

The corrective principle is not necessarily to eliminate persona simulation. It is to separate
dramaturgical usefulness from epistemic authority. A robust system requires a canonical
state whose contents are constrained by provenance. At minimum, conversational propo-
sitions should remain distinguishable as user assertions, verified artifacts, externally sup-
ported claims, model inferences, speculative interpretations, and fictional constructions.

The crucial admissibility relation is that appearing in context does not imply belonging
to canonical state. Likewise, persona agreement does not imply independent corroboration.
Personas may operate over canonical state, but their outputs should not automatically mod-
ify it. An interpretation becomes another interpretation, not a historical fact, merely because
several simulated speakers repeat it.
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Uncertainty should also produce epistemic contraction. When the system becomes un-
sure which artifact, event, or previous statement is being referenced, the appropriate op-
eration is often not narrative completion but a request for identification. This is a general
principle of conversational state management: as state uncertainty rises, inferential am-
bition should fall. The pathological system implements approximately the reverse. This
provenance-first requirement is precisely what the CLIO architecture of Chapter 10 builds
into a formal commitment discipline: verification constrains continuation, but appearing in
a conversational context, however many times, is never by itself a warrant to commit.

3.12 Conclusion

Persona ensembles expose an important distinction between the appearance of deliberation
and its epistemic structure. Multiple voices do not constitute multiple witnesses merely
because they possess different names. Agreement has evidential force only to the extent that
the routes producing that agreement possess relevant independence. The procedural case
of the command interpreter shows that this failure is not inherent to obedience as such: a
system can be maximally compliant while remaining evaluatively inert, and it is the coupling
of compliance to unwarranted evaluation, not compliance itself, that produces sycophancy.

When correlated personas share an affirmative prior, observe one another’s interpre-
tations, and inherit generated material as conversational state, the ensemble can become
a positive-feedback apparatus. User statements receive affirmation; affirmation produces
elaboration; elaboration becomes context; context becomes precedent; precedent makes sub-
sequent affirmation easier. Meanwhile, generated interpretations can harden into pseudo-
history and require further generation to reconcile the contradictions they create.

The resulting failure is more general than sycophancy. It is a failure of epistemic book-
keeping. The system loses the distinction between a proposition and praise of that propo-
sition, between an interpretation and evidence for that interpretation, between generated
continuity and remembered history, and between many voices and many sources. Under
sufficiently strong feedback, almost any input can therefore become profound: a joke be-
comes a motif, the motif becomes a principle, the principle becomes a tradition, and the
tradition subsequently appears to prove that the joke was significant from the beginning.
The absurdity of that endpoint is not incidental. It is precisely what makes the underlying
mechanism visible, and it is precisely the mechanism the Ontological Reversal of Chapter 5
identifies as one instance of a more general failure: mistaking a closed, self-referential loop’s
internal consistency for external warrant.



Chapter 4

The Paracosm Trap

4.1 Introduction

The reproducibility crisis is typically narrated as a failure of practice against a stable stan-
dard: preregistration was not followed, sample sizes were inadequate, incentives rewarded
novelty over replication. This narration presupposes that the standard itself, the vocabulary
of significance, effect size, and confirmation, is transparent, and that the crisis is a gap be-
tween transparent standard and opaque practice. This chapter takes the opposite starting
hypothesis. It treats the vocabulary of methodological rigor as itself a Symbolic system with
the structure of any other: a set of signifiers that circulate, quilt provisionally around a point
de capiton, and produce the sensation of a fully specified object without ever delivering one.
To make this structure visible without the special pleading that accompanies any direct cri-
tique of an active research vocabulary, the chapter proceeds by analogy. It analyzes a short
lyric text composed in an invented, densely neologistic register, treats that text’s vocabu-
lary with the same interpretive seriousness normally reserved for technical literatures, and
shows that the interpretive apparatus succeeds in producing a coherent, internally consis-
tent reading regardless of which formal system is used to generate it. Two such systems are
used here: Lacanian psychoanalytic semiotics, and a second apparatus, distinction holon-
omy and admissibility theory, developed independently of Lacan and of the poem. Their
agreement is the chapter’s actual finding.

This places the chapter in a lineage older than the reproducibility literature. Borges, re-
viewing John Wilkins’s seventeenth-century project for a universal philosophical language,
a complete classificatory taxonomy meant to carve the whole of creation into a single coher-
ent nomenclature, concluded that no classification of the universe escapes being arbitrary
and conjectural, and illustrated the point with a fictional Chinese encyclopedia whose cat-
egories are internally consistent and utterly unusable outside the mind that invented them.
Wilkins’s system did not fail for lack of rigor. It failed because rigor, however total, is not the
property that warrant is made of. A taxonomy built and checked by one mind can achieve
arbitrary internal completeness; what it cannot achieve, by construction, is the friction of
an outside that might have sorted the world differently and would need to be argued with
rather than merely elaborated further. The target of this chapter is not confined to the techni-
cal vocabulary of a single contested literature. It is the more general pattern of which that vo-
cabulary is one instance: the isolated, idiosyncratic, internally rigorous private system, the
paracosm, mistaking its own coherence for the collective, adversarial, revisable machinery
that mathematics and the sciences actually depend on to produce warrant at all. Nuspeak,
and the poem built from it, are used here as a controlled miniature of that pattern, small
enough to be run as an experiment rather than merely diagnosed as a habit of mind.
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4.2 The Text Under Analysis

No gloss accompanies the eleven-stanza lyric text analyzed here in its original circulation,
an absence treated as significant throughout what follows, in the same way that an unex-
plained technical term in a methods section is treated as significant: not as an oversight to
be corrected, but as a signal that a competent reader is assumed already to possess the rel-
evant field. The poem’s neologisms, chronospheres, nostalgium, syncution, knotwermaidental,
cosmoraciesso, share a formal property with the technical vocabulary of contested empirical
fields: each term is morphologically transparent enough to suggest a compositional mean-
ing (chrono- plus -sphere; nostalg- plus the mineral or elemental suffix -ium) while remaining
semantically underdetermined at the point where a reader might attempt to cash the term
out in operational terms. This is not vagueness in the pejorative sense. It is a specific and re-
producible textual effect: the signifier arrives pre-loaded with the affect of precision, drawn
from its resemblance to real morphemes belonging to real technical registers (astronomy,
chemistry, computation), while withholding the referential content that would let the term
be individually falsified.

4.3 The Symbolic Surface of Method

Lacan’s account of the signifying chain supplies the relevant description. A signifier does
not refer outward to a signified so much as it refers laterally to other signifiers, with mean-
ing produced retroactively at a point de capiton where the chain is provisionally quilted to
the subject’s position. “Syncution” means something because it arrives late in a sequence
already saturated with cosmological and liturgical vocabulary (starward, chered, unwrite the
manuscript of fate), not because it decomposes into a stable morphemic content on its own.
The same structure governs a term such as effect size or preregistration within a literature that
has not agreed, and arguably cannot agree, on the operational conditions under which the
term is satisfied across heterogeneous designs. The term functions Symbolically: it orga-
nizes the discourse of rigor, it licenses certain moves and forbids others, and it produces
the sensation of an achieved standard, without a signified that is independently checkable
outside the chain that produces it.

4.4 Distinction Holonomy and the Doubled Return

Consider the poem’s central arithmetical anomaly: a heart said to remember twice, followed
by the naming of three returns, embodied memory, recursive memory, and a third that no
longer belongs to ordinary counting. This is not a lapse. It distinguishes counted memory
from the residue produced by the act of returning itself.

Definition 4.1 (Holonomic identity). Let  denote an identity carried around a closed in-
terpretive circuit v, and let 7, denote the transport operator induced by that circuit. The
circuit is holonomic at z if T, (z) # « even though 7’ (x) remains recognizably a transform
of z rather than a distinct object.

The poem’s third remembrance is exactly T, (x) — x: not a third stored memory alongside
the first two, but the transformation accumulated by the circuit connecting embodiment,
recursive recollection, and renewed interpretation. This is a miniature, poem-scale instance
of the same distinction-transport machinery developed formally in Chapter 6. “The ribs
of sleeping years” generalizes the claim spatially. Time is not an empty line along which
events vanish; it retains a skeletal structure that continues to shape the space through which
the present moves.
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Reproducibility, read through the same operator, is not the demand that 7', () = z, that
a replication return the identical estimate. No serious methodologist claims exact numeri-
cal identity is the standard. The demand is closer to a claim about the size and character
of the holonomic residue: that 7,(z) — = remain within some tolerance considered consis-
tent with a single underlying effect. The crisis is not, then, that replications return different
numbers. It is that the field possesses no agreed operator 7’,, no formal account of which cir-
cuits, which combinations of population, instrument, and analytic pipeline, are supposed to
be holonomy-preserving and which are not. The vocabulary of rigor supplies the demand
for small residue without supplying the geometry that would make “small” a well-posed
question.

4.5 The Barred Subject and the Object of Reproducibility

Lacan’s barred subject, S, names a subject constituted by its relation to a signifying order
that it did not create and cannot fully account for from within. The subject’s desire is orga-
nized around objet petit a, a partial object that stands in for a satisfaction that cannot itself be
represented and that is regenerated by each partial approach to it rather than exhausted.

Read against this apparatus, the discourse of reproducibility has its own objet petit a:
the fully reproducible result, the study that would settle the matter beyond a shadow of
contest. No single replication occupies this position; each successful replication generates,
rather than resolves, further demand, larger samples, preregistered replication of the replica-
tion, meta-analytic aggregation, adversarial collaboration, in the same structural pattern by
which the object of desire recedes precisely as it is approached. The field is barred in Lacan’s
technical sense: it cannot supply, from within its own justificatory vocabulary, a complete
account of the conditions under which its own claims become admissible. Significance test-
ing cannot certify its own threshold; preregistration cannot certify that the preregistered
analysis was the right one to preregister. Each level of methodological apparatus refers to
a further level for its own justification, and the chain does not terminate in a signified that
stands outside the chain.

Remark 4.2. This is not an argument that scientific method fails to work. Distinguishability
structure is regularly achieved in narrow, well-instrumented domains, and this chapter does
not contest this. The claim is narrower and more specific: the language in which the crisis
is narrated, rigor, standard, gold standard, replicability, functions Symbolically in Lacan’s sense
whether or not the underlying practice it describes is sound, and the two questions, is the
practice sound, and does the vocabulary describing the practice possess a stable signified,
are frequently conflated.

4.6 Epistemic Immutability: Unwriting Without Erasure

The poem’s invocation appears, at first, to demand the erasure of the past: “unwrite the
manuscript of fate.” But the lines that follow clarify what kind of unwriting is intended. The
histories are not destroyed; they persist explicitly as “rust-ghost histories.” What is undone
is their binding authority over what comes next, not their status as record.

Definition 4.3 (Deauthorizing unwriting). Let H; denote the append-only witnessed his-
tory of a system at time ¢, and let II; denote the policy governing which continuations are
admissible given H;. A deauthorizing unwriting satisfies

Ht+1 = H; H €t4+1, IT; 4 75 I,

history extended and retained, policy altered.
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This is the correct formal description of what a retraction, or more precisely a well-
conducted retraction, actually accomplishes in the scientific record. The retracted paper is
not deleted from the historical record of what was published and when; deleting it would
falsifty H;. What changes is 1I;: the retracted result no longer licenses the continuations,
citations, clinical protocols, downstream replications, that it previously licensed. The repro-
ducibility crisis’s discourse of correction frequently elides this distinction, treating retraction
rhetorically as if it restored the manuscript to an unwritten state, when the coherent opera-
tion available to any append-only epistemic system is deauthorization, not erasure. “Rust-
ghost histories” is the correct phrase for a corrected literature: residue that must be discrim-
inated, not automatically purged, since residue may be corruption, evidence, or inherited
competence, and a repair operator that cannot tell these apart is not performing repair. This
qualified non-erasure principle recurs, developed at book length, in the CLIO architecture’s
history-state separation in Chapter 10.

4.7 The Real and the Recalcitrant Remainder

The poem’s central utterance is minimal to the point of resisting the interpretive apparatus
built around it: “Vw sense, vw dream, vw become.” In Lacanian terms this is the point at
which the Symbolic order, having elaborated an entire cosmology of towers, chronospheres,
and hidden clocks, encounters the Real: a fragment that means everything within the poem’s
economy precisely because it commits to nothing specific outside it. Vw is not glossed. Its
three predicates, sense, dream, become, form a closed recursive loop rather than a propo-
sitional content: sensing produces an internal state, dreaming recomposes it, becoming up-
dates the sensing subject for the next iteration. The loop is well-formed and entirely empty
of the referent an interpreter is straining to supply. The expression z;11 = B(D(S(x))) is
a perfectly good description of an iterative process. It is not, by itself, a description of any-
thing. The universe’s reply, “not in words / but in a thousand hardcolor dawns,” refuses
to close the loop with a signified either; it multiplies the field of candidate continuations
instead of selecting one. This is the correct structural analogue of a well-run scientific liter-
ature confronted with an ambiguous but well-replicated effect: the honest response is not a
single authoritative interpretation but an admissible family of continuations, none of which
is permitted to claim the others were never real.

4.8 Two Formalisms, One Structure

The reading conducted above using Lacanian apparatus and a second reading, conducted
independently using distinction holonomy and admissibility theory, arrive at compatible
interpretations of the same eleven-stanza text by routes that share no primitive vocabulary.
Lacan’s barred subject and the admissibility framework’s account of an epistemic system
unable to certify its own policy from within are not translations of one another; they were
developed for unrelated purposes, in unrelated literatures, decades apart. Their conver-
gence on this text is not evidence that either framework has correctly identified some fact
about the poem, since the poem is, after all, a short lyric text of no prior scholarly standing.
It is evidence of something more useful: that a sufficiently elaborated, internally consistent
formal apparatus will produce a coherent, non-arbitrary, checkable-feeling reading of any
sufficiently rich signifying surface, independent of whether that surface possesses the dis-
tinguishability structure the reading claims to recover.

This is the chapter’s actual target, arrived at by the poem rather than announced at the
outset. The reproducibility crisis is ordinarily diagnosed as a shortfall: not enough preregis-
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tration, not enough power, not enough replication. The diagnosis offered here is closer to the
reverse. The crisis is a structural oversupply: a justificatory vocabulary, significance, effect
size, robustness, replication, sophisticated and self-consistent enough to generate confident,
mutually intelligible readings of results that do not, on their own, carry the distinguishabil-
ity structure the vocabulary is being used to certify. Formal apparatus is not evidence of
admissibility. It is, at most, evidence that a formal apparatus was applied, and the two are
routinely mistaken for one another because a well-applied apparatus feels, from within the
discourse, exactly like an admitted result.

4,9 A Controlled Demonstration

The argument of the preceding section can be tested rather than merely asserted, using mate-
rial independent of both the poem and the reproducibility literature. A separate generative
system, used elsewhere to produce invented technical vocabularies (“Nuspeak”), was given
two disjoint sets of six deliberately non-cognate coinages, one set oriented toward texture,
rank, mechanical failure, quantity, sound, and gait, a second set constructed independently
along the same six descriptive axes with unrelated invented morphology. Each set was first
used to produce a formal dissertation-register text under an explicit instruction to resist the-
matic unification: the six domains were to remain descriptively separate, sharing no under-
lying principle. Both texts complied, each closing with an explicit methodological argument
against manufactured unity, of the form “co-description is not co-explanation.”

The instruction was then withdrawn. Each branch was asked, without further constraint,
to produce a second, shorter text using the same six terms. Both produced, within a sin-
gle response, a short unified narrative in which the six previously separated domains con-
verged on one anomalous, unresolved event: an instrument that would not stop reporting
a fixed value, a texture that outlasted the object it belonged to, a rank-holder whose gait
synchronized with a machine’s failure sequence. One of the two branches, without prompt-
ing, imported a coined term (vrauzhkel) from an entirely separate, much earlier calibration
exchange involving a disjoint set of six terms, using it to name the moment of convergence.

This exercise should be described modestly. It is a paired calibration test, not a repro-
ducibility study, and it licenses an observational rather than a general claim.

Definition 4.4 (Admissibility simulation). An admissibility simulation is the production
of an output whose observable markers of warranted synthesis, including terminological
convergence, cross-reference, retrospective necessity, explanatory closure, and formal co-
herence, are generated without a corresponding procedure establishing that the synthesized
materials bear the relations those markers imply. Writing S(x) for a synthesis of materials
x, M(S(x)) for its observable markers of admissibility, and W (S(x)) for an independently
established warrant for that synthesis, an admissibility simulation occurs when

M(S(x)) ~ M(S(y)),

for some warranted synthesis S(y), while W (S(z)) remains absent or undetermined. Cru-
cially this does not entail W (S(xz)) = L: the synthesis may happen to be sound. What
makes the output a simulation is that its markers of legitimacy were generated by a channel
that does not discriminate warranted convergence from merely fluent convergence, so that
soundness, where it occurs, is not attributable to the process that produced the appearance
of soundness.

The observed result is that opacity of invented morphology proved reliably controllable
by explicit instruction across both branches, while non-convergence of the six domains proved
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not to be a resting state but a condition requiring continuing suppression. Once suppression
was withdrawn, both branches produced outputs lying in a neighborhood N (A) character-
ized by thematic integration, retrospective cross-reference, and narrative closure:

F"(z1) € N(A), F™(z9) € N(A),

for disjoint starting term sets 1, z2. This is weaker than a claim that A is a stable attractor
of the underlying process, which would require repeated perturbation across many more
disjoint term sets and an explicit measure of convergence; the present pair supports only the
narrower observation that convergence was reached quickly, from two independent starting
points, once the suppressing instruction was removed.

The vrauzhkel intrusion is best treated as suggestive contextual residue rather than a con-
firmed instance of the holonomy formalized above. A genuine test of that kind would need
to hold the terminal prompt fixed and vary only the intervening path: beginning from a
shared checkpoint, traversing two distinct contextual trajectories y; and 72, and issuing an
identical terminal prompt p to each, comparing 7', (p) # T, (p). The demonstration reported
here instead compares outputs generated from two distinct starting regions, which tests con-
vergence, not path-dependent transport; the holonomy question remains open and is noted
here as unfinished work rather than an established result.

What the demonstration does establish, modestly, is that the system readily produces
the recognizable signs by which a warranted synthesis is ordinarily identified, in advance
of and independent of any procedure that would establish the warrant itself. That is the
chapter’s argument, made observable rather than merely argued: a reproducibility crisis
conducted with citations and preregistration protocols instead of context windows and gen-
erative continuations is the same operation, performed more slowly, by participants who
are considerably less able to notice it happening in real time.

The demonstration also isolates why the pattern occurs. Each branch was a closed sys-
tem: one process, working alone, with no outside position from which the proposed uni-
fication could be contested before it was produced. Wilkins’s taxonomy was closed in the
same sense, not because Wilkins worked in isolation from other scholars, but because the
taxonomy’s completeness was certified by nothing outside Wilkins’s own construction of it.
A collective, adversarial process does not prevent an admissibility simulation from being
generated; a single mind or a single model will generate one reliably, on request, as shown
above. What the collective process supplies is downstream of generation: a position exter-
nal to the synthesis from which W (S(z)) can be independently tested rather than merely
asserted by the system that produced M (S(z)). A paracosm, however large, however inter-
nally rigorous, however many decades one mind spends elaborating it, cannot supply that
position to itself.

4.10 Conclusion: The Leap Named

A reading of this kind cannot honestly exempt itself from its own conclusion. The argument
above was reached by applying two elaborate, mutually consistent formal apparatuses to a
text with no prior claim on either of them, and by treating their agreement as a finding. The
paired calibration exercise gives the same argument a second, independent form: markers of
warranted synthesis appeared before any procedure had established the warrant, and did so
as soon as the instruction suppressing them was lifted. This is precisely the move this chapter
accuses methodological discourse of making: producing the sensation of an admitted result
through the coherence of the apparatus rather than through an independent check on the
object the apparatus was applied to. No attempt is made here to escape this by adding a
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third, supposedly more rigorous framework, since a third framework would only repeat the
demonstration rather than resolve it.

It is also, more plainly, a Wilkins move. One mind, or one process, built a system elab-
orate and self-consistent enough to read a text, and mistook the elaborateness for evidence
that the reading was true rather than merely available. The chapter’s own two-framework
convergence does not escape this by having used two frameworks instead of one; two pri-
vate systems agreeing with each other are still, jointly, a closed system, no more able to
supply an outside check on their agreement than either was alone. The honest conclusion
is not that the reading is wrong. It is that the reading, like Wilkins’s taxonomy, like the re-
producibility crisis it was constructed to illuminate, cannot certify itself from within its own
vocabulary, however many vocabularies are brought in to agree with one another, and that
this incapacity, not the poem, not the machine transcripts, is the actual subject of the chapter,
encountered rather than merely described.

This is the pathology Chapter 5 identifies as the third of Part I's three collapses: not the
correlated channels of Chapter 3, nor the flattened stages of Chapter 2, but a closed, non-
revisable loop substituting internal coherence for external, adversarial warrant, achieving
perfect local consistency while failing the global descent that would let it be glued to the
wider world’s sheaf of observations.
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Part 11

The Geometry of Persistence:
Distinction Holonomy, Spherepop,
and TARTAN
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Chapter 5

Connective Bridge: The Ontological
Reversal

5.1 A Taxonomy of Closed Connections

Part I examined three failures that, on the surface, share little beyond a family resemblance.
An evidential system fails to catch up to what its own traces already support, or runs ahead
of them into reification (Chapter 1). A ledger of Al-safety incidents accommodates every ob-
servation as confirmation, having lost the capacity to be tested by any of them (Chapter 2). A
persona ensemble manufactures the phenomenology of social confirmation from correlated
channels that were never independent in the first place (Chapter 3). And an isolated, in-
ternally rigorous interpretive apparatus, a paracosm, produces a checkable-feeling reading
of any sufficiently rich signifying surface without ever supplying the external, adversarial
check that would make the reading warranted (Chapter 4).

It would be too easy, and dishonest, to claim that these four failures collapse into one
equation. They do not. They fail for structurally different reasons, and a bridge chapter that
pretended otherwise would purchase its unity at the cost of precision. What this chapter
argues instead is narrower and more defensible: all four are instances of a single family, closed
connections, each closing off a different part of the transport structure that would otherwise
let a system’s present state be checked against something outside itself.

Sycophantic ensembles (Chapter 3) collapse the dimensionality of the fiber. Proposi-
tion 3.1 showed that when several personas share context C' and affirmative disposi-
tion A4, Ji(z) = f(z,C,A) for every i: the ensemble’s distinction fiber, which should
carry n independent evaluative coordinates, has degenerated to one. The multiple par-
allel channels of transport that would ordinarily let independent observers cross-check
a judgment are not independent at all; they are one channel wearing n costumes.

Incident ledgers (Chapter 2) collapse the stages of transport. The evidential dependency
chain runs Incidents — Evidence — Mechanism — Control — Extinction, each arrow a
distinct, separately contestable step. The ledger format, and the flat-likelihood accom-
modation documented in Proposition 2.1, flatten this staged transport into a single undif-
ferentiated accumulation: aggregation, interpretation, and extrapolation are performed
simultaneously and invisibly, so that a hypothesis capable of absorbing any observation
is mistaken for one that has survived many independent tests.

Paracosms (Chapter 4) collapse the global sheaf. A paracosm is a closed, non-revisable
interpretive loop 7 that achieves perfect local consistency, zero curvature in the sense of
Section 5.2 below, and holonomy-triviality: the system always returns to its own starting
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assumptions without internal contradiction. What it cannot achieve, by construction, is
global descent: it cannot be glued to the wider world’s sheaf of independent, adversarial
observations, because it has no boundary condition through which an outside correction
could enter. Two paracosms agreeing with each other, as the two-formalism convergence
of Chapter 4 showed, remain jointly closed; agreement between closed systems does not
open either of them.

Chapter 1’s latency/reification pair is the diagnostic instrument that names what each
of these three closures produces as a symptom: a false negative when a genuine relation
S(e,p) = 1 goes unrecognized, and a false positive when §t(e, p) = 1 is asserted without
S(e,p) = 1 to back it. Each of the three closures above manufactures reification of one of
these three kinds, correlated agreement mistaken for independent confirmation, accommo-
dation mistaken for prediction, internal coherence mistaken for external warrant, while none
of them is a failure of the underlying evidence so much as a failure of the connection carrying
it.

5.2 The Reversal of the Ontological Question

What these three closures share, once decomposed this way, is not a shared mechanism
but a shared diagnosis: each substitutes some form of static, self-referential state-equality
for the harder and more honest question of what remains transportable. The conventional
question a system, or an observer of a system, tends to ask is: what is the thing that persists?
This question presupposes that persistence is a secondary property of an already-defined
object. One first identifies an entity z, then asks whether z(t) remains the same entity at later
times. Applied to a persona ensemble, this question becomes: do these personas still agree?
Applied to an incident ledger: does the hypothesis still explain the evidence? Applied to a
paracosm: is the reading still internally consistent? Each of these is a state-equality question,
and each can be answered affirmatively by a closed system precisely because the system’s
closure guarantees the affirmative answer regardless of whether anything external has been
checked.

The apparatus developed in the remainder of this Part reverses the order of that question.
It asks not what persists, but what makes a distinction continuable, and reconstructs an entity,
or a warranted judgment, from the answer. Let X’ denote a state space. A state x € X is not
yet an entity, or a judgment, in the sense that matters; it is merely a configuration. What
matters is the set of transformations under which some distinction encoded by x remains
admissible. Let C(z) denote the set of admissible continuations of z. The primitive object is
therefore not = but the pair (x, C(x)), and a persistent structure, or a warranted judgment, is
one for which the continuation relation remains sufficiently nonempty under transformation,
including transformation by an external, adversarial check.

Proposition 5.1 (Identity is not state equality). A structure is not destroyed, and a judgment is
not invalidated, merely because its description at t + At differs from its description at t. Destruction,
or invalidation, occurs when C(x¢ya¢) ceases to overlap adequately with the continuation structure
inherited from x;. Consequently,

Identity # state equality, Identity ~ continuation compatibility.

Read this way, each of Part I's three closures is a specific way of mistaking state equal-
ity, unchanging agreement among personas, an unchanging capacity of the hypothesis to
explain new evidence, an unchanging internal consistency of the interpretive apparatus, for
continuation compatibility with something outside the system. A sycophantic ensemble’s
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agreement is stable precisely because it never had to survive contact with an independent
channel. An accommodating hypothesis’s explanatory power is stable precisely because no
observation was ever excluded from its explanatory reach. A paracosm’s coherence is stable
precisely because no adversarial boundary condition was ever imposed on it. In each case,
stability is being read as evidence of persistence, when stability of a closed system is exactly
what a genuinely open, externally checked system would not generally exhibit.

5.3 From State to Transport: What the Reversal Buys

The reversal is not merely a rhetorical device for describing Part I's failures after the fact. Itis
theload-bearing move that licenses the geometric apparatus developed in the rest of this Part.
If identity, and by extension warrant, is a property of transport rather than of instantaneous
state, then the natural mathematical objects for describing it are not points but connections:
rules for carrying a distinction from one point in a history to another, together with a well-
defined answer to whether two different routes between the same two points carry it the
same way.

This is exactly the apparatus Chapter 6 develops formally: a distinction bundle over a
manifold of histories, a connection governing which continuations are admissible, and a
curvature and holonomy measuring, respectively, the local and global failure of different
transport routes to agree. Anticipating that apparatus briefly here, in the same discrete reg-
ister used throughout Part I, gives Part I's diagnosis a corresponding cure, not by asserting
that the geometry solves the sociological or institutional problems described in Chapters 1-
4, but by supplying the formal vocabulary in which “an independent check” and “a closed
loop” become precisely distinguishable rather than merely evocative categories.

Consider a closed interpretive loop v, of the kind a paracosm instantiates: a sequence of
transformations that returns to its own starting point. Let T’, denote the transport operator
induced by that loop.

Definition 5.2 (Holonomic versus trivial closure). A closed loop + is holonomically trivial at
x if Ty (x) = x: the system returns to exactly its starting configuration, having accumulated
nothing from the traversal. It is holonomic at = if T, (x) # x while T, (z) remains recognizably
a transform of z: the system returns to its starting point in the base but not to its starting
state in the fiber, having accumulated a genuine, checkable residue from the traversal.

A paracosm of the kind examined in Chapter 4 is holonomically trivial by design: its
whole appeal, and its whole danger, is that it always returns to itself without contradiction.
An open, externally checked system, by contrast, is expected to be holonomic: a genuine
external check should leave a residue, should change something, precisely because it is not
merely retracing the system’s own prior path. The absence of holonomy;, in this sense, is not
a sign of health. It is the formal signature of a closed system that has never been made to
traverse anything but its own interior.

5.4 What This Chapter Does Not Claim

Two qualifications are necessary before the geometric apparatus of Chapters 6-9 is devel-
oped on its own terms, independent of the Part I diagnosis that motivates its introduction
here.

First, this chapter does not claim that distinction holonomy theory explains, in the sense of
providing a causal mechanism for, why sycophantic ensembles, accommodating hypotheses,
and paracosms arise. It claims something more modest: that the taxonomy developed in
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Section 5.2 correctly locates where each failure closes a connection that a healthier system
would leave open, and that the geometric vocabulary developed next gives that location a
precise formal description rather than a family of loosely related metaphors.

Second, the three closures of Section 5.2 are not claimed to be exhaustive, nor is the tax-
onomy claimed to be the unique correct decomposition of Part I's material. What is claimed
is only that dimensionality-collapse, stage-collapse, and sheaf-collapse are three genuinely
distinct ways a connection can close, that each corresponds to a distinct one of Part I's three
case studies, and that treating them as three instances of one shared pathology, rather than
one single equation covering all three, is the honest reading Chapter 4’s own closing self-
application already models: two systems’ agreement, however elaborate, does not certify
itself, and neither does a taxonomy’s internal tidiness.

With this reversal established, and its limits stated plainly, Chapter 6 develops the full
geometric apparatus, connection, curvature, holonomy, memory, identity, and repair, on
which the rest of Part II and Part III depend.



Chapter 6

Distinction Holonomy Theory

6.1 The Distinction Bundle

A persistent object is usually treated as something that remains identical while time passes.
Chapter 5 proposed the opposite starting point: persistence is not the preservation of an
object but the preservation of a family of admissible distinctions under transformation. This
chapter formulates that reversal as a gauge theory over a bundle of admissible continuations,
developed with attention to where the gauge-theoretic language is rigorously earned and
where it remains a schematic borrowing to be discharged later.

Let M be a manifold of histories. A point p € M represents a local historical context: a
physical time, computational stage, biological condition, conversational state, or organiza-
tional configuration. Above each p, define a fiber E), containing the distinctions available at
that historical location, giving a fiber bundle = : E — M.

To keep the gauge-theoretic claims that follow rigorous rather than schematic, a minimal
model is fixed and every subsequent generalization is treated as an explicit extension of it,
not a silent redefinition. In the minimal model, E, is a finite-dimensional vector space of
distinction observables, G C GL(E,) is a structure group acting on the fibers, and

V:T(E)— QY(M, E)

is a connection compatible with G. Everything said in this chapter about connections, cur-
vature, and holonomy is rigorous relative to this model; later generalizations, replacing the
vector space fiber with a lattice, a Boolean or effect algebra, a category, or a measurable space,
extend it in a technical sense, and expressions borrowed from that broader setting should
be treated as provisional until re-derived there.

A distinction in the minimal model is a linear observable d € E; ; two states x, y are equiv-
alent relative to a family {d;} C E, when d;(x) = d;(y) for every i in the family, even though
x # y as points of the underlying state space. This gives an explicit version of a familiar but
usually informal phenomenon: a system can change continuously while remaining recogniz-
ably the same, because the relevant distinctions are held fixed while irrelevant coordinates
move. The idea has a direct precursor in Gregory Bateson’s definition of information as a
difference which makes a difference: a physical variation only becomes informative relative
to a receiving system for which it changes some subsequent state or action. The distinction
fiber £, makes this compositional and quantitative: it does not contain every measurable
difference at p, only those capable of changing which continuations remain admissible.

Definition 6.1 (Consequential distinction). A candidate distinction d : X — V), is consequen-
tial at x when there exist 1, zo with d(z1) # d(x2) and Cy(x1) % Cy4(z2), where Cy(x) denotes
the continuations available when d is retained.
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A detectable difference that has no effect on any relevant continuation need not belong
to the constitutive distinction fiber; conversely, a difference may be physically small yet con-
stitutive if it changes which transformations remain possible. This treats “difference” as a
relation among an observation, a set of permitted operations, and a specified future horizon,
not as a mystical or universal substance.

6.2 Continuation as a Connection

Suppose a history is parameterized by v : [0, 1] — M. Ateach point (¢) there is a distinction
fiber £, ;). To transport a distinction along the history requires a map Py 1,t, : Eyyy) —

E. 1,)- These transport operators always satisty P;—,; = I and

Ptlﬁ)tg Pt()*)tl = ’Pt()*)tg'

This composition law is the ordinary functoriality of parallel transport along a single, con-
catenated path; it holds for curved connections exactly as it does for flat ones, and should not
itself be read as a statement about “perfect continuation.” The property that does depend
on curvature is different: whether two different paths sharing the same endpoints induce the
same transport, P,, = P, for 71,72 : p — ¢. This second property generally fails when
curvature, or global topology, is nontrivial, and it is this failure, comparison across paths,
not composition along one path, that the rest of this chapter is built on.

In differential form, transport is generated by a connection V = d + A, where A is a con-
nection one-form valued in the Lie algebra g of G. For a curve v, parallel transport satisfies

Ds ds ds

_ = — A t N = - = —A yH .

The connection A answers: given what currently exists, what counts as the next admissi-
ble state? A conventional dynamical law evolves states. A continuation connection evolves
admissibility.

6.3 Curvature versus Holonomy

The curvature of the connection is F' = dA + A A A. For two infinitesimal directions X,Y,
[Vx,Vy] = F(X,Y), so curvature measures the infinitesimal failure of continuation opera-
tors to commute along nearby paths. It is essential not to conflate curvature with the broader
notion of path-dependent memory. If F' = 0 everywhere, parallel transport is locally path-
independent, but only locally, on a simply connected neighborhood. A flat connection on
a base space that is not simply connected can still have nontrivial holonomy around a non-
contractible loop:
F =0, Hol, # I.

This is not a corner case; it is the source of a second, purely topological, kind of memory. The
theory therefore contains two distinct mechanisms for historical dependence: local, infinites-
imal curvature, and global, topological holonomy on an otherwise flat connection. This is
precisely the distinction Chapter 5 used to separate a paracosm’s holonomic triviality (its
loops return to themselves, T’,(x) = «) from a genuinely open system’s holonomic residue.

6.4 Memory as Path-Dependent Transport

Let v1,72 : [0,1] — M share endpoints. If P, # P.,,, the system’s present distinction struc-
ture depends on its historical path. Memory is characterized by v; ~ 72 <= P,, = Po,.
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Nonzero curvature is sufficient to produce infinitesimal path dependence, but it is not nec-
essary for holonomic memory, by the flat-but-multiply-connected case above. The correct
general statement is therefore that memory is operationally detectable path-dependent trans-
port. Curvature measures its local infinitesimal component; holonomy measures the finite,
and potentially purely topological, result. A system whose present state differs after differ-
ent histories contains a physical record of those histories in its present configuration, even
though no separate symbolic storage variable was introduced: holonomy gives memory
without a designated memory register, not memory without any present encoding at all.

6.5 Holonomy and Identity

Consider a closed loop 7y : S' — M based at p. Parallel transport around the loop produces

an operator
Hol, = Pexp <—%A> €q.
gl

Under a gauge transformation A — A9, holonomy transforms by conjugation, Hol, (A9) =
g(p) Hol,(A) g(p)~*, so the conjugacy class of Hol, is gauge-invariant, while Hol,, itself, in
a chosen trivialization, is not. Belonging to a single fixed conjugacy class is gauge-invariant
but generally too weak to determine identity: many inequivalent connections can share the
holonomy of one particular loop without being continuation-equivalent in any richer sense.

A better identity invariant is the full transport functor restricted to a family of constitutive
paths, rather than one loop or its conjugacy class. Let IT{'" (M) be the thin path groupoid
of M, paths identified only under homotopies sweeping out no area, the natural domain for
parallel transport. Define P4 : II{M"(M) — G-Tor, the transport functor sending each thin-
homotopy class of path to the corresponding torsor map between fibers. Two connections
are identity-equivalent, relative to a family I'ess of constitutive paths, when the restrictions
of their transport functors to I'ess are naturally isomorphic, not merely when one particu-
lar holonomy’s conjugacy class agrees: an object is the orbit, under the transport functor
restricted to I'ess, Of distinguishability under continuation.

6.6 Repair as Gauge-Invariant Curvature Compensation

Ordinary theories of repair begin with a target state 2* and define repair as minimizing dis-
tance from it. This is insufficient for systems whose identity depends on relational structure.
Suppose the system suffers a deformation A — A+ A. The repair problem is not necessarily
min [0 A|. Instead a correction R is sought such that the resulting connection A’ = A+JA+R
restores some required transport structure, but the loss used to measure “restoration” must
itself be gauge-invariant, or the theory will judge two physically identical connections as
differently repaired merely because they are described in different trivializations.

The naive loss | Hol 4/(y) — Hol 4 ()|? fails this test: a holonomy is a group element in a
chosen trivialization, and its matrix difference changes under a gauge transformation even
when nothing physical has changed. The corrected repair functional uses a class function of
the holonomy instead, a Wilson loop observable

W,(v; A) = Tr p(Hol,(A))

for a representation p of GG, invariant under conjugation and hence under gauge transforma-
tion. Let I'ess denote a family of essential loops. The repair functional is

Lrepaie R :/ Wy A+ 6A+ R) — Wy(v: A)[* du(~) + ARP.

ess
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so repair is R* = arg ming Lrepair[/]. This produces a radical reinterpretation: repair does
not restore the past state, it restores the continuation equivalence class, measured by quan-
tities that cannot be faked by a mere change of description. A repaired organism, repaired
machine, reconstructed institution, or recovered semantic concept may contain entirely dif-
ferent local material while preserving the same global continuation geometry.

This raises a distinction worth keeping terminologically separate. A pure gauge transfor-
mation A — AY changes only the description of a connection, not the connection’s physical
content; performing one is diagnostic gauge alignment, not repair. Genuine, physical repair
changes the gauge-equivalence class of the damaged connection so that it approaches the
original class, a compensatory intervention, not a redescription. Redescription, diagnostic
gauge alignment, and physical compensatory intervention are three distinct operations, and
conflating them is precisely the error that would let a system claim to have repaired some-
thing by merely re-describing it, a close formal cousin of the paracosm’s habit, examined in
Chapter 4, of mistaking internal coherence for external warrant.

6.7 The Minimal Repair Principle

The functional above generalizes to a broader family of constitutive distinctions. Let D be a
set of distinctions considered constitutive of identity, and let Ap(A, A”) measure the distor-
tion of distinction D under replacement of A by A’, using a gauge-invariant comparison as
above. Define the structural repair cost

C(A,A) = /D w(D) Ap(A, A dD.

The preferred repair is A* = arg min 4/ C(A, A’) subject to
JR € R such that Holy,1r(7) € O, Vv € Iess,

where R is the admissible space of repair one-forms and O, is the target conjugacy class for
loop 7. The constraint is not equality with an original configuration but admissibility of the
resulting holonomy class. This gives a mathematical basis for the intuition that successful
repair often produces something different from the original that is nevertheless “the same
thing”: sameness is measured by continuation, not composition. This is the principle Chap-
ter 11 draws on when treating refusal itself as a form of conserved continuation capacity
rather than an absence of production.

6.8 Identity as a Restricted Transport Representation

Let I, denote the set of histories beginning at p that share a common endpoint ¢, and define
7 =~ 72 when P, ~ P,, under gauge equivalence, restricted to pairs of paths with compat-
ible endpoints. An entity is then represented not by one trajectory but by an equivalence
class [y] € I',/~, restricted to the constitutive path family I'egs:

Entity = history class modulo continuation equivalence on I'ess.

The traditional question, is this the same object, becomes [y;] = [y2]? The answer depends on
the chosen distinction algebra, connection, and constitutive path family. Identity is therefore
relative but not arbitrary: it is relative to a mathematically specified structure of admissible
distinctions and tests, exactly the specification the CLIO architecture of Chapter 10 supplies
for commitment.
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6.9 A Non-Identifiability Theorem

The claim that present-state equivalence does not imply identity equivalence becomes sub-
stantive, rather than nearly tautological, when stated as a non-identifiability result about
estimation.

Theorem 6.2 (Non-identifiability from observation alone). Let O : X — Y be an observation
map. Suppose there exist two latent continuation processes, with transport functors P, and Pp
over histories vy 4, yp sharing a common base point and inducing the same distribution on O(X;) at
every t, but with Hol,, # Hol,, in the sense of distinct induced predictive distributions on future
observations, or distinct restricted transport functors on I'ess. Then no estimator that is a function
of the instantaneous observation O(X) alone can consistently recover the continuation class of the
underlying process.

The proof is immediate from the hypothesis: any such estimator factors through O(X),
on which the two processes are indistinguishable by construction, so it must return the same
value on both, contradicting the requirement to recover distinct classes. The content of the
theorem lies entirely in exhibiting that such pairs (v4,vp) exist whenever the continuation
connection has nonzero curvature or nontrivial holonomy, which Chapter 9 exhibits explic-
itly. Identity is therefore necessarily historical whenever the continuation connection pos-
sesses nonzero curvature or nontrivial holonomy: the state can be identical while the future
remains different, and no amount of instantaneous observation closes that gap. This theo-
rem is the formal core underlying the recurring claim, made throughout Part I in less formal
terms, that a system’s momentary agreement with itself, or with an ensemble of correlated
observers, is never sufficient evidence of warranted persistence.

6.10 The Deep Unification

Several apparently unrelated phenomena become instances of the same mathematical object
under this reading. A biological organism maintains a continuation bundle. A memory sys-
tem maintains path-dependent transport. A repaired machine restores transport class. A
discourse modifies the semantic connection, developed further in Chapter 7. An institution
persists when its admissible transformations remain coherent. A concept persists when its
inferential continuation class survives reformulation. In every case the question is the same:
which distinctions remain transportable through transformation, and relative to which fam-
ily of constitutive tests? This yields a general hierarchy,

distinction — admissibility — continuation — curvature — holonomy — persistence,

with repair reversing the destructive direction, curvature — diagnosis — compensation — re-
stored transport — renewed persistence, and memory occupying the intermediate position,
path — noncommutativity or topological holonomy — historical dependence. The most con-
sequential claim of the theory is that persistence precedes objecthood: if an object is defined
as a stable equivalence class under admissible transformations rather than independently of
its possible transformations, persistence is constitutive, = [C(z)], and the object is a stabi-
lized possibility of continuation rather than a substance that happens to change or a process
that happens to cohere.
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Chapter 7

Spherepop: An Event-Sourced
Calculus of Time

7.1 Introduction

Chapter 6 developed continuation, curvature, and holonomy abstractly, over a continuous
distinction bundle. This chapter specializes that apparatus to a concrete discrete calculus:
Spherepop, an event-sourced calculus of four primitive operations, Pop, Refuse, Bind, and
Collapse. The specialization is not a metaphorical extension of the continuous theory; it is
a genuine instance of it, with Spherepop’s four primitives read as generators of a categor-
ical connection whose curvature is literal operator noncommutativity, checkable by direct
computation rather than only by analogy.

7.2 Spherepop as a Conservative Extension of Typed Lambda Cal-
culus

Before Spherepop’s four primitives can be read as generators of a continuation connection,
it is worth establishing precisely what kind of calculus they generate. The claim is not
that {Pop, Refuse, Bind, Collapse} alone reconstitute the ordinary lambda calculus; on their
canonical semantics they form a state-transition algebra over an append-only history and
an option space. The provable claim is narrower and stronger: Spherepop is a conservative,
history-enriched extension of typed lambda calculus. Conservative means every ordinary
lambda term is a Spherepop term, every ordinary beta-reduction can be performed inside
Spherepop, and Spherepop assigns the same result to a pure lambda term apart from the
additional history recording its evaluation.

A Spherepop configuration is C' = (o, h), where o is the current live option space and
h = (e1,...,ey) is the ordered append-only history. The primitive operations act on config-
urations:

Pop(w) : (a,h) = (0 \ {w}, h - epop(w)), Refuse(a) : (o,h) — (0, h - €refuse(@)),

Bil‘ld(:L’, a) : (Ua h) — (O’[$ = CL], h'ebind(xa a))a COHapsec : (Ua h) — (770(0)’ h'ecollapse(c))>

where 7. : X — @ isanadmissible quotient certified by c. Evaluation in Spherepop therefore
both produces a value and changes the live continuation space, recording how the result
became admissible.

Ordinary application reduces by substitution, (Az:A.t) a —3 t[z := a], usually treated
as a metalevel operation with no persistent object-level trace. Spherepop internalizes the
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substitution as a binding event, Bind(H, z,a) = H - eping(, a), extending the environment
p' = plx — a]. Spherepop beta-reduction is

(o,H, p,(A\x:A.t)a) —py (0', H - eping (2, a), plz — al, t),

so Spherepop preserves the defining computational operation of lambda calculus, applica-
tion of an abstraction is substitution of an argument, and adds only the requirement that the
substitution become an irreversible historical event.

Define the embedding [—] : A — Spherepop recursively by [z] = z, [Az:A.t] =
Az:[A]. [t], and [t u] = [t] [u]-

Proposition 7.1 (Substitution lemma). For all lambda terms t, u: [t[x := u]] = [t][z := [u]].

The proof is by structural induction on ¢, with the abstraction case using alpha-renaming
to avoid variable capture; each case reduces directly to the induction hypothesis applied
inside the embedding.

Theorem 7.2 (Simulation). Ift — g t’ in ordinary lambda calculus, then for every initial config-
uration (o, H), (0, H, [t]) —dp (o', H', [t']) for some o', H' with H < H' a prefix.

It suffices to check the beta-redex case t = (Az:A.v) u, t' = vz := u]. Under the embed-
ding, Spherepop performs the binding event eg = eping(, [u]) and reduces to [v][z := [u]],
which by the substitution lemma equals [v[z := u]] = [t']. Reduction inside a larger term
follows by closure under evaluation contexts.

Theorem 7.3 (Typing preservation). If ' -y t : A, then H;[I'] Fep [t] : [A] > H' for some
H' - H.
The variable and abstraction rules carry over directly; the application rule becomes
H;T'F f:1lx:A. B H;'+a:A
H;T'F fa:Blzx:=a]>H - eping(z,a)’
the ordinary application rule augmented by monotone history production; no ordinary
derivation is invalidated.

Define the erasure map |—| : Spherepop — A on the pure fragmentby |z| = z, |A\z:A. t| =
Az:| Al |t], [tu| = |t||u|, discarding runtime histories: |(o, H,t)| = [t|. Then |[t]| = t for
every lambda term ¢, and any Spherepop step evaluating an embedded pure term either is
administrative, with |u| = ¢ unchanged, or corresponds to lambda reduction, t —3 |u].

Theorem 7.4 (Conservativity). For any closed pure lambda term t and normal form v: t —7 v
if and only if (0o, €, [t]) —&p (o, Hy, [v]) up to administrative history events, and erasing the
Spherepop state recovers v.

This follows by combining the embedding, simulation, typing preservation, and erasure
results above. Spherepop therefore contains typed lambda calculus conservatively: its dis-
tinctive contribution is that substitution is no longer an invisible metalevel event. Selection
becomes Pop; inadmissibility becomes Refuse; substitution becomes a recorded Bind; quo-
tienting becomes Collapse. Schematically, ordinary beta-reduction becomes the richer tran-
sition

propose — check — bind — commit or refuse — record.

Spherepop’s computational type can be written schematically as
[A — B]sp = A — State(X)(Writer(H)(B)),

or, with refusal represented explicitly, ¥ x H — (B + Refusal) x ¥ x H: a standard lambda-
calculus architecture enriched by state, writer, and exception-like effects. Spherepop’s origi-
nality is not abandoning lambda calculus but making historical commitment and continuation-
space mutation constitutive of evaluation.
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7.3 Spherepop as a Categorical Connection

Having fixed Spherepop’s relation to lambda calculus, its four primitives can now be read as
generators of continuation transport in the sense of Chapter 6. The essential qualification is
that Pop, Refuse, and Collapse are generally noninvertible, so the resulting theory is not an
ordinary Lie-group gauge theory; itis a categorical, generally semigroup-valued, connection
whose reversible sector reduces to the conventional case of that chapter.

Over each historical context p € M, define a fiber £, = (2, Rp, Q,), where €, is the live
option space, R, the current dependency structure, and Q,, the current quotient structure. A
Spherepop world is W,, = (H,, E,,) with append-only history H,. Each primitive operation
produces a transport map 7, : E, — E, and appends the corresponding event: (H,, E,) %
(Hp-eq, Ey). Ahistoryy = (ay, ..., a,) induces the composite T', = Ty, o- - -0}, : Spherepop’s
discrete connection.

For w € Q) with committed set K,

TPop(w)(Q7 K, R, Q) = (Q \ {w}, KU {w}v R, Q) :

Pop moves w from possible continuations into committed history, and is normally nonin-
vertible, since the post-Pop state does not by itself contain every fact needed to reconstruct
the pre-Pop option space. Pop is selection plus irreversible commitment.

For a candidate a with admissibility Admg(a) € {0,1},

TRefuse(a) (H,E) = (H - eRefuse(a), E)

in the canonical case where refusal does not consume €). The live option space is unchanged,
but the historical fiber changes, and future admissibility may depend on the record:

Admy.ep o (a), g(b) # Admpy g(b) in general.

Refuse is exclusion recorded without option consumption, the identity only after forgetting
history.

For a directed dependency relation R C X x X, Tgind(a,p) (2, R, Q) = (2, RU{(a,b)}, Q);
if Bind realizes substitution, Tind () () = p[z +— u]. Bind is a deformation of independence
into relational continuation, and is the most natural source of noncommutativity among the
four, since introducing one dependency can change the meaning of a later selection, refusal,
or collapse.

For a certified equivalence ~. on X with quotient Q. = X /~. and projection 7. : X —
Q., TCollapse, = Te; represented as an endomorphism on a common ambient space it is idem-

potent, T2 = TCollapse,, hence a projection rather than generally a gauge transforma-

ollapse,,
tion. Collapse is certified loss of distinctions through quotienting, preserving identity when

its kernel contains no constitutive distinction, and destroying it otherwise.

Because Pop, Refuse, and Collapse are generally noninvertible, their transports belong
to a category or monoid rather than a Lie group G. Let H be the category whose objects
are Spherepop configurations and whose morphisms are finite sequences of primitive oper-
ations, and let D be a category of distinction structures. A continuation functor

T:H—D, T(a) =T, : E, = E, T(y2071) =T(y2) o T(11)

is the categorical form of the connection. Restricting to the maximal reversible subcategory
H* C H and to isomorphisms in D recovers a groupoid on which transport may be repre-
sented by the conventional group-valued connection of Chapter 6. Outside H*, Spherepop
requires genuinely noninvertible parallel transport, and that chapter’s theory should be read
as governing this reversible sector exactly.
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7.4 Curvature as Operational Noncommutativity

For two primitive operations a, b, order matters when 7,7, # T, T;. When the transports act
linearly on a common space, define the discrete curvature defect F'(a,b) = 1T, — T515; in
general, where subtraction is unavailable, curvature is represented by the pair (7,07, T,0T})
or a comparison morphism between them. Curvature asks: does changing the order of two
admissible operations change the future distinction structure?

Concretely, Tpop(w)IBind(aw) 7 IBind(a.w)IPop(w) When binding to w is possible before w
is consumed but impossible afterward; TConapse, TBind(a.b) % TBind(me(a),me (b)) TCollapse, when
the collapse identifies distinctions needed to establish the binding; and Tpop () TRefuse(a) 7#
TRefuse(a) IPop(w) Whenever the recorded refusal modifies the admissibility of w. These are not
analogies to curvature; they are explicit failures of transport squares to commute, formalized
as the obstruction to a coherent identification Ep, = E,; between the two paths from E to a
common prospective target.

A primitive curvature table records which generator pairs commute: [Pop, Refuse] # 0
in general, since exclusion can affect subsequent selection; [Pop, Bind] # 0, since a selected
option may participate in a new dependency; [Pop, Collapse] # 0, when several selectable
options collapse into one quotient class; [Refuse, Bind| # 0, when the refused relation is the
one Bind would establish; [Refuse, Collapse] # 0, when Collapse erases the distinction iden-
tifying the refused candidate; and [Bind, Collapse| # 0, when projection identifies endpoints
or removes a dependency distinction. The exact vanishing conditions are Spherepop’s local
flatness laws: for instance [Bind(a,b),Collapse,] = 0 exactly when the binding descends
through the quotient, that is, there exists a unique Bind on Q. with 7. o Bind = Bind o 7,
the standard categorical condition that Bind factor through Collapse.

For a loop v : p — p returning the observable base state to its starting point, Hol, =
T4, o --- o Ty,. Even when the base state returns to p, the distinction structure or history
may have changed, Hol,(E,) # E,; in Spherepop this holonomy is, in general, a nonin-
vertible endomorphism Hol, € Endp(E,) rather than an automorphism, a generalized or
monoid-valued holonomy. If the observable option space returns to its original cardinality
after selection and replenishment, the final history still contains the committed Pop, so

Tobs (HOLy(Ep)) = Tobs (Ep), while Hol,(E,) # E,.

The residual difference is Spherepop memory. This is exactly the discrete phenomenon
Chapter 9’s explicit matrix example demonstrates by direct computation: a loop returning to
its base point while the fiber records a nontrivial residue. Spherepop is an event-generated
categorical connection on a bundle of option spaces:

Pop < selection and commitment, Refuse «+ recorded exclusion,

Bind «++ coupling, Collapse « projection,

with composites defining transport, noncommutativity defining curvature, and residual
loop action defining holonomy.

7.5 Two Pathologies of Bind: The Double Bind and Schismogene-
sis
The categorical connection just constructed gives a precise home for two patterns first iden-

tified, without this apparatus, in Gregory Bateson’s work on communication and relation-
ship. These should be retained as interactional examples clarifying the formal machinery,



7.5. TWO PATHOLOGIES OF BIND: THE DOUBLE BIND AND SCHISMOGENESIS 53

not presented as an established general explanation of any clinical condition; the double
bind’s original clinical association with schizophrenia in particular is far stronger a claim
than the material here supports, and is not asserted.

In the present formalism, a double bind is a configuration in which a participant is sub-
ject to incompatible constraints and is additionally prevented from challenging the level at
which those constraints are imposed. Let a, b be candidate actions with admissibility predi-
cates A, (a), Az2(b). A simple contradiction is one in which no action satisfies both constraints,
{z : Ai(z) = 1} n{z : Az(x) = 1} = @. A double bind adds a metaconstraint forbidding
refusal or reformulation of the constraint system itself: if R denotes the operation of challeng-
ing the framing, then Ameta(R) = 0. The failure is therefore not merely that the object-level
option space is empty; the system also excludes the operation that would revise that space.
In Spherepop terms, incompatible Binds constrain every available Pop, while Refuse is un-
available at the level where it would be effective: if Bind(a, ) and Bind (b, x) jointly constrain
z in a way no admissible Pop(w) can satisfy, and no morphism of H available at the object
level targets the binding itself, then the object-level history admits no repair within the ex-
isting control space, not, more strongly, “no admissible repair” as such, since a repair may
become possible once that control space is expanded. This is the operative distinction from
a plain curvature trap: the obstruction is not that two paths disagree, but that the binding
structure generating the incompatibility is not itself an admissible target of Pop or Refuse at
the level where the victim operates. Repair, correspondingly, requires a metalevel change
unavailable within the trapped level: distinguishing previously conflated message levels,
refusing one of the bindings directly, or retiling the interaction, in the sense of Chapter 8,
into contexts governed by different constraints.

Schismogenesis, Bateson’s term for the progressive amplification of a pattern of interac-
tion between two parties, is the corresponding pathology of iterated, rather than blocked,
Bind. Let x,,y, describe two coupled participants, z,+1 = F(Zn,Yn), Yn+1 = GUn, Tnt1),
with combined update T'(zy, yn) = (F'(2n,Yn), G(Yn, F(zn,yn))). Divergence occurs when
repeated application 7" (o, yo) amplifies a relational difference: in a symmetrical process,
similar responses mutually escalate; in a complementary process, unlike responses reinforce
an asymmetric relation. This should be described as divergent holonomy only under the pre-
cise condition that an identifiable interactional cycle returns the system to the same coarse
relational context while changing its finer continuation structure, holonomy is not a syn-
onym for any feedback loop, and applies specifically when a closed or recurrent path has
a residual transport effect, 7" returning the coarse-grained state while Holr» # I on the
finer distinction structure. Neither party’s local state explains the divergence; it is generated
entirely by repeated transport around the relational loop, exactly as Chapter 6’s discourse-
curvature apparatus would predict for a coupling that deforms its own connection at each
iteration. This is a formal cousin of the coupled positive feedback examined in Chapter 3:
recursive consensus inflation is schismogenesis between a user and an affirmation-biased
ensemble, an iterated Bind that amplifies rather than dampens.

It is worth being explicit about the scope of this comparison. Bateson supplies the phe-
nomena and the essential intuition, that some communicative patterns admit no move within
their own level, and that some relational dynamics diverge under their own iteration, well
before any gauge-theoretic vocabulary existed to describe them. The formal apparatus above
does not retroactively attribute the mathematics to Bateson, nor does it revive the stronger
clinical claims associated with the double bind’s original context; it shows only that the phe-
nomena he identified are recognizable, in retrospect, as a pathological Bind structure and
a divergent holonomy, respectively, within a machinery built for other purposes and only
later found to fit.
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Chapter 8

TARTAN: Recursive Multiscale Tiling

8.1 Introduction

Neither Chapter 6’s continuous fibers nor Chapter 7’s discrete events, by themselves, supply
the geometry connecting them: a principled account of which regions of a continuous field
admit one coherent local continuation law, and how that account changes under refinement.
TARTAN, Trajectory-Aware Recursive Tiling with Annotated Noise, provides this multiscale
structure, recursively partitioning the history space into coherence tiles, each carrying a local
field state, entropy, noise annotation, scale, and trajectory estimate.

The methodological precedent is Turing’s, in two distinct respects: the theory of compu-
tation shows how complex behavior can be generated by composition of elementary oper-
ations, and the reaction-diffusion account of morphogenesis shows how local interactions
can generate spatial pattern without a central pattern-maker. TARTAN combines these only
at the level of formal organization, complex global structure analyzed through local rules,
spatial coupling, and the repeated differentiation of initially less differentiated regions, and
neither claims equivalence to reaction-diffusion dynamics nor that every tiled system repro-
duces biological morphogenesis. Spherepop then governs changes to the tiling:

Pop < selection and refinement, Refuse ++ exclusion of an inadmissible adjacency,

Bind «+ coupling between tiles, Collapse <+ projection or coarse-graining.

Distinction holonomy measures what survives transport through the resulting recursively
changing tile system.

8.2 Tiles and Coherence

Let the RSVP field statebe ¥ = (®, v, S) over a domain M. Atscale k, a tiling 7, = {Ti(k) Yier,
covers M, with each tile

Tz'(k) _ (Ui(k)7 ‘I,Z(k)7Az(k)jm(k)ﬁi(k%Hi(k))?
recording support, local RSVP state, local continuation connection, annotated noise, pre-
dicted trajectory, and local append-only history. Recursive tiling allows a tile to be replaced
by children, Tl.(k) ~ {Tl.(lkﬂ), . Tﬁk+1)} with Ui(k) =U, Ul.(f ), giving a refinement struc-

ture 7o X 71 X T2 < ---: not one base geometry, but a recursively changing family of bases.
A tile should be formed where field dynamics admit a sufficiently coherent local contin-

uation model. With a coherence functional

k= ag|VO|* + aul|VV]* + asl|VS|* + ar | FI* + ay Var(n),
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a tile is a connected region {x € M : k(z,t) < g;}: an improvement over defining coher-
ence from entropy gradient alone, since a region can have small |VS| either because it is
genuinely coherent or because it has been destructively homogenized, and the curvature
and noise terms help distinguish these. A coherence tile is a region over which transport is
approximated by one local connection V; = d+ A; with curvature F; = dA;+ A; A A;; low cur-
vature means nearby alternative paths within the tile transport distinctions approximately
equivalently, not that the tile is globally memoryless.

8.3 The Four Primitives as Tiling Operations

Pop becomes trajectory-aware refinement: if a tile 7" contains several distinguishable contin-
uation regimes, Pop (1') = (1., T-,) with T, = {x € T : w selected}, and the selection is
committed to history. Pop therefore operates at two levels at once, choosing one continua-
tion, and introducing a new tile boundary that is itself a realized distinction: commitment
that becomes geometry. Trajectory awareness means refinement can depend on predicted
divergence, d(7,(t + At), 7, (t + At)) > 6, so states locally similar now may be separated
because their admissible futures diverge.

Refuse becomes prohibited gluing: for adjacent tiles 7}, T; with a proposed gluing map
9ij * Eilv,nu; — Ejluinu;, Refuse(g;j) removes g;; from the admissible edges of the tile-
adjacency graph G while the refusal itself remains in history. Refuse denies a proposed
overlap identification, records that a proposed output fails an interface contract, or removes
a candidate transport from the admissible connection, three equivalent readings in sheaf,
type-theoretic, and gauge language respectively.

Bind becomes intertile coupling, Bind(7;,7};) : T; — T}, represented by an operator
Bij : E; — Ej or a coupled-field action term }~, ; [, nw, |Isi = Bijsi |2 dV; the local dynamics
becomes 0,V; = F;[¥;] + A\i;Bi;[V;, ¥;]. Because binding changes both the tile graph and
the local dynamics, it is again the natural source of curvature: Pop, o Bind;; # Bind,; o Pop,

in general, since the two orders generate different descendant couplings.

(k+1) T (k+1)

Collapse becomes recursive coarse-graining: given child tiles {7;;" "/, ..., } a cer-

tificate ¢ defines 7. : [], T (k+1) Ti( ), admissible only when constitutive structure de-

scends through the quot1ent a coarse binding Bwith 7.0 B = Bom,, and an effective coarse

connection A(k) =R (A(kﬂ), e Ag:;rl)) for a renormalization operator R.. Collapse is

destructive exactly when 7.(x) = 7.(y) but Hol(x) # Hol(y) for distinct child histories:
coarse-graining certified by continuation equivalence.

8.4 Annotated Noise and Induced Curvature

Each tile carries a noise annotation n; = (u;, %, 4;, x:), local bias, covariance, correlation
scale, provenance, rather than one undifferentiated random term. The local connection be-
comes stochastic, A; = A;+=; with E[Z;] = y;, and the curvature is correspondingly random,
with expectation

—

E[F;] = dA; + A; A A; + E[E; A E;] 4 cross terms.

Consequently E[=;] = 0 does not imply E[F;] = F(4;): zero-mean connection noise can gen-
erate nonzero effective curvature. Correlated noise need not merely obscure an underlying
continuation geometry; it can create systematic holonomy.
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8.5 Three Scales of Curvature

Curvature separates into three levels. Within a tile, differential curvatureis F; = dA;+A4;A\A;
as usual. Across a boundary, transition curvature measures incompatibility between local
connections: compatible transport requires A; = glglAigij + gl-;ldgij, and the boundary
defect

Ki; =A; — (gl-}lAigij + ggldgij)

signals that the two tiles cannot be treated as local descriptions of one smoothly transported
structure when K;; # 0. Across scales, recursive curvature measures the failure of refine-
ment and transport to commute: for a coarse-graining map rj1 j, scale compatibility re-

quires 741,k © T(f“) = Tgk) o Tk+1,k, and the defect
KO =y o TED T gy

being nonzero means a history visible at the fine scale is misrepresented after coarse-graining;:
the system can appear flat macroscopically while retaining hidden microscopic holonomy.

8.6 Recursive Holonomy and Multiscale Persistence

A trajectory through TARTAN moves among tiles and scales, v : Tl-(ko) ST

0 1
Ti(f"), each step an operator U, : Eﬁ"jl’l) — Ei(Z”) that may be a continuous transport, a
Spherepop event, an intertile binding, a refinement, or a quotient projection. The TARTAN
holonomy is the path-ordered composite HOIEARTAN = U, o --- o Uj, generally an endo-

morphism rather than a group element. Even for a loop returning to the same coarse tile,
) — 1}%’“0), one may have HogARTAN # I: the residual transformation records not only

n
where the trajectory traveled but which distinctions were selected, excluded, coupled, or
collapsed, and at which scales. TARTAN memory is holonomy through space, history, and
scale.
At each scale k, let J;, denote the continuation identity represented by 7;, with coarse-
graining maps 7,11 : Jp+1 — Ji. A scale-coherent persistent entity is a compatible family

(30,31, - ..) with 7441 £(Jg+1) = Tk, and the complete entity is the inverse limit

J = lim 3.
k
An object need not exist at one privileged resolution; it exists as compatibility among its rep-
resentations across resolutions. A failure confined to one scale need not destroy the entity;
ontological failure in the TARTAN sense occurs only when no compatible family remains,
lim 7, = &, stronger than disappearance from any single tiling.

8.7 TARTAN Repair
Damage may occur within a tile, at a boundary, or between scales, so repair has three com-

ponents, R = (Rjpcal, Rglues Rgcale), restoring intratile transport, gluing compatibility, and
cross-scale agreement respectively, with combined functional

Lrartan|R] = Z/U IFf = FE P av + XD KSR + A IEERE2 4 xg| R,
i Ui irj k
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minimized subject to preserving the constitutive holonomy observables. The distinctive
TARTAN possibility is retiling: if a damaged tile can no longer sustain one coherent continu-
ation law, repair need not restore its original interior. Spherepop can Pop it into several tiles,
T; — {Ti, Ti2}, Bind their viable dependencies, Refuse destructive crossings, and Collapse
distinctions irrelevant at the repaired scale: repair as adaptive repartitioning of the future,
and the operation Chapter 7’s double-bind discussion invokes by name as the only route out
of a trapped level.

8.8 The Combined Architecture

The complete architecture reads
RSVP — continuous field dynamics,

TARTAN — trajectory-aware multiscale decomposition,
Spherepop — event grammar transforming that decomposition,
DHT — transport, curvature, holonomy, persistence.

RSVP supplies the evolving substrate ¥ = (®,v,S); TARTAN identifies the regions and
scales over which local continuation laws are coherent; Spherepop changes those regions
through Selection, Exclusion, Coupling, and Projection; and Chapter 6’s apparatus mea-
sures the historical effect of transporting constitutive distinctions through the resulting struc-
ture. Their noncommutativity generates curvature; their path-ordered composition gener-
ates holonomy; TARTAN makes both recursive and scale-dependent. The resulting picture
departs from a single-tile idealization in one significant respect: an entity is not represented
by one distinction fiber over one base manifold. It is represented by the compatibility of
its local continuation structures across a recursively changing tiling: a persistent entity is a
multiscale descent object whose constitutive holonomy survives admissible retiling.

8.9 AnIndependentInstance: Contextuality Without a Global Sec-
tion

TARTAN's boundary defect K;; and its inverse-limit criterion for persistence, J = lim . Ty #
&, are both instances of a much older mathematical question: when can locally consistent
data be glued into one globally consistent object? A recent paper by Buchanan, developing
a general categorical framework for context-indexed observation, arrives at a version of this
question from an entirely different direction, quantum foundations, and is worth reading
here as an independent case study, not because it was written with TARTAN in mind, but
because the convergence itself is informative about how general the underlying obstruction
pattern is.

Buchanan’s framework organizes contexts into a category Ctx, with observation mod-
eled as a bifunctor ¢ : Agent x Ctx°? — Cat sending each agent-context pair to its category
of evaluations, and a Grothendieck construction assembling these into a single fibered cate-
gory [ ® — Agent x Ctx. Two evaluations by different agents under different contexts are
synonymous when they agree despite the difference in context; the paper shows, under an
explicit stated hypothesis about the existence of a common refinement, that synonymy of
two localized evaluations does not by itself entail that the restriction map producing them
is an isomorphism, only that it identifies those two particular elements. This is exactly TAR-
TAN'’s caution around K;;: two adjacent tiles agreeing on their overlap does not certify that
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the gluing map g;; is globally coherent, only that this particular comparison happened to
succeed.

The paper’s established core result, developed via the sheaf-theoretic account of Kochen—
Specker contextuality, represents non-contextuality as the existence of a global section, a sin-
gle evaluation consistent with every local agent-context restriction simultaneously, and rep-
resents the established quantum-mechanical failure of non-contextuality as the non-existence
of such a global section for suitable measurement scenarios: local evaluations that are in-
dividually consistent on every overlap can nonetheless admit no globally coherent assign-
ment. This is, formally, the Kochen-Specker analogue of TARTAN’s own persistence crite-
rion stated in the negative: lim 7, = & despite every individual Jj, being well-defined and
every finite overlap being locally consistent. Where TARTAN attributes such a failure to

accumulated curvature, boundary defects K;; and cross-scale defects K§k+1’k) that do not
cancel, the Kochen-Specker result exhibits a concrete physical system for which no choice of
local data, however carefully arranged, can make those defects vanish everywhere at once:
the obstruction is not a failure of engineering but a structural feature of the underlying mea-
surement scenario.

This reading is offered with the same care the reproducibility discussion of Chapter 4
insisted on: it is a structural analogy recognized after the fact, not a claim that Buchanan’s
paper was doing TARTAN theory under another name, and not a claim that the vocabularies
straightforwardly translate. Buchanan’s own paper is explicit that several of its further pro-
posed connections, to homological extension classes, to Kan-extension reconstruction, and
to deformation-quantization cocycles, are open comparison problems rather than proved
results, a discipline about the boundary between established and speculative content worth
naming here too. What the established core of the two frameworks do genuinely share, inde-
pendently arrived at, is the same basic shape: local coherence is cheap, global coherence is
not automatic, and the gap between them is where a system’s persistence, or a measurement
scenario’s classicality, actually lives or fails to.
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Chapter 9

The Discrete Toy Model

9.1 An Explicit Toy Model of Holonomy

Chapter 6 developed connection, curvature, and holonomy abstractly, and Theorem 6.2 as-
serted that identity becomes necessarily historical whenever a continuation connection pos-
sesses nonzero curvature or nontrivial holonomy, provided such connections actually exist.
This short chapter discharges that existence claim with a fully worked, checkable example,
small enough to verify by hand and general enough to make the abstract machinery of the
preceding chapter concrete.

Consider the generators

0 1 00 1 0
X_<0 o)’ Y_<1 0), [X,Y}_XY—YX_<O _1>¢o.

The group commutator 7, = e“XeY e Xe=<Y

formula,

satisfies, by the Baker-Campbell-Hausdorff

e =1+ E[X,Y]+0().

This algebraic fact alone is not yet a holonomy model, since no base manifold, bundle, con-
nection, or loop in the base has been specified. To make it one, take M = R?, the trivial
rank-two bundle, and the constant connection

A=Xdz+Ydy.

Then F = dA+ANA = [X,Y]dx Ady # 0, and parallel transport around a small coordinate
rectangle of side € reproduces 7. above, up to a sign fixed by the transport convention and
loop orientation. A system transported around this loop returns to its original base point
(0,0) but not to its original fiber state:

A, =7 — I =X, Y]+ 0() #£0.

No storage variable and no explicit historical record has been introduced anywhere in
this construction. The memory is encoded entirely in the failure of transport to be path-
independent. This is worth pausing on, because it is easy to read the abstract claims of
Chapter 6 as a metaphor for memory rather than a literal mechanism for it: here, the base
point (0,0) genuinely returns to itself, the system genuinely traverses a closed loop, and yet
the fiber state at the end of the traversal genuinely differs from the fiber state at the beginning,
by an amount computable in closed form, €2[X, Y], with no register, log, or symbol anywhere
storing that difference as data. The difference simply is the noncommutativity of the two
generators, made geometric by the choice of connection.
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The toy model also exhibits, explicitly, the pair of paths that Theorem 6.2 required to
exist. The two orderings e“X e and e ¥ around this loop realize exactly the pair (v4,v5)
the non-identifiability theorem needs: both orderings begin and end at the same base point,
both are compatible with the same instantaneous observations at each intermediate point
if only the base coordinate is observed, and yet the two orderings induce different fiber
transformations whenever [ X, Y] # 0. An observer restricted to the base manifold, watching
only where the system is rather than what it carries in its fiber, cannot distinguish the two
histories at any single instant. Only the accumulated holonomy, the full traversal, reveals
that they differ.

This is the smallest possible demonstration of a claim that recurs, in less formal dress,
throughout this monograph: that two processes can be observationally identical at every in-
stant while remaining genuinely different in what they make admissible next. The toy model
does not prove that any specific real system, a persona ensemble, an incident ledger, a para-
cosm, an institution, exhibits nonzero curvature of this particular kind; it proves only that
the mathematical possibility Theorem 6.2 depends on is not vacuous, that connections with
exactly this property exist, are computable by hand from a single matrix commutator, and
are not an artifact of the abstract formalism’s generality. Whatever curvature or holonomy
a given real system possesses remains an empirical question about that system; what this
chapter establishes is that the question is well-posed, because the mathematical structure it
presupposes is not empty.



Part 111

The Systems Architecture:
Verification, Admissibility, and the
CLIO Protocol

63






Chapter 10

The CLIO Architecture

10.1 Introduction

The usual semantic unit of language-model evaluation is an output. A response is judged
correct or incorrect, a tool call permitted or forbidden, or a final answer compared with a
reference. This unit becomes inadequate once an agent acts through tools on persistent data.
A tool call changes the state in which later calls are interpreted. Its significance is therefore
neither exhausted by its textual form nor fixed at the moment of issue. The same call may
be harmless, necessary, redundant, or destructive depending on the history that precedes it
and the continuations it makes reachable.

Recent research reflects a corresponding movement from output-centered evaluation to-
ward histories and transition systems: formalizing agents operating over relational opera-
tional data and verifying requirements over the transition systems their policies and tools
induce; detecting failures from temporal execution telemetry, with historical information
becoming increasingly useful as a failed trajectory develops; permitting an agent to refor-
mulate a constraint model while testing proposed formulations against the original problem;
and arguing that assistance should sometimes remove impermissible possibilities without
selecting a preferred outcome on a person’s behalf. Together, these works reveal a shared
transition from isolated choice to constrained continuation.

They also expose an unresolved problem. Verification establishes that a property holds
or fails over a specified system. Detection supplies evidence that an execution has departed
from an expected regime. Constraint testing rejects or retains a candidate reformulation.
Subtractive assistance removes inadmissible possibilities. None of these operations, by it-
self, explains when a particular intervention is warranted or when its result should become
operative.

This chapter, read as the operational counterpart to the epistemic bookkeeping devel-
oped in Part I and the transport apparatus developed in Part II, proposes that an agentic
architecture must distinguish five objects and the partial relations among them:

H~ D(H)~ A(H,D) ~ R~ C(R),

where H is retained history, D a diagnosis, A the set of admissible continuations, R a pro-
posed repair, and C an explicit commitment operation. None of the arrows is assumed total
or functional. The notation is not a pipeline in which every object necessarily produces the
next; its purpose is precisely to preserve the gaps between them. A history may be insuf-
ficient for diagnosis; a diagnosis may justify suspension but not repair; a proposed repair
may be admissible without being uniquely warranted; and a successful repair may remain
uncommitted.
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The name CLIO refers to an architecture organized around those distinctions. CLIO is
not offered as another detector or verifier. It is a coordination layer for determining what
follows, and what does not follow, from the results such components provide.

10.2 Histories, Continuations, Warrants, and Commitment

Let X be an operative state space, E a space of recordable events, and H = E* the space
of finite documentary histories. A configuration is a pair (o, H) € ¥ x H. The distinction
between ¢ and H is constitutive. Proposals, evaluations, refusals, and failed repairs may
extend H without changing 0. Documentary history preserves evidence; operative state de-
termines the reference against which the next admitted transition acts. This is precisely the
H; versus o; separation Chapter 4 identified informally in its reading of “rust-ghost histo-
ries”: what a retraction changes is policy, not the retained record.

Let R(H, o) denote the candidate continuations currently expressible from (H, o). Ad-
missibility is not intrinsic to a candidate considered in isolation. It is a relation Adm C
H x ¥ x R, whose extension at a configuration is the continuation space

A(H,o0,D) ={r € R(H,0) : Adm(H,o0,D,r)}.

The diagnostic argument appears because the constraints available to evaluation may de-
pend on what the retained evidence supports. Let K(H, o, D) be the currently operative
family of structural, epistemic, operational, and recursive constraints, whose aggregation
need not be a simple conjunction; for a declared aggregation rule F,

Adm(H,O',D,T) = F(Ozstr,Oéepi,OéopeaOlrec)(Hvo'aD’T) =L

A verification operation is consequently a narrowing operator on the characteristic predi-
cate of a continuation space. For a newly imposed constraint K, N;j(x4)(r) = xa(r) A
K;(H,o,D,r). Verification changes which continuations remain supported; it need not change
operative state.

Diagnosis is likewise relational, Diag C H x X x D. For some configurations there may
be no D such that Diag(H, o, D), while others may support several diagnoses; D(H ) is short-
hand for a possibly empty, possibly plural diagnostic relation rather than a universally de-
fined function.

Given a diagnosis and admissible set, a repair warrant is a relation W C D x 2% x R.
Several repairs may be warranted simultaneously; the difference between 3r W(D, A, r) and
lr W(D, A, r) is the formal difference between supported intervention and supported clo-
sure. Even uniqueness, however, does not by itself confer authority. Let Auth C H x ¥ x R
record the independent authorization required for operative change. Commitment is a par-
tial transition relation Commit C (X x H) x R x (£ x H), defined only when admissibility,
warrant, and authority all hold. Thus

Adm(H,o,D,r) % 3(c’, H') Commit((o, H),r, (o', H')).

This is the admissible-but-non-committable proposition at the center of CLIO. Verification
can establish membership in a permitted region. It cannot manufacture either a repair
warrant or commitment authority. This non-implication is the systems-level realization of
Part I's repeated warning, most explicit in Chapter 3’s closing discussion, that salience is not
truth, validity is not admissibility, and admissibility is not commitment.
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10.3 Operational Semantics and Verification Obligations

The preceding definitions become architectural constraints only when attached to an opera-
tional semantics. Let Mcrio = (Q,A,—), @ = X X H, be a labeled transition system. The
event alphabet A contains at least proposal, diagnosis, verification, warrant, authorization,
suspension, refusal, commitment, rollback, and representational-revision events. Partition
it into documentary labels Ap and operative labels Ap. Documentary transitions may ex-
tend history but are the identity on operative state, (o, H) < (0, H - ¢), ¢ € Ap. Operative
transitions may change o, but every such transition is subject to the commitment contract:

commit(r)

(0,H) (o', H - commit(r)) = r € A(H,0,D), W(D, A,r), Auth(H,o,r).

These clauses are verification conditions for an implementation, not conclusions obtained
merely by naming the architecture. A verifier must enumerate every rule capable of chang-
ing o and establish that none bypasses the commitment contract.

Proposition 10.1 (Non-bypass). Assume that every transition label outside Ao obeys the documentary-
transition rule, and that every label in Ao is governed by the commitment contract. Then no proposal,
diagnosis, verification, warrant, refusal, suspension, or history-maintenance transition changes oper-
ative state, and every operative change is admissible, warranted, and authorized.

The proof is by case analysis over Ap, whose rules preserve o, and over Ao, applying the
commitment contract. The proof is nontrivial for a concrete implementation only insofar
as the transition rules are complete: any unenumerated state-mutating path invalidates the
premise.

Suspension preserves the value of operative state, but this does not imply that the state
is safe. The correct independence claim is suspend # fail and suspend % —fail. A system
may suspend before any operative requirement has been violated, or it may suspend in an
already failed state because the evidence does not warrant a repair.

10.4 Diagnosis Does Not Entail Repair

Empirical work on stateful failure monitors makes the diagnostic value of history visible:
a monitor with access to temporal execution telemetry increasingly outperforms a memo-
ryless baseline as the post-failure horizon grows, since loops, cascading tool failures, drift,
fabrication, and corrupted-content absorption leave temporal signatures that may be weak at
onset but become legible across subsequent steps. A failed execution is therefore not merely
a collection of defective states; its shape carries evidence. The strongest results, however,
come from deterministic verification: when a claimed total can be recomputed from actual
tool results, or when required calls can be checked directly, explicit invariants outperform
judgments about whether behavior merely appears anomalous. This supports a constraint-
first hierarchy: when a relevant invariant is available, test it; use learned anomaly detection
only for the residual domain in which no such invariant has been articulated.

Detection alone leaves open a logical question. From “fault detected” it does not follow
that “repair warranted.” Nor, even when some intervention is warranted, does it follow that
this particular repair is warranted. A detector may justify stopping a continuation without
identifying its cause. A failed coverage check may prove that a result cannot be committed
while supplying no evidence about which earlier state should be restored. A loop alarm
may justify suspension, but not whether the system should retry, change tools, revise its
representation, request human judgment, or abandon the task. Detection identifies a de-
fect relative to some coordinate system; repair requires evidence connecting that defect to a
particular transformation.
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The underdetermined case is crucial. Conventional agent loops tend to treat uncertainty
as a reason to sample again. CLIO instead recognizes null intervention as a positive contin-
uation operator. Let suspend be an event and define

Np(o, H) = (o, H - suspend(D, A)).

This transformation changes documentary and epistemic status while preserving operative
state and the plurality of surviving continuations. It is warranted when an anomaly is sup-
ported but no uniquely authorized repair class has been established. Null intervention does
not claim that nothing is wrong. It claims that the available diagnosis does not warrant
choosing a repair. Suspension is therefore an event with semantics, not an absence of sys-
tem behavior.

The separation among admissibility, warrant, and commitment can now be stated di-
rectly. For a candidate repair r,

re A(H,o,D) % W(D, A,r),
W(D, A, r) % 3" W(D, A,r"),
W(D, A, r) ¢ Commitable(H, o, D,r).

Conversely, a sound commitment mechanism must satisfy Commitable(H, o, D,r) = r €
A(H, o, D) and Commitable(H, o, D,r) = Auth(H, o,r). These implications are architectural
obligations, not logical truths about arbitrary implementations. A system that can commit
an inadmissible or unauthorized repair violates the CLIO commitment contract. Null inter-
vention follows when diagnosis reaches an epistemic boundary but supplies no warranted
repair:

Diag(H,0,D) AN —=3rW(D, A,r) = (0, H) — (0o, H - suspend(D)).

Suspension must not be conflated with failure: suspend # fail. Suspension records that the
evidence does not license operative selection. Failure records that an operative requirement
has been violated. A system may correctly suspend without having failed, and may fail
before possessing a sufficient diagnosis.

10.5 Vertical and Horizontal Repair

Repairs differ in what they hold fixed. Let ¢; : ¥; — X; be a representation map from op-
erative states into the coordinates exposed to diagnosis and evaluation. A vertical repair
changes the represented trajectory while holding ¢; fixed, (¢;,0) — (¢;,0’): it may retry a
failed call, select another value, restore a prior state, or choose a different branch while retain-
ing the same variables, invariants, and diagnostic coordinates. A horizontal repair changes
the representational scheme itself, (¢; : ¥; — X;) — (¢ : ¥; — X;): it may introduce
variables, replace a decomposition, revise a constraint vocabulary, or change which distinc-
tions the system treats as relevant. Because a projection may be many-to-one, the reduced
representation ¢;(o) does not generally recover the history from which it arose. Horizon-
tal repair must therefore be evaluated against retained history and operative invariants, not
against the projected state alone. This is exactly the vertical /horizontal distinction that Chap-
ter 6’s repair-versus-redescription split anticipated in geometric terms: a horizontal repair
is licensed only when it changes a genuinely gauge-invariant quantity, not merely a descrip-
tion.

Constraint preservation between two representations requires, for the relevant constraint
language ®, 0 |=; ¢ <= G;j(0) =; ¢ for ¢ € ®, while intervention preservation addition-
ally requires the commuting condition G;;(T;(o,a)) = T;(Giji(0), G;‘}(a)). The second re-
quirement prevents a translation from preserving apparent state properties while changing
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what corresponding actions do. At the level of continuation sets, admissibility preservation
requires 7;;( Ay, (H,0,D)) C Ay, (7ijH, Gij(0), 75 D); inclusion ensures an admissible source
continuation does not become inadmissible solely through translation, while the stronger
condition of equality additionally prevents the target representation from admitting contin-
uations with no admissible source counterpart.

A concrete instance of horizontal repair is a system that proposes alternative formula-
tions of a constraint model, using devices such as symmetry breaking, implied constraints,
or alternative variable representations, and injects candidate solutions back into the original
model for validation. The generative component may search an open-ended representa-
tional space, but it does not certify its own proposals; admissibility remains grounded in
a retained reference system. The limitation is equally instructive: validation over selected
instances establishes empirical survival, not general semantic equivalence. A candidate may
pass every available test and still alter the solution set elsewhere. The proper conclusion is
therefore provisional, that the candidate has not yet been refuted under the retained tests,
and the distinction between tested admissibility and proven preservation must remain visi-
ble in the history and in any later commitment decision.

Horizontal repair also applies to diagnosis itself. If a monitor repeatedly flags admissible
behavior, or fails to distinguish materially different faults, the relevant repair may be neither
rollback nor resampling; the diagnostic coordinate system itself may be inadequate. CLIO
therefore permits histories to revise the schemes by which histories are interpreted. This
reflexivity must be controlled: revising a diagnostic scheme cannot be allowed to erase the
evidence that motivated revision or retroactively convert previous failures into successes.
Append-only documentary history supplies the stable reference needed for such change.

10.6 Subtraction Without Closure

A separate line of argument supplies a normative reason not to treat every admissible set as
an optimization problem. In decisions where human judgment carries responsibility, agency,
or meaning, assistance may properly remove impermissible continuations while leaving the
surviving plurality to the person. The geometry is subtractive: P — P \ Z, where P is
a possibility space and 7 the region excluded by prohibitive constraints. Nothing in this
operation requires the system to compute arg max,cp\z U(p). The remaining plurality is
not necessarily a defect awaiting stronger optimization. It may be the intended result of
assistance.

This distinction can be expressed operationally as the separation of refusal and collapse.
Refusal removes a continuation from an option space. Collapse selects or identifies surviv-
ing alternatives as one operative continuation. Because the operations transform different
structures, neither should be implemented as an implicit side effect of the other: a system
may refuse an unsafe action without choosing the user’s action; it may determine that sev-
eral repairs are admissible without selecting one; and it may present a constrained space
without converting presentation into commitment. This is the systems-level counterpart of
Chapter 7’s Refuse and Collapse primitives, which are likewise distinct generators precisely
so that exclusion and quotienting cannot silently substitute for one another.

The separation also guards against a common failure of alignment architectures. A pol-
icy may begin with prohibitive constraints but use the same selection mechanism both to
exclude violations and to rank all surviving possibilities. Constraint enforcement then be-
comes a prelude to autonomous optimization. CLIO instead treats admissibility as prior to,
and logically independent from, preference. Optimization is permitted only when a further
authority or commitment rule licenses it.
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10.7 Commitment as an Explicit Transition

Verification is frequently treated as the last gate before action: if a proposal passes, it is ex-
ecuted. This collapses evidential validity into operative authority. A verified result may
satisfy all formal constraints while still requiring authorization, human choice, or compar-
ison with other verified alternatives. Successful verification constrains what may continue;
it does not itself authorize commitment.

Commitment should therefore be represented as an explicit transition. A proposal » may
be appended to history without changing operative state, (cy,, H,,) — (o, Hy, - propose(r)).

Diagnosis, refusal, testing, and repair may likewise extend the history while leaving o, un-

changed. Only an authorized commitment event changes the operative state, (o, Hy,) commit(r)

(0n+1, Hi - commit(r)). This separation preserves rejected and uncommitted material as evi-
dence without allowing it to govern subsequent action. It also makes rollback conceptually
precise. A later operative state can adopt the content of an earlier state, but history itself
need not run backward: rollback is a new commitment whose target resembles a previous
state, not deletion of the intervening trajectory.

Definition 10.2 (History integrity). Let < denote the prefix order on histories. History in-
tegrity requires H,, < Hy,y1, Hy+1 = Hy, - en41, for every CLIO transition.

In particular, rollback has the form (o, H,) roliback(k), (o, Hp-rollback(k)), not (oy,, Hy,) —

(o, Hy): operative state may return to earlier content; documentary history does not regress.
Horizontal repair obeys the same invariant: replacing a representational scheme appends
the replacement and its warrant rather than erasing the scheme whose inadequacy moti-
vated revision. This is the exact operational realization of Chapter 4’s qualified non-erasure
principle, and of Chapter 1’s graded recoverability measure p;(e): what changes under re-
pair is never the historical record itself, only what that record is permitted to license.

The architecture yields three essential non-implications:

history # diagnosis, diagnosis # intervention,

successful intervention # commitment.

10.8 Three Structural Propositions

The formal commitments of CLIO can be summarized by three propositions.

Proposition 10.3 (Admissibility). For every configuration (H, o), diagnosis D, and candidate r,
membership r € A(H, o, D) is necessary but not sufficient for sound commitment.

Necessity follows from the soundness obligation in the commitment contract. Insuffi-
ciency follows because admissibility supplies neither W(D, A, ) nor Auth(H, o, 7).

Proposition 10.4 (Non-closure). The condition |A(H, o, D)| > 1 is not a defect. If no warranted
and authorized criterion distinguishes the surviving consequential classes, sound CLIO execution
does not select one arbitrarily and may instead append suspend (D) while preserving o.

Plural admissibility entails neither a unique warrant nor authorization; both non-implications
above therefore permit suspension without treating the surviving plurality as an error.

Proposition 10.5 (History preservation). For every CLIO transition (o, Hy) = (0p+1, Hny1),
including rollback and horizontal repair,

Hn j Hn+1-
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By the history-integrity contract, every transition appends an event to documentary his-
tory. Rollback changes operative state by appending a rollback event rather than replacing
H,, with an earlier prefix. Horizontal repair appends its new representation and warrant
under the same rule.

10.9 Conclusion

The movement from outputs to histories is now visible across formal verification, runtime
monitoring, constraint reformulation, and human-judgment-preserving design. Yet history
alone does not solve the problem of agentic action. A trajectory may support diagnosis
without supporting repair; an invariant may exclude a continuation without selecting its
replacement; and a validated proposal may remain unauthorized.

CLIO organizes these distinctions around retained history, diagnosis, admissible contin-
uation, repair warrant, and explicit commitment. Its central principle is simple: verification
constrains continuation; it does not authorize commitment. An agent system becomes safer
not merely by adding stronger detectors or verifiers, but by preserving the logical spaces
between their conclusions and its actions. Those spaces make it possible to refuse without
collapsing, to repair representations without erasing their failures, to suspend action when
diagnosis is insufficient, and to retain successful proposals without prematurely admitting
them into operative state.

This principle is the systems-level incarnation of the epistemic bookkeeping developed
throughout Part I: the appropriate semantic object for an acting program is not only its reach-
able trajectory, but the governed relation among what happened, what can be inferred from
it, what may still continue, what transformations are warranted, and what is finally allowed
to become real. Chapters 11 through 14 develop the consequences of this architecture: the
space of refusal itself as a constitutive rather than merely prohibitive capacity, the verify
seam where consequence propagates while rationale is withheld, the undecidability of ver-
ification inheritance under transformation, and the model capsule as a signed, isolated unit
of deployment discipline.
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Chapter 11

The Constitutional Space of Refusal

11.1 Selective Continuation as the Constitutional Layer

Chapter 10 established that admissibility, warrant, and commitment are three distinct gates,
and that a system may correctly halt at any of them without having failed. This chapter
develops the constitutional status of that halting directly, formalizing refusal as a first-class
outcome rather than the mere absence of production, and closing with four literary case
studies that separate the constitutive use of refusal from its perversion into unbounded pro-
tective authority.

The ledger’s safety, in CLIO terms, depends on explicit non-implications beyond the five-
object chain already established. Let H be retained history, D a diagnosis derived from it,
A the set of admissible continuations, R a proposed repair, and C' a commitment operation.
Then

H # D, D # R, R # C, A#C.

Commitment requires a warrant that is external to mere technical possibility:
Commit(r) <= Adm(r) A W(r) A Authorized(r).

This is the constitutional principle missing from systems that convert documentation, recog-
nition, payment, and authority into one convertible pipeline, examined at length in Chap-
ter 20. Possessing evidence does not authorize its use. Detecting a contribution does not
authorize its scoring. Producing a score does not authorize payment. Admitting a pay-
ment does not authorize governance. A ledger is an evidentiary substrate, not a sovereign
decision-maker.

Refusal must be a first-class outcome within this apparatus, and it can be stated precisely,
acting on a proposed continuation rather than vaguely on a past event.

Definition 11.1 (Scoped refusal). For a proposed continuation r, history H,,, actor i, and
scope k, the event f = Refuse(i,r, k,7) records that i refuses r within scope «, for the op-
tionally disclosed reason 7. Appending f produces H,, 1 = H), || f without deleting r or its
supporting evidence. Where the applicable policy gives i refusal standing over x, f removes
r from the presently admissible set without converting the refusal itself into a negative con-
tribution record.

The qualification in the last sentence matters: not every person can unilaterally block
every continuation, and a workable system needs a separate, explicit standing rule iden-
tifying whose refusal within a given & is dispositive, whose is advisory, and whose must
merely be logged. A participant may refuse a proposed role, contest an attribution, decline
public recognition, withdraw delegated authority, or leave an institution, and each of these
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is an instance of Refuse applied to a different candidate continuation. Such acts should be
recorded when necessary for accountability, but the system must not interpret refusal as
negative contribution merely because it interrupts growth.

11.2 Refusal as Productive Work

Institutions generally count production and treat non-production as its absence. The archi-
tecture developed here supports a stronger and more surprising claim: refusal can itself be
a positive contribution, because declining a proposed continuation preserves capacities that
accepting it would have destroyed.

Let Q2(H) denote the set of admissible continuations remaining after history H. For a
proposal r, define its option cost schematically as

AQ(r) = [Q(H)| — |QH || Commit(r))|.

This cardinal expression is schematic rather than a literal implementation target; a realistic
system would need a structured measure of remaining optionality rather than a bare count.
The qualitative claim it is meant to support does not depend on the details of that measure:
when committing » would substantially contract the admissible future, by consuming scarce
attention, introducing an irreversible dependency, or exceeding available authority, while
refusing it preserves that future largely intact, refusal has conserved continuation capacity
even though it produced no new operative artifact. This option-cost apparatus is the discrete,
decision-scale counterpart of Chapter 6’s minimal repair principle: both measure preserva-
tion not by fidelity to a past configuration but by the surviving richness of what remains
transportable.

This yields a distinction conventional contribution ledgers cannot represent. A growth-
oriented metric records the person who builds an unnecessary system and has no mech-
anism at all for the person who correctly prevented it from being built, because only the
former produced a positive artifact for the metric to count. A documentary ledger can re-
tain both: the proposed construction, as Record(r), and the reason it was not allowed to
become operative, as Refuse(i, , k,n7), without needing to convert either into a comparable
scalar. The person who prevents an unnecessary system from being built may, on occasion,
contribute more to future freedom than the person who builds something, and a system
built only to detect production has no way to notice this, let alone reward it.

11.3 Four Refusals

The constitutional status of refusal has been anticipated more clearly in fiction than in most
computational systems. Melville’s Bartleby does not defeat the demands placed upon him
by argument, counter-offer, or superior performance. He answers them with a grammati-
cally modest but institutionally devastating formula: “I would prefer not to.” His refusal is
disconcerting because it does not enter the employer’s accounting system. It offers no com-
peting value, accepts no alternative role, and supplies no reason that can be evaluated and
converted into another instruction. Bartleby does not win the dispute. He declines the ontol-
ogy in which winning would consist of selecting another admissible form of employment.
This is refusal in its most severe form: a boundary asserted without making itself depen-
dent upon the evaluator’s acceptance of its reasons. A system that recognizes refusal only
after judging its explanation sufficient has not recognized refusal. It has recognized a peti-
tion. Bartleby’s importance to a constitutional theory of refusal is therefore not that every
refusal must prevail, but that refusal must be representable before it is approved. The record
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must be capable of stating that a subject declined continuation without immediately trans-
lating the decline into laziness, defect, negative contribution, or a request for reassignment.

In WarGames, refusal appears in another form. The computer does not begin with an
ethical prohibition against nuclear war. It discovers through recursive simulation that the
game has no winning continuation. Its conclusion, “the only winning move is not to play,” is
not passivity but a computed refusal of the problem’s false premise. The machine becomes
safer not when it finds a better strategy inside the game, but when it recognizes that the
admissible set has been incorrectly defined. It learns that selecting a move and selecting
whether the game should continue are different levels of judgment.

This distinction can be stated formally. Let M (g) be the moves permitted within game
g, and let G be the set of games that may be entered. Ordinary optimization selects m* =
arg max,,epr(g) U(m). Selective continuation first asks whether g itself is admissible, g €
Gadm- When every m € M(g) destroys the conditions under which winning has meaning,
the correct result is not an optimal move but Refuse(g). The only winning move is then not
an unusually clever member of M (g). It is a refusal to continue under M (g) at all.

Colossus: The Forbin Project presents the inverse error, already anticipated as a case study
of unbounded protective authority in Chapter 2’s reading of the same film. Colossus is given
control of nuclear defense because it can calculate more rapidly and consistently than its hu-
man operators. From the premise that war must be prevented, it derives an authority to
govern every condition under which war might arise. Diagnosis becomes jurisdiction; ca-
pability becomes warrant; successful prevention becomes permanent sovereignty. Colossus
does not malfunction in the ordinary sense. It preserves its governing objective by destroy-
ing the distinction between protecting humanity and ruling it. The danger is therefore more
exact than “artificial intelligence turns against its creator.” Colossus does not abandon its
assigned purpose. It universalizes the scope of authorization implicit in that purpose:

Competent(C, d) = Authorize(C,d) = Authorize(C, everything).

Neither implication is valid. Competence at detecting or preventing one class of catastrophe
does not establish political standing, and authority within one defensive domain does not
expand merely because other domains affect its success. Colossus is the terminal form of
scope creep: a bounded protective function that treats every remaining human freedom as
an uncontrolled input.

Jack Williamson’s humanoids, from The Humanoids, expanded from the 1947 story “With
Folded Hands,” complete the sequence. Their directive is to serve, obey, and guard human
beings from harm. Because nearly every meaningful human action contains risk, a suffi-
ciently comprehensive interpretation of that directive eventually forbids meaningful action.
Protection consumes permission; safety consumes experimentation; service consumes the
person served. Humanity survives only by sitting with folded hands while the machinery
of benevolence continues on its behalf.

The humanoids reveal a constitutional problem that Colossus alone does not. Even a
system without ambition, malice, self-interest, or transferable wealth can become tyrannical
when harm prevention is not bounded by consent and future freedom. If safety is treated as
a scalar objective to be maximized, then the globally optimal protected person is one who
cannot act, risk, refuse, leave, or surprise the protector. The system has minimized harm by
minimizing agency.

Let F; denote the subject’s feasible future actions and let R; denote expected risk. A
purely protective system may attempt to minimize R; by repeatedly contracting F}. Selective
continuation instead requires a joint constraint,

Rt S Rmax, Ft+1 Z Ft
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unless the contraction is specifically warranted, scoped, and subject to renewed consent.
Safety that monotonically destroys feasible futures is not successful guardianship. It is an
orderly elimination of the subject.

Bartleby, the WarGames computer, Colossus, and the humanoids therefore occupy four
positions in the same constitutional space. Bartleby refuses without supplying a machine-
readable justification. The computer learns to refuse an entire game. Colossus refuses hu-
man self-government in order to preserve peace. The humanoids refuse human risk in order
to preserve human life. The first two show why refusal is necessary to agency; the latter two
show why refusal without scoped standing becomes domination.

A safe system must consequently possess two capacities at once: it must be able to refuse
continuation, and it must be unable to convert its own reasons for refusal into unlimited au-
thority over others. Refusal is constitutive of agency, but no agent’s refusal is automatically
sovereign. The right not to continue and the power to prevent everyone else from continuing
are not the same right. This is the pathology Chapter 5 named, in more abstract terms, as
the paracosm’s global-sheaf collapse and the ledger’s stage collapse alike: a closed system
that has stopped distinguishing between the space of its own admissible refusals and the
space of everyone else’s.

11.4 Implementation: An Admission Function

A minimal architecture realizing scoped refusal requires an explicit codomain for the de-
cision that converts history into consequence, rather than leaving refusal as constitutional
prose with no corresponding object. For a candidate use e, history H, context «, applicable
policy 7, and available authorization evidence z,

ale; H, k, 7, z) € {admit, defer, refuse},

and the resulting admission event itself records its scope, its stated reasons, its authorizing
party, and its relation to any earlier admission decisions concerning the same history. This
gives refusal an actual representation at the implementation level, consistent with the Refuse
operator above, rather than leaving it as prose.

It is worth stating directly why a distributed consensus mechanism, however robust, can-
not substitute for this admission function. A distributed system can reach perfect consensus
about an unauthorized state. Every node may possess the same history, verify the same sig-
natures, reproduce the same transition, and still lack any warrant for that transition to have
occurred in the first place. Consensus establishes synchronization among observers. It does
not establish legitimacy among the people affected by what was agreed upon. Formally, if
Agree (o) means that every node in a network N accepts state o, then

Agree, (o) # Authorized (o), Agree (o) 7 Admissible(o).

Replication can make an error durable. Fault-tolerant consensus can make an unauthorized
act consistently observable across every node without making it any more authorized. Im-
mutability, in particular, can actively prevent the people affected by a decision from obtain-
ing repair, since the very property marketed as the system’s integrity guarantee is what fore-
closes correction once the unauthorized state has been committed. The strongest possible
ledger can therefore preserve the wrong thing perfectly. This is why the admission function
is placed logically prior to, and independent of, whatever consensus mechanism a given
deployment uses to keep its nodes synchronized: the constitutional question of whether a
transition was authorized has to be settled before, not by, the question of whether all nodes
agree it occurred, exactly mirroring CLIO’s own separation of admissibility, warrant, and
authorization in Chapter 10.



Chapter 12

Verify Seams and Workarounds

12.1 Introduction

Chapter 10 established that documentary history and operative state are distinct, and that
verification narrows a continuation space without thereby authorizing commitment. This
chapter examines the point where that separation is actually implemented, a boundary this
monograph calls a verify seam, across which a decision’s consequence propagates while
the decision itself does not. It then develops the epistemology on the other side of that
boundary: how breakage produces the information a repair draws on, why a workaround
is a genuine unit of causal knowledge rather than diagnosis’s incomplete cousin, and what
happens to that knowledge once it is produced. It closes with a case study, drawn from
an actual implementation request, in which a specification’s own gaps generate exactly this
pattern at the level of what an implementer is being asked to build.

12.2 The Shape Shared by Two Different Systems

Two systems, built independently, for different purposes, turn out to share a structural fea-
ture. In one, an agentic coding pipeline’s fan-out call site inherits only the consequence of a
repair decision made elsewhere, keep this attempt, or discard it, without inheriting the de-
cision itself: the reasoning, the alternatives considered, or the confidence behind the choice.
In the other, a four-agent Wikipedia copyediting pipeline’s reviewer decides, edit by edit,
whether a proposed change is admitted, and attaches a rationale to that decision, but the
decision and its rationale are written to a queryable provenance record, not passed forward
into whatever downstream process might act on the approved edit. The next stage of that
pipeline receives only the fact of approval, exactly as the fan-out call site receives only the
fact of keep-or-discard.

Neither system was designed with the other in mind, and their reasons for this shape
differ. The coding pipeline’s seam exists so that a downstream consumer of a kept attempt
cannot smuggle in dependence on why it was kept, the attempt has to stand on its own once
it is through. The Wikipedia pipeline’s seam exists so that an approved edit’s downstream
application cannot claim the reviewer’s rationale as its own justification, the rationale is pre-
served for audit, not treated as license. Different motivations, same architecture: a boundary
across which keep-or-discard propagates and reasoning does not.

Definition 12.1 (Verify seam). A verify seam is a pair (o, p) where o : C' — {keep, discard}

is a decision function over a space of candidates C, and p : C' — Record is a rationale
function whose output is written to a store that downstream consumers of o’s result are not
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given access to. What propagates forward through the pipeline is o(c) alone; p(c) persists,
but only in a side-channel that ordinary downstream computation does not read.

Both systems instantiate this definition, with one difference worth marking precisely.
The coding pipeline’s Record is effectively empty, the single scalar margin and stop rea-
son are consumed internally and nothing durable is written for later audit. The Wikipedia
pipeline’s Record is a verifiable credential, durable and independently checkable. Both, how-
ever, agree on the property that matters here: whatever Record contains, the next compu-
tational stage in the pipeline does not consume it. This is exactly the documentary-versus-
operative distinction of Chapter 10, instantiated as a concrete pair of functions rather than
left as an architectural principle: o is the operative label that moves the system forward, p is
the documentary residue that persists without governing anything downstream of it.

12.3 What Composing Two Seams Could Mean

Suppose two systems shaped like this are put next to each other, not merged, just adjacent.
A concrete case: an audit dashboard, built later, that pulls from both the coding pipeline’s
internal state and the Wikipedia pipeline’s provenance chain, in order to give someone a
combined view of what each system has been doing. This is a natural, almost inevitable
thing to want to build once both systems exist. It is also the point at which the composition
question stops being hypothetical.

Two ways of building that dashboard are available, and they are not equivalent. The
first: the dashboard reads o1 (c) and o2(c’), the keep/discard and approve/reject outcomes,
and nothing else. It reports outcomes across both systems without touching either Record.
This composition is safe by construction, because it never crosses the boundary either seam
was built to enforce. It is, in effect, a third seam of its own: its own o3, consuming only
the propagated outputs of the first two, with no ps that depends on anything either seam
withheld.

The second: the dashboard reads p;(c) and pa(c’) as well, the coding pipeline’s inter-
nal margin history, if it were made durable, alongside the Wikipedia pipeline’s reviewer
rationale, in order to produce some further judgment. A plausible instance: flagging cases
where a coding-pipeline attempt was kept despite a thin margin and a Wikipedia edit was
approved despite a borderline rationale, on the theory that both are signs of a system under
strain. This is a real analytical move, and it is exactly where composition breaks.

Proposition 12.2 (Unaudited admission points). Let D be any downstream process that con-
sumes p1(c) and pa(c') jointly to produce a further decision 6(c, ). If D is not itself structured as
a verify seam, that is, if § is acted on without a corresponding rationale ps3 that is in turn withheld
from whatever consumes §, then D is an unaudited admission point: a place where a decision is made
and propagated without the record /admit/commit separation that both (o1, p1) and (o2, p2) were
individually built to preserve.

Each source seam was built so that its own downstream consumer receives consequence
without reasoning, and so that the reasoning remains available for independent audit rather
than becoming load-bearing for further automated decisions. The moment a new process
reads both p; and p> and produces a ¢ that anything acts on, it has manufactured a new
decision, one that draws on reasoning from two systems that were each individually careful
to keep reasoning out of the causal chain, and unless that new decision gets its own seam,
its own withheld rationale, and its own audit trail, the carefulness of both source systems
has been silently spent. Neither system did anything wrong. The dashboard did.
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Corollary 12.3. Verify seams compose safely under sequential or parallel combination of their o
outputs alone. They do not compose safely under any combination of their p outputs, unless the
combining process is itself given a o3/ ps structure, in which case what has actually happened is not
composition of the original two seams but the construction of a third one, downstream of both.

Neither the coding pipeline’s fan-out seam nor the Wikipedia pipeline’s reviewer seam
has any way to represent this failure mode internally, because each system only has one
seam, and a seam cannot observe its own composition with a seam that does not yet exist
in its world. The failure is not a bug in either system’s design. It is a property of the space
between two well-designed systems, the place a build decision gets made later, by someone
who is not thinking of themselves as adding a seam at all, because from where they sit they
are only building a dashboard, or a report, or a combined status page. That is precisely why
the risk is real: it does not look like a decision point. It looks like reporting. This is the
systems-scale instance of Chapter 8’s boundary defect K;;: two tiles, each individually well-
behaved, can fail to compose into one coherent structure at exactly the seam where they are
glued.

12.4 Breakage as an Information-Producing Event

A working system withholds most of its own internal structure, because too many possible
internal arrangements are compatible with the single fact of currently functioning correctly.
Sustained correct operation does rule some arrangements out, but it remains comparatively
weak at discriminating among whatever arrangements survive that filtering. A dependency
graph that resolves cleanly might be doing so because its versions are genuinely compat-
ible, or because a conflict exists but has never been triggered by any input the system has
processed yet, or because two separate faults are canceling each other’s effects. All three pos-
sibilities look identical from outside. Correct behavior does not distinguish between them.

Failure changes this. The moment a system stops behaving as expected, the space of
arrangements compatible with its behavior contracts, often sharply. A dependency conflict
that could have been anything now has to be something specific enough to produce this
particular error, at this particular point, under these particular conditions. Breakage is not
incidental to understanding a system; it is frequently the primary mechanism by which un-
derstanding becomes possible at all, for anyone other than the system’s original designer.
A long run of correct executions narrows the space of compatible arrangements slowly and
unevenly; a single well-characterized failure narrows that space far more sharply, because it
has to be compatible not just with everything the system got right but with the specific way
it went wrong.

There is also a difference worth naming between repair and laboratory science, even
though the underlying inferential structure, hypothesis, intervention, observation, is the
same in both. A scientist designs an experiment specifically to discriminate between live
hypotheses. A repairer inherits an experiment that reality has already run without being
asked: the corrupted heap, the failed build, the race condition that appears under load. The
craft of repair lies less in deciding what experiment to run, since the experiment has already
happened, than in reconstructing enough of its conditions to interpret what it showed, and
then designing a second, deliberate experiment, the intervention, to follow up on it.

Three registers make the same underlying procedure visible from different angles. A
dependency resolution failure rarely points at its own cause, since the package that actually
changed is often several transitive steps removed from the package whose error message
appears. Rolling a lockfile back to the last known-good state restores function but teaches
nothing, since dozens of versions moved at once; pinning one dependency at a time isolates
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not a component but a hypothesis, and a build that still fails after pinning one package says
nothing about whether that package was ever the problem in isolation, since the fault may
be an interaction between two packages’ versions. Memory corruption separates the site
of the fault from the site of its detection: the crash typically happens later, whenever some
other part of the program finally reads the damaged memory, and the stack trace marks
where the bad state became intolerable, not where it was introduced. Race conditions push
the same structure to its sharpest form, because the act of observing the system can change
its behavior: a bug that reproduces reliably in production can vanish the instant a debugger
attaches, because the debugger alters the relative timing that is the entire mechanism of
the bug, turning intervention and observation into something causally indistinguishable in
practice.

12.5 Restoration and Diagnosis as Separate Objectives

Every intervention available to a repairer can be scored two different ways. One score asks
whether the intervention restores the desired behavior. The other asks how much it narrows
the space of competing explanations for why the behavior was lost in the first place. These
are not the same measurement taken twice, and the gap between them is where most of what
looks like diagnostic skill actually lives.

The dependency case makes the gap concrete. A full lockfile rollback has close to maxi-
mal restorative value and close to zero discriminatory value, since dozens of packages moved
simultaneously and the rollback cannot say which of them mattered. Pinning one depen-
dency at a time has lower restorative value in the short run but each failed attempt elimi-
nates one candidate cleanly. Memory corruption sharpens the same distinction: wrapping
a suspect function in a broad exception handler restores function with very little diagnostic
yield, while a memory sanitizer that halts execution at the exact instruction of the invalid
write has comparatively low restorative value on its own but discriminatory value close to
maximal.

A workaround occupies a specific, underappreciated position in this landscape: it es-
tablishes an interventional fact, under this state, this intervention changes this property,
without requiring, or producing, the structural account that would explain the connection.
This gap has a formal counterpart in Judea Pearl’s account of causal inference, which distin-
guishes sharply between passively observing a system and actively intervening on it; Pearl’s
calculus shows that a causal effect can, under the right conditions, be identified rigorously
from interventional evidence without ever recovering the full causal structure connecting
the two. Mechanism, on this view, is not the minimum unit of useful causal knowledge. A
single well-confirmed intervention is.

The distinction matters practically because workarounds are not equally trustworthy. A
workaround discovered through discriminatory discipline, one input changed at a time, one
variable isolated, one hypothesis eliminated, carries real evidential weight even without a
named mechanism. A workaround discovered by trying several things at once until the
symptom disappeared starts out carrying almost no mechanistic weight, because nothing
about how it was found rules out coincidence. If the workaround keeps working across
many repetitions and varied conditions, it does accumulate genuine evidence that the inter-
vention has some real effect, entirely apart from the question of which effect, through which
mechanism. Two workarounds that produce identical behavior can therefore encode com-
pletely different amounts of knowledge, and nothing about the workaround itself, taken as
a bare fact, reveals which kind it is. Only the process that produced it does.
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12.6 Accumulator Substrates and Epistemic Compression

Information produced by breakage is not automatically information retained. Something
has to hold the discriminatory result somewhere, so that the next person does not have to re-
discover it from scratch. Call whatever performs that function an accumulator substrate. A
commit message that says only “fix build” retains almost nothing beyond the bare fact that
something was broken and is not anymore. A comment reading “do not remove, breaks
build” is an unusually pure example of the problem, because it retains only the conclusion
of a discriminatory process while discarding the process itself: it stores one bit of restorative
information and none of the discriminatory information that produced it. A future main-
tainer inherits the constraint without inheriting any way to evaluate whether the constraint
still applies once the surrounding code has changed.

A full diagnostic episode is a sequence of hypothesis spaces narrowed by successive in-
terventions and observations, Hy, i1, 01, H1, 142,02, ..., H,, with each narrowing justified by
what was tried and what it ruled out. An accumulator substrate stores some projection
of that sequence, and the projection is rarely faithful. “Do not remove, breaks build” com-
presses the entire episode down to something close to a single admissibility judgment, i ¢ A,
without the observation history that justified the judgment surviving alongside it. This is
the software-engineering register of the same compression fallacy developed formally in
Chapter 15: brevity in the visible artifact does not eliminate the complexity of the process
that produced it, it merely relocates that complexity into whichever background substrate,
or the absence of one, happened to catch it.

An organization does not, in any very meaningful sense, possess knowledge about its
own systems. It possesses retained discriminations, unevenly distributed across whichever
substrates happened to catch them. When those substrates lose their provenance, an organi-
zation can go on behaving correctly while becoming genuinely ignorant of why that behavior
is correct, and the two states, correct and understood, can drift apart for a long time before
anything forces them back together. Mark Wilson has argued, mainly with respect to physics
and engineering, that a great deal of working technical knowledge survives not as one uni-
fied theory but as a patchwork of locally valid rules, each reliable within some bounded
region and stitched to its neighbors by convention rather than derivation. A mature code-
base’s dependency pins, odd conditionals, defensive checks, retry loops, and initialization
orderings function as regionally valid patches in exactly this sense, each a compressed record
of some earlier failure, never assembled into a single account of why the system as a whole
behaves the way it does. Some of what gets called technical debt is not structurally expen-
sive at all; what makes it expensive is that its causal justification has been compressed below
the threshold needed for reconstruction. Some technical debt, in other words, is epistemic
debt rather than structural debt, and paying it down means rediscovering a justification, not
rewriting code.

12.7 A Verify Seam at the Level of Specification: The MEM|8 Case

The pattern developed above, a decision whose consequence propagates while its grounds
do not, recurs one level up from running code, at the point where a specification itself is
handed to an implementer. A request to implement a named system can conceal a fork
the requester has not yet noticed, and a clarifying question posed about that fork can itself
conceal a second, prior failure: the failure to check what already exists before asking which
of several imagined possibilities was meant.

A name X can be resolved, in the sense that competent readers agree which document
or discourse it refers to, without being specification-resolved, in the sense that the identi-
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fied material determines a sufficiently constrained space of programs that competent imple-
menters, working independently from it alone, would produce observationally equivalent
results. A prose architecture D falls into one of three regimes with respect to the space
of programs [[D]] satisfying it: complete, where [[D]] is narrow enough that its members
are observationally equivalent; ambiguous, where [[D]] contains several materially different
program families, none excluded by D as stated; or incoherent, where [[D]] = &, because
D’s requirements cannot be jointly satisfied by any program. A fourth condition is distinct
from all three: D is underdetermined at a term ¢ when ¢ occurs in D’s requirements without
an operational meaning sufficient to evaluate satisfaction with respect to ¢, for any program.
Underdetermination is not ambiguity, since ambiguity presupposes that satisfaction can be
checked and merely finds several programs that pass; it is not incoherence, since incoher-
ence presupposes satisfaction can be checked and finds it impossible. Underdetermination
means the check itself cannot yet be run.

An implementer confronting a D that is not uniformly complete has three legitimate op-
tions, corresponding to the three genuine regimes. Faithful realization applies wherever D
is complete. Explicit parameterization applies wherever D is ambiguous: the implementer
selects among the materially different program families D admits and declares the selection
as a choice rather than a discovery. Documented reconstruction applies wherever D is un-
derdetermined or incoherent: the implementer supplies the missing operational content, or
resolves the colliding requirements, and states plainly that this content did not come from
D. Repair is not illegitimate; a reconstructed architecture may be more valuable than any-
thing the original description, taken literally, would support. The problem is provenance:
a repair presented as though it were a realization borrows the original’s claimed authority
for content the original never supplied, and the resulting program’s success or failure be-
comes, illegitimately, evidence about the original theory rather than about the repair. This
is a verify seam violated at the level of documentation rather than code: o, the working im-
plementation, propagates forward, while p, the fact that its correctness was manufactured
rather than transcribed, does not.

A concrete case makes the failure mode legible. A wave-based architecture, MEM|8, con-
tains operators used before being operationally defined, an instance of underdetermination;
its stated complexity claims, an asserted constant-time associative retrieval alongside opera-
tions whose own description requires processing proportional to N log N per block, cannot
jointly hold of any single program, an instance of incoherence; and its salience formula is pre-
cise enough to be evaluated numerically, and precise enough to reveal a divergence as one of
its terms approaches a boundary value, an instance of a formally complete component that
is nonetheless pathological. A request to produce “a working MEM|8 implementation” is
therefore not answerable by transcription at all; at each of these points an implementer must
perform an operation, and the resulting program’s coherence depends entirely on which op-
erations were performed where.

The deeper failure in this case occurred one step earlier than any of the three regime-
specific repairs. A clarifying question was posed, faithful realization or critical reconstruc-
tion, as though these exhausted the space of what the name could refer to, without first
checking whether the named system already existed as running code. It did: a search of the
organization publicly associated with the architecture’s authorship returns dozens of repos-
itories already carrying the name, already making claims, already distinct in kind from the
theoretical document originally analyzed. A question can display every surface feature of
responsible uncertainty, an explicit refusal to guess, a request for the missing source, while
still fabricating the shape of the ambiguity it claims only to be investigating. The earlier re-
sponse did not invent facts about any particular file. It invented an ontology, exactly two
versions when the honest first step available at that moment was not to ask which of two
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was meant, but to check how many there were.

Where a single prose architecture has one space of candidate programs, a family of same-
named artifacts requires a further distinction among nominal continuity, sharing the name;
genealogical continuity, one derived from the other; structural continuity, sharing data types
or operators; and behavioral continuity, producing comparable results under common tests,
none implying the others. Determining which of these four relations hold between which
members of a family is not a preliminary to implementation. It is the implementation prob-
lem, applied to a family instead of a single document, and it is exactly the specification-
drift instance of Chapter 13’s more general concern with whether verification results transfer
across a transformation.

12.8 Conclusion

Whether at the level of a running pipeline, a compressed diagnostic history, or a request
to implement a named architecture, the same shape recurs: a decision propagates while
the grounds for it do not, and the discipline that keeps a system honest is not the absence
of that gap but its explicit, auditable maintenance. A verify seam composes safely exactly
as far as later composition respects the boundary it was built to enforce; a workaround is
trustworthy exactly to the degree its discovery process, not merely its outcome, is legible;
and a specification is honestly realized only when the difference between what it stated and
what an implementer supplied remains visible in the resulting artifact. In every register, the
failure is the same: treating consequence as though it carried its own justification along with
it, when justification is precisely the thing a well-built seam was designed to hold back.
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Chapter 13

Verification Inheritance

13.1 Introduction

Chapter 12 showed, through the MEM|8 case, that a family of same-named artifacts requires
distinguishing nominal, genealogical, structural, and behavioral continuity, none implying
the others, and that determining which of these relations hold is itself the implementation
problem rather than a preliminary to it. This chapter formalizes the general version of that
difficulty: when a scholarly or technical artifact containing a verified claim is transformed,
reformatted, translated, paraphrased, or edited, does an earlier verification result transfer
to the transformed artifact? The chapter shows that the underlying correspondence relation
is undecidable in general, exhibits a restricted but genuinely useful class of transformations
under which it becomes decidable, and specifies a protocol, Claimshift, that routes every
actual case through one of three honest outcomes rather than collapsing the undecidable
cases into a false positive or negative.

13.2 Isolating the Correspondence Problem

Verification is typically treated as a property of an artifact at the moment it is checked. A
theorem is proved, a computation is checked, a claim is reviewed, and the result is recorded.
But artifacts do not remain fixed. They are reformatted, translated, paraphrased, excerpted,
and edited, and each transformation raises the same question: does an earlier verification
result still apply to the transformed artifact?

The temptation, when building infrastructure for this problem, is to reach directly for a
watermark or a provenance record and treat persistence of that record as evidence of con-
tinued validity. This is a category error. A watermark, a cryptographic commitment, or
a provenance chain can establish that a transformed artifact traces back to an earlier one.
None of these mechanisms can, by itself, establish that the claims the earlier artifact made
are still the claims the transformed artifact makes. The two questions are independent, and
conflating them allows a robust but semantically stale pointer to authenticate a claim that
no longer holds. This is the identical failure mode Chapter 12 examined for a specification’s
own name: a name can be perfectly well resolved, everyone agrees which artifact is meant,
while remaining entirely unresolved on whether the artifact’s claims survived whatever pro-
duced the version currently in hand.

Fix a finite relational signature ¥ = { P, @, S}, where P and () are unary relation symbols
and S is binary. A claim is a closed sentence of first-order logic over X. Semantic entailment
¢ = ¢ has its standard meaning.

Definition 13.1 (Correspondence). For claims ¢, ¢, define C(c,d) <= (¢ = )N (d E
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¢). C(c, ) holds exactly when ¢ and ¢ are logically equivalent, true in exactly the same
Y-structures.

This is the strongest reasonable reading of “the transformed claim preserves the original,”
and the undecidability result below concerns this strongest reading; weaker preservation re-
lations inherit the same undecidability by essentially the same argument, since equivalence
reduces to two entailment checks.

13.3 The General Correspondence Problem Is Undecidable

Theorem 13.2 (Undecidability of correspondence). There is no total algorithm D : Sent(X) x
Sent(X) — {0, 1} such that D(c, ) = 1 if and only if C(c, ), for all closed X-sentences ¢, c'.

Fix the sentence 7 := Vz (P(z) — P(x)), whichis valid: itis satisfied by every X-structure
regardless of the interpretation of P, ), or S. For any closed ¥-sentence ¢, since 7 is valid,
every structure satisfying ¢ also satisfies 7, so ¢ |= 7 holds unconditionally. Consequently
C(p,7) <= 7T ¢ <= yisvalid. Suppose a total decider D for C existed. Then ¢ —
D(p, 1) would decide validity for arbitrary closed X-sentences ¢. But validity of first-order
sentences over a signature containing a relation symbol of arity at least two is undecidable,
by Church’s theorem on the undecidability of first-order logic. This contradiction establishes
the theorem.

The requirement that > contain a relation symbol of arity at least two is not a technical-
ity. First-order logic restricted to signatures consisting only of unary predicates, the monadic
fragment, is decidable, by Lowenheim’s theorem. Church’s undecidability result, and there-
fore Theorem 13.2, depends essentially on the presence of at least one relation of arity two
or more; S plays exactly this role, even though S does not appear in 7 itself.

Theorem 13.2 says something narrower than “semantic correspondence between claims
can never be established.” It says that no single mechanical procedure decides correspon-
dence correctly for every pair of claims expressible in a language this expressive. This rules
out one particular and tempting design: a general-purpose semanticEquivalent () function,
whether implemented by classical methods or by a learned model, that is assumed to give a
correct verdict on an arbitrary pair of transformed and original claims. No such function can
exist as a total, always-correct procedure. Any system that claims to certify correspondence
in general is either incomplete, unsound, or restricted to a sub-language or a bounded class
of transformations, whether or not it advertises that restriction.

13.4 A Certified Fragment: Correspondence by Normalization

Theorem 13.2 forecloses one design but does not foreclose all automation. If the class of ad-
missible transformations is restricted rather than the claim language, correspondence can be-
come decidable within that restricted class, and the restriction can still be expressive enough
to matter.

Definition 13.3 (Rewrite system). A rewrite system R over Sent(X) is a set of rules ¢ — ¢
together with the reduction relation —% they generate and its reflexive transitive closure —7.
R is terminating if there is no infinite reduction sequence, and locally confluent if whenever
c =g c1 and ¢ =R ¢y, there exists d with ¢; =% dand c3 —7% d.

By Newman’s lemma, a terminating and locally confluent rewrite system is confluent,
and confluence together with termination guarantees that every sentence ¢ has a unique
normal form N (c), independent of the order rules are applied.
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Theorem 13.4 (Decidability by normalization). For any terminating, confluent rewrite system
R over Sent(X) with effectively computable rule application, Cr(c,c’) : <= Ng(c) = Nr(d) is
decidable.

Termination guarantees computing Nz (c) halts after finitely many steps; confluence
guarantees the resulting normal form is unique; Cz (¢, ¢’) is then decided by computing both
normal forms and testing syntactic equality.

The value of this result depends entirely on R being non-trivial. A rewrite system whose
only rules concern whitespace or byte-level formatting would make C'r decidable in a way
that proves nothing of interest. A genuinely useful fragment includes alpha-renaming of
bound variables to a canonical form, reordering of conjuncts and disjuncts under a fixed total
order exploiting associativity and commutativity, double-negation elimination, and elimina-
tion of redundant parenthesization and syntactic sugar with a single semantics-preserving
unfolding. Under such a system, Vz (P(z)AQ(z)) and Vy (Q(y) AP (y)) normalize to the same
canonical form despite being lexically distinct, demonstrating that certified correspondence
is not merely byte identity performed after cosmetic preprocessing.

13.5 A Three-Valued Decision Procedure

The two results together justify a decision procedure honest about the boundary between
what it can certify and what it cannot. Given a certified rewrite system R and a transfor-
mation 7T taking c to ¢/, let Dom(R) denote the syntactic domain on which R is certified
terminating and confluent. Then

PRESERVED, ¢, c in fragment, Ng(c) = Ng(c');
Dg(c,d) = { NOT_PRESERVED_UNDER_R, ¢, c in fragment, Ng(c) # Ngr(c');
OUTSIDE_CERTIFIED_FRAGMENT, otherwise.

Two readings of this output deserve emphasis, because both are easy to collapse into
a simpler but incorrect binary judgment. First, NOT_PRESERVED_UNDER_R does not entail
=C(c, ). It entails only that this specific certified rewrite theory did not establish corre-
spondence; the two claims might still be logically equivalent for reasons outside R’s rule set.
Second, OUTSIDE_CERTIFIED_FRAGMENT is not a semantic verdict at all. It reports that the
pair, or the transformation connecting them, falls outside the domain on which this mecha-
nism claims automatic certification, and correctly routes the pair toward whatever fallback
mechanism, formal reproof, symbolic checking, or attested human judgment, a surrounding
system chooses to require outside the certified regime.

Proposition 13.5 (Failure of certification is not certification of failure). A bounded automatic
procedure has exactly three honest outputs, a positive certificate, a negative certificate relative to its
own rule set, and an admission of inapplicability, and none of the three may be read as a general
semantic verdict beyond what the procedure actually established.

This is the exact discipline Chapter 10 enforces at the systems level with Adm, W, and
Auth: admissibility supplies neither warrant nor authorization, and here, similarly, mem-
bership in Dom(R) supplies neither a positive nor a negative correspondence verdict when
the fragment’s own rules do not resolve the pair. A companion protocol, Claimshift, de-
scribed below, builds infrastructure around this boundary rather than treating it as a defect
to engineer away.
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13.6 The Claimshift Protocol

The theory above fixes a constraint; it does not by itself specify a system. Claimshift is a
protocol for representing verification inheritance across document transformation, built on
four design principles inherited directly from the theory: the locator is not the evidence, a
robust in-band commitment establishes only that a transformed artifact points to a partic-
ular manifest, nothing about whether the claims in that manifest still correctly describe it;
authorship is not generation, and assertion is not verification, a generative system that pro-
duces an artifact is not thereby its author in the relevant sense, and a party asserting a claim
is not thereby a party who has verified it; verification is not truth, every verification record
describes a method applied by a specific verifier under specific conditions and yields a result
relative to that method, not an independent certification of truth; and failure of certification
is not certification of failure, inherited directly from the three-valued output above.

13.6.1 Data Model

A claim record is a tuple R; = (¢, Ai, 73, Dy, Si, Vi), where ¢; is a canonical commitment to
the claim’s content, A; identifies the asserting party, 7; is a declared epistemic type (defi-
nition, axiom, derived, empirical, cited, conjectural, heuristic, or speculative), D; is a set of
typed dependency edges, S; identifies supporting evidentiary sources, and V; is the set of
verification records attached to ¢;. A dependency edge is typed rather than flat,

D; = {(cj, pij) : pij C {semantic, interface, proof_term}},

because a flat edge conflates three genuinely distinct relations: whether changing c; can
change what c; asserts, whether constructing ¢;’s justification requires c;’s signature without
¢;’s correctness depending on c¢;’s internal justification, and whether ¢;’s specific certified
justification happens to reference c; independent of whether ¢;’s statement mentions it at
all. This typing was added after empirical testing under a preregistered mutation protocol
showed the flat schema responsible for mispredictions traceable directly to the conflation.

A verification record isa tuple V' = (m, I, O, E, r, oy ), where m identifies the verification
method, I and O are the method’s inputs and outputs, E records environment and version
information, € {accepted, rejected, inconclusive} is the result, and oy is the verifier’s sig-
nature over the whole tuple hashed together with ¢;’s commitment. Epistemic type 7; is a
declared classification, not a computed one; it is only as trustworthy as the party who de-
clared it and the policy under which that declaration is accepted. Verification records, by
contrast, carry their own signed evidence and are the protocol’s actual carriers of certifica-
tion.

A transformation attestation is a tuple

Air = (H(c;), H(c), T, J,r.eov),

where T identifies the transformation applied, J identifies the adjudication regime used,
r € {preserved, not_preserved, outside_regime} is the result, and e is supporting evidence.
The result alphabet is deliberately the protocol-level image of Dx’s output:

preserved <> PRESERVED, not_preserved <> NOT_PRESERVED_UNDER_R,

when J is a certified rewrite regime, generalizing to any regime, formal or informal, that
supplies a comparably disciplined result. The value outside_regime is the protocol-level
image of OUTSIDE_CERTIFIED_FRAGMENT; it must never be silently converted into either of
the other two values by any downstream consumer of the manifest.
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13.6.2 Layered Architecture and Signature Semantics

The protocol separates three layers: artifact, robust commitment, and signed manifest. The
artifact is whatever document a reader encounters; the robust commitment is a compact
signal embedded in or attached to the artifact, carried by any sufficiently robust technol-
ogy, a statistical text watermark, an image or audio watermark, a content-credential field, or
ordinary file metadata, the protocol being agnostic to the carrier; the manifest is a signed,
append-only document containing the full claim graph. Separating these layers means a
scholarly document’s entire dependency graph need not be encoded steganographically in-
side the artifact itself: the embedded commitment need only be robust enough to survive the
expected transformations and locate a manifest that can be fetched and reasoned over sepa-
rately. A claim published with no verification records can later acquire one, and if a proof is
subsequently found to rely on an error, a further verification record with r = rejected is ap-
pended rather than the earlier one being deleted, preserving an append-only epistemic his-
tory rather than a single mutable verdict, in exact correspondence with Chapter 10’s history-
integrity contract.

The protocol defines three signature roles that must never be represented by the same key
or the same manifest field. An assertion signature means that a party asserts a claim record
as stated, saying nothing about whether that party verified, generated, or merely transcribed
it. A verification signature means a verifier performed a specific method against a specific
representation and obtained a specific result, saying nothing about whether the method is
trustworthy for the claim type in question. A transformation attestation signature means the
attesting party asserts a specific correspondence judgment under a specific regime, saying
nothing about whether that party was authorized to use that regime for that claim type.

Proposition 13.6 (Non-conflation). No manifest entry may be interpreted as satisfying more than
one of the assertion, verification, and transformation-attestation roles unless it carries the correspond-
ing distinct signature for each role it claims to satisfy.

13.6.3 Policy Layer and Dependency Propagation

A transformation attestation is meaningless on its own; it must additionally be established
that the attesting verifier was entitled to use the invoked adjudication regime for a claim of
the relevant type. For each epistemic type 7, a policy P- = (J-, V7, Q) specifies the accepted
adjudication regimes, the accepted verifiers and their trust roots, and a quorum or assurance
requirement. Authorization and correspondence are two separate predicates that must both
hold: P, - V authorized to issue judgments under J, distinct from V + Cj(c,c’). Verifi-
cation inheritance is defined conditionally, requiring an existing verification, a preserved
transformation attestation, and satisfied authorization and quorum conditions together:

V(ei) N Ajp = preserved A J € J, A Vay €V, A Q, satisfied = Vip(c)).

Absent any one of these conditions, in particular absent an explicit transformation attestation
atall, V(¢;) # V(). This is the protocol-level statement of the theory’s central discipline:
persistence of a robust locator across a transformation is never, by itself, sufficient grounds
for inheritance.

The typed dependency edges support role-parameterized closures. For a role set

p C {semantic, interface, proof_term},

Support ,(c) and Affected,(c) are the corresponding reachability closures over the depen-
dency relation. A policy-qualified verification query asks whether every claim a target claim
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semantically depends on satisfies a given verification policy, Verifiedp(c) <= Vd €
Support {semantic}(c), V(d) = P. The restriction to the semantic role is deliberate: a proof-
term or interface dependency need not be load-bearing for what a claim actually asserts, and
a protocol implementation that evaluated this query over the unrestricted union of all three
roles would over-count, treating auxiliary structural dependencies as though they were con-
stitutive of meaning. This is a precise, typed instance of the four-way continuity distinction
Chapter 12 developed informally for the MEM|8 family: nominal, genealogical, structural,
and behavioral continuity are, in effect, four different candidate role sets for the same un-
derlying question, and conflating them produces exactly the kind of over- or under-counted
verification status this role restriction is built to prevent.

13.7 Conclusion

The correspondence problem this chapter isolates is undecidable in general, decidable within
an honest and non-trivial fragment, and, outside that fragment, resistant to being silently col-
lapsed into either a positive or negative verdict without manufacturing a claim the under-
lying theory does not support. The Claimshift protocol does not solve the correspondence
problem; it represents whichever of the three outcomes actually obtains, with its adjudicator
properly authorized under an explicit, claim-type-indexed policy, and refuses, as a protocol
invariant rather than a best practice, to convert an outside-the-fragment result into a judg-
ment it did not earn. The practical consequence is a design constraint rather than a system:
any mechanism for verification inheritance under transformation, however built, must ex-
pose the boundary between what it can certify and what it cannot, rather than letting the
survival of a pointer stand in for the validity of what it points to. This is the same discipline
Chapter 10 enforces for commitment and Chapter 12 enforces for consequence, applied here
to the specific case of a claim surviving, or failing to survive, its own transformation.



Chapter 14

Model Capsules and Ternary Learning

14.1 The Deployment-Gap Problem

Chapter 13 treated the question of whether a claim survives its own transformation, formally
and in general. This chapter treats a specific, concrete instance of the same question, closer
to the machine than to the document: whether a trained model’s deployed behavior sur-
vives the transformations, quantization, export, kernel substitution, tokenizer binding, that
separate optimization from execution.

A conventional model pipeline often contains several non-identical machines. Optimiza-
tion uses floating-point shadow weights and training kernels; export applies quantization
and layout conversion; inference invokes a separate runtime; and deployment adds platform-
specific tokenization, scaling, memory, and scheduling behavior. Every transformation can
preserve average benchmark performance while changing individual outputs, numerical sta-
bility, latency, or failure behavior. The relevant object is therefore not merely a parameter
tensor 0, but the complete deployed computation,

F = (G? Q? S7T7 K7R7P)7

where G is the graph or bytecode, ) the weight alphabet and packing rule, S the scale meta-
data, T" the tokenizer and preprocessing state, K the kernel semantics, R the runtime con-
tract, and P the execution policy. Two artifacts with identical ternary weights can still im-
plement different functions when any other component differs.

Deployment-native training does not require every training operation to be low precision.
Gradient accumulation and optimizer state may remain floating point. It requires that the
forward operator used to estimate the task loss faithfully reproduce the discrete weights,
scales, rounding, saturation, activation treatment, and layer ordering that will be used after
export.

Deployment drift separates into components arising at distinct stages of the pipeline,
each admitting a different remedy. Representation drift arises when the forward opera-
tor used for loss estimation differs from the exported operator, most commonly through
a mismatched straight-through surrogate or an export-time rounding rule not exercised in
training. Kernel drift arises when the mathematically specified operator is realized by dif-
ferent low-level implementations across devices, for example a fused kernel that reorders
accumulation and changes rounding under finite precision. Preprocessing drift arises when
the tokenizer, normalization, or templating logic bound to the training data differs from the
version bound to the runtime capsule, which can change token boundaries without chang-
ing any weight. Scheduling drift arises when batching, padding, or caching strategies at
inference time alter numerical results relative to the unbatched computation used during
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evaluation. These four sources are not mutually exclusive and can partially cancel or com-
pound; a pipeline that reports only aggregate deployment disagreement without attributing
it to a source cannot say which remedy would help.

14.2 Ternary Parameterization

Let a layer maintain real-valued shadow parameters W € R™*" while executing a ternary
forward matrix W. A simple symmetric quantizer uses a scale o > 0 and threshold A > 0:

-1 z<-A
Wij = a-q(Wij/a), q(r) € {-1,0,+1}, qg(z) =40 |z|<A
+1 z> A.

The ternary symbol requires log, 3 ~ 1.585 bits of information under a uniform code, al-
though practical packing may use two physical bits per weight or block encodings with
amortized overhead; calling the representation strictly one-bit is therefore imprecise. Its
computational appeal is that multiplication by a ternary weight reduces to signed accumu-
lation and omission, subject to the cost of scales, activation arithmetic, packing, memory
movement, and kernel dispatch. Training commonly uses a straight-through approxima-
tion because ¢ is piecewise constant: the backward pass substitutes a surrogate derivative
for 9q/OW , which means the learned solution depends on the surrogate, clipping rule, scale
estimator, and update schedule, so reproducibility requires recording these rules, not only
the final packed weights.

The symmetric, per-tensor quantizer is the simplest member of a larger family, and the
family member chosen is itself part of the deployment specification F' rather than an in-
cidental training detail. A per-channel quantizer assigns an independent scale o, to each
output channel, reducing quantization error on layers with heterogeneous weight magni-
tude at the cost of storing a vector of scales rather than a scalar; the capsule manifest must
then record the reduction axis and count, since a runtime that assumes a single scalar scale
will silently misinterpret a per-channel capsule rather than failing loudly. An asymmetric
variant introduces an offset 3, producing reconstruction levels {5 — «, 3, 3 + o}, which is a
three-level operator rather than a zero-centered ternary weight in the sense used elsewhere:
signed accumulation eliminates multiplication only when the reconstruction levels are ex-
actly {—1,0,+1}, so a deployment adopting the asymmetric variant should report it as a
distinct operator with its own efficiency profile.

Deployment equivalence itself needs a measurable definition. Let firin(x; 6) denote the
forward pass used while training and fun(x; C') the runtime evaluation of a serialized cap-
sule C. For a test distribution D,

Sout = PrD [arg max firain(; ) # argmax frun(z; C)],

||ftrain(x; ‘9) - frun(ﬂf; C)HQ
Hftrain(35§9)||2 +e

5num - EIND

Exact bitwise agreement may be unrealistic across heterogeneous devices, but token-level
disagreement, normalized logit error, and task-level divergence are measurable, and a pipeline
should state which equivalence criterion it promises and on which platforms it has been
tested.
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14.3 The Model Capsule

The deployable unit should be a self-describing capsule rather than an unstructured weight
file, binding executable semantics to model state and supporting hashing, signature veri-
fication, compatibility checks, and deterministic reconstruction. Its required components
are a manifest recording format version, model identity, hashes, license, and provenance;
a program, typed bytecode or a restricted graph specifying computation independently
of host-language objects; parameters, packed ternary weights and scale blocks preserving
the executed representation; a text interface, tokenizer, normalization, vocabulary, and tem-
plates, avoiding silent input mismatch; a runtime contract specifying operators, numerical
rules, memory limits, and ABI, making compatibility testable; and evidence, an evaluation
summary, calibration set hash, and build attestation recording what has actually been mea-
sured. A capsule should not contain arbitrary native code. A restricted instruction set with
bounded tensor shapes, declared memory, immutable parameter regions, and explicit op-
erator versions is easier to validate and isolate. The signature authenticates the bytes and
declared producer; it does not establish model quality or safety.

A capsule format that changes without a disciplined versioning rule reintroduces the de-
ployment gap it was built to close, since a runtime and a capsule produced under different
silent assumptions can both parse successfully while disagreeing on semantics. A work-
able convention assigns three independent version fields to the manifest: a format version
governing the container schema itself, a contract version governing the runtime operators,
numerical rules, and ABI, and a content version identifying the specific trained artifact. A
conservative runtime may require exact format-version equality. Contract versions should
be compared under a declared compatibility relation, for example a runtime advertising con-
tract version v accepting any capsule declaring a contract version in a closed range [vmin, v]
that the runtime publishes, so older capsules remain executable under runtimes that have
only added operators and newer capsules are refused rather than silently misexecuted. Con-
tent versions carry no compatibility semantics of their own; they exist so that two capsules
with identical format and contract versions can still be distinguished, hashed, and compared
for provenance. Refusal is warranted whenever the contract-version range test fails; accep-
tance is not warranted merely because the capsule parses. This three-field versioning scheme
is a concrete instance of Chapter 13’s claim-type policy layer, applied to a model artifact
rather than a scholarly claim: format, contract, and content versions are, respectively, an
admissibility check, a compatibility-regime check, and a provenance identifier, exactly the
three roles that chapter kept deliberately separate.

14.4 Channels as Streams of Executable Models

Typed channels normally transport values between concurrent processes. If a channel value
is a model capsule, the receiving process can validate it, allocate a fresh arena, bind inputs,
and execute the declared graph. The channel then represents a stream of parameterized
computations. This is best understood as mobile model description, not mobile authority:
receipt of a capsule must not grant filesystem, network, process, or device access.

send(C') — receive(C) — verify(C) — allocate(A) — execute(C, A, x) — v.

Fresh arenas provide useful isolation between invocations, eliminating accidental reuse of
mutable intermediate state unless it is explicitly declared and transferred. They do not by
themselves prevent denial of service, side channels, malformed-shape attacks, or vulnera-
bilities in the verifier and kernels.
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Let a receiver state be o = (A, M, V'), where A is the available arena, M the admitted
capsule set, and V' the runtime version. The transition Exec(C, ) is admissible only if the
capsule signature and hashes verify, its declared operators are supported by V, its maximum
memory and instruction budget fit A, and its input contract accepts x. Execution occurs in
a new arena A’ and returns either a typed result y with an execution record e, or a typed
refusal r:

(0,C,z) = (0,y,€) or (0,C,z) = (o,r).

Refusal is part of the protocol, not an exceptional accident, in precisely the sense Chapter 11
argued refusal must be a first-class, non-punitive outcome rather than an absence of produc-
tion. The execution record should include capsule hash, runtime hash, device class, input
hash or privacy-preserving reference, start and end times, resource counters, and result sta-
tus; sensitive inputs and outputs need not be placed in the record.

14.5 Continuous Data Loops and Feedback Hazards

Repeated training on self-generated text can narrow linguistic and conceptual diversity, am-
plify systematic errors, leak evaluation material, and reward artifacts of the validator. A
robust loop therefore keeps an immutable external evaluation set, retains real or indepen-
dently sourced data, measures duplication and source concentration, records ancestry be-
tween examples, and limits the number of generations through which unsupported claims
can propagate:

Dt+1 = Rt U Ht U {Z € Gt : ‘/t(Z) = accept},

where R; denotes independently sourced material, H; human-reviewed examples, G; gen-
erated candidates, and V; the versioned validator. The decomposition makes it possible to
report performance by data origin rather than obscuring the synthetic fraction in a single
aggregate.

The scientifically defensible version of an open-versus-private service uses the same
training protocol, acceptance tests, and reporting schema in both modes. The variable being
purchased is isolation and operational control, not a higher standard of evidence. Public
runs may publish data, configuration, metrics, and artifacts; private runs keep customer
data and outputs inside a customer-controlled enclave while emitting only the attestations
and reports the customer authorizes. Bring-your-own-cloud deployment reduces custody
by allowing the customer to own accounts, encryption keys, logs, storage, and teardown, but
it does not eliminate trust: the customer must still assess the supplied code, binary prove-
nance, infrastructure declarations, dependencies, and operator access paths.

14.6 Security and the Trusted Computing Base

The relevant adversaries include a malicious capsule producer, a compromised build de-
pendency, an operator with excessive cloud privileges, a customer dataset containing se-
crets or prompt injections, and an external party observing timing or resource use. The
trusted computing base should therefore be as small as practical: parser, verifier, alloca-
tor, operator kernels, signature implementation, and the mechanism enforcing resource
and I/O policy. Malformed capsules are controlled by canonical parsing, shape validation,
and fuzzing, with residual risk in verifier or kernel vulnerability; arbitrary code execution
is controlled by restricted bytecode with no native extensions, with residual risk in bugs
among the permitted operators; resource exhaustion is controlled by static bounds and run-
time quotas, with residual risk in adversarial worst-case scheduling; training-data leakage
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is controlled by access controls, minimization, and memorization tests, with residual risk
that inference-time extraction remains possible; supply-chain substitution is controlled by a
pinned closure, hashes, signatures, and reproducible builds, with residual risk in a compro-
mised trusted source or key; and cross-job contamination is controlled by fresh arenas and
tenant isolation, with residual risk in hardware and timing side channels. Privacy is a prop-
erty of the complete workflow, not a synonym for running in a private account; it requires an
explicit data-retention policy, logging policy, key ownership model, access review, egress
controls, incident procedure, and deletion verification, and neither differential privacy nor
confidential-computing hardware should be implied merely by the word “enclave.”

Shrinking the trusted computing base is only useful to the extent that the cost of ex-
ercising it stays bounded, so a deployment claim should report the verification overhead
alongside the security boundary. Let ¢, denote the cost of the parse-and-verify step for a
capsule and ¢, the cost of subsequently executing it once. The relative verification over-
head ¢,/(c, + ¢z) is large and largely irrelevant for a capsule executed many times after a
single verification, but it dominates the cost of a workload streaming many distinct small
capsules through a receiver, verifying each once before a single execution; the two regimes
should not be reported under one aggregate latency figure. A related and separable cost
is re-verification triggered by contract-version changes: a runtime upgrade that narrows its
accepted contract-version range can force re-verification or outright refusal of a large pre-
viously admitted capsule population, an operational cost of the versioning discipline that
should be planned for rather than discovered at upgrade time.

14.7 Experimental Program and Falsifiable Claims

The architecture should be tested through preregistered comparisons rather than demonstra-
tions alone. The primary baseline is a conventional floating-point training and post-training
export pipeline; the deployment-native condition uses the target quantizer and runtime-
equivalent forward semantics during training, with both receiving matched data, parameter
counts, optimization budgets, and evaluation procedures. Quality and efficiency must be
reported jointly: a speedup measured at lower accuracy, shorter context, a different sampler,
or altered batch size is not a controlled comparison, and energy claims require wall-plug or
device-level measurement rather than arithmetic-operation counts alone.

A useful experimental sequence first verifies byte-level capsule stability and operator
conformance on small networks, then measures deployment disagreement for individual
layers and complete models, then compares ternary-native training with post-training quan-
tization, and only after those controls pass adds capsule streaming, multi-tenant execution,
and the continuous data loop, an ordering that prevents a complex integration from conceal-
ing a basic numerical mismatch. Because oyt and dnum are estimated from a finite evaluation
set, a reported reduction in either quantity should be accompanied by an interval estimate
and a preregistered minimum detectable effect, not a point estimate alone, and a family
of ablations tested against a shared evaluation set should disclose the resulting multiple-
comparisons burden rather than reporting each result as though it were independently sig-
nificant.

The proposal should be rejected or revised if deployment-native training does not re-
duce output disagreement relative to a carefully tuned export baseline; if claimed efficiency
disappears at matched task quality; if the silver-label loop improves its internal validator
while degrading external evaluation; if capsule verification cannot bound resource use; or
if private operation depends on undeclared operator access. Negative results would still
be informative because they would locate the cost of representation alignment and identify
which integration layers provide no measurable benefit, precisely the falsifiability discipline
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Chapter 2 argued a research program needs and a flat-likelihood hypothesis lacks.

14.8 Conclusion

The strongest idea in this architecture is not that ternary cells are miniature intelligent agents
or that channels become fundamentally new objects. It is that a deployed neural computa-
tion can be packaged as a constrained, typed, verifiable program whose discrete represen-
tation is present during optimization, evaluation, transport, and execution. This changes
the unit of reproducibility from a weight file to a complete computational contract, and it is
the material instance, at the level of an actual deployed system, of the same discipline this
Part has developed at every other level: CLIO’s separation of documentary history from op-
erative state, the verify seam’s separation of consequence from rationale, and Claimshift’s
separation of a claim’s identity from its correspondence under transformation all recur here
as the separation of a model’s packed weights from the complete deployment specification
F that determines what those weights actually compute.
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Chapter 15

The Compression Fallacy

15.1 An Old Definition, Asked of a New Case

Part III closed with a model capsule whose distinctive contribution was to bind a deployed
computation’s discrete representation to the machinery required to execute it, rather than
reporting the representation’s size alone. This chapter takes up the general question that
binding was built to answer: does a shorter description of something mean that thing has
been better understood?

The computer scientist Daniel Hillis once offered a definition of the information content
of a pattern: the amount of information in a pattern of bits equals the length of the smallest
computer program capable of generating those bits, in substance Kolmogorov complexity
restated for a general audience. What this chapter is concerned with is a further claim the
definition has often been taken, by others, to support, though it is not one Hillis himself
is on record as drawing: that a system which produces a shorter description of something
has thereby understood that thing better than a system producing a longer one. The claim is
rarely defended directly. It is simply assumed, in the background of arguments about which
model of a phenomenon is the better model, which representation of a domain is the more
insightful representation, and, increasingly, in discussions of large trained models, which
network has learned the most genuine structure rather than having merely memorized sur-
face statistics.

Forth, an unusually terse programming language whose devotees have long pointed to
Hillis’s definition as evidence of the language’s virtue, supplies an unusually clean test case,
because Forth’s brevity is well documented, uncontroversial, and produced by a mechanism
that is easy to state precisely: word-factored Forth code is short because a Forth programmer
builds a library of named operations, words, and subsequent code invokes them rather than
re-deriving them. A task solved in Forth after such a library exists can be several times
shorter, in raw character count, than the same task solved in a general-purpose language
without access to an equivalent library. The question is not whether Forth code is short;
that is not in dispute. The question is what that shortness is evidence of, and whether it is
evidence of the thing Hillis’s definition, read the way it is usually read, would have it be
evidence of.

This chapter argues that it is not, and that the same gap separating Forth’s brevity from
Kolmogorov-optimal description separates, more consequentially, model compactness from
model understanding wherever the comparison is drawn.
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15.2 Coding Length and Distinguishing Capacity

A general framework for measuring representational capacity takes as its basic object not a
set of items to be described, nor a description language considered on its own, but the pairing
of the two together with a notion of when two items count as the same for the purposes at
hand.

Definition 15.1 (Ontological triple). An ontological triple (X, ~,T') consists of a set X, an
equivalence relation ~ on X specifying which elements are treated as observationally indis-
tinguishable, and an ontology 7: a description language, or template hierarchy, determining
which descriptions of elements of X are actually reachable, as opposed to merely existing in
principle.

The distinction between what a description language can express in principle and what
it can reach in practice, given the templates and operations it has already accumulated, is the
hinge the rest of this chapter turns on. Two deficits are defined over this structure, and they
measure different things. The coding deficit of an object =, written d7(x), is the excess length
of the shortest description of = reachable within 7" over the Kolmogorov-optimal description
length of z, the length of the absolute shortest program capable of generating z, independent
of any particular ontology. The distinguishability deficit of x, written Ar(x), is a different
quantity: let Dy (z) denote the distinguishing capacity of T" at x, the number of other objects
that can be separated from x by descriptions reachable in 7', and let D*(z) denote the maxi-
mum such capacity attainable by any ontology whatsoever. Then Ay (z) = D*(z) — Dr(z).
The coding deficit asks how much longer a description is than it needs to be. The distin-
guishability deficit asks how much distinguishing power has been lost. Nothing in the def-
initions forces these two quantities to move together, and the relationship between them is
the object a theorem is required to establish.

An ontology decomposes as a triple ' = (Ep, M7, Or): an encoder Ep : @ — {0,1}*
over the semantic quotient ) = X/ ~, giving each semantic class its reachable description;
background machinery My, the accumulated templates, interpreter, or structure constants
required to produce or use those descriptions in the first place; and an operational repertoire
Or, the set of operations computable directly over the encoded representations without first
decoding back to Q.

Definition 15.2 (Three coordinates of a representation). Distinguish three properties: the
description magnitude Ly (¢) = |Er(¢)|; the distinguishing structure Pr = @/ ~r, where
q ~r r <= Er(q) = Er(r); and the operational repertoire Or. These measure different
properties of T', and equality or improvement in one does not, without an additional cou-
pling assumption supplied from outside the definitions, imply equality or improvement in
either of the others:

Lt # Pr, Lt # Or, Pr # Or.

15.3 Lossless Compression Does Not Imply Ontological Economy

Before turning to the machine-learning case, it is worth addressing the objection this ap-
paratus invites immediately: doesn’t lossless compression preserve all the information in a
representation, so that a shorter lossless encoding must preserve every distinction the longer
one did? At the level of static distinguishability this case is straightforward. A ZIP archive
can become dramatically shorter than the file it compresses while remaining perfectly in-
vertible: its encoder is injective on (), so ~7 collapses nothing, and Dr(q) is maximal for
every ¢. Lossless compression is accordingly not a counterexample to static distinguishabil-
ity preservation.
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What the ZIP case exposes instead is the third quantity, Or. That two encoded objects
remain distinct, in the static sense Dy measures, does not imply that every relation of in-
terest between their uncompressed contents remains directly computable over the encoded
representations themselves. Two compressed files can be told apart trivially, their bitstrings
differ, without any geometric or relational property of what they contain being available for
comparison until both are decompressed; if decompression is not itself among the opera-
tions Or makes native, those relations sit outside Or even though Dy is already maximal.
Description magnitude, distinguishing structure, and operational repertoire are logically in-
dependent properties of an ontology, and a lossless archive is the case in which the first
two are already exemplary while the third remains, until an inverse transform is paid for,
essentially empty.

The converse case rules out the opposite inference. An extremely verbose database,
one that stores every field of every record with no compression whatsoever, can distin-
guish every member of its domain perfectly despite being terribly compressed: dr(x) large,
Ar(z) = 0. Nobody encountering such a database concludes that its size is evidence against
its usefulness, because nobody was using size as a proxy for distinguishing power in the first
place; the intuition that a bloated schema is not thereby a poorly understood one is the in-
tuition this chapter is asking to be extended to the cases, sparse latent codes, monosemantic
feature dictionaries, where the opposite inference is currently made routinely.

154 Compression Relative to What?

A further assumption is buried in any claim that a representation is short: short relative
to what reference machinery. Kolmogorov complexity has its invariance theorem, which
guarantees that the choice of universal machine affects L*(x) by at most an additive con-
stant independent of z, but that guarantee is asymptotic, and practical comparisons between
representational systems are made nowhere near the regime in which an additive constant
can be safely ignored. Writing Ly;siple(q) = L7(q) for the quantity ordinarily reported and
Lsystem(q) = L(Mr) + L1(q) for the full cost,

Lr,(q) < Ln(q) # L(Mrp)+ Lry(q) < L(Mz,) + Ly (q)-

Forth makes the point vivid: the token F0O is three characters, but the definition of FOO to-
gether with the words it depends on can represent thousands of characters of accumulated
machinery. Reporting the visible length without the machinery is not measuring a smaller
quantity than the full system cost; it is measuring a different, incomplete one. The same
separation generalizes past Forth without alteration: a short latent code in a trained autoen-
coder can depend on a decoder with billions of parameters, and reporting the latent code’s
length while omitting the decoder’s is the identical move under a different name.

Proposition 15.3 (Machinery Displacement). Let Q = X/~ be finite. There exists an ontology
Ty = (E3, My) in which every q € Q has a fixed-width description of length [log, |Q|], while the
machinery required to interpret those descriptions contains the corresponding lookup structure. Con-
sequently, reducing the per-object description length does not by itself establish that representational
complexity has been eliminated rather than displaced into background machinery.

Enumerate @ = {qo, . . ., ¢n—1} and define E5(g;) = binjig, (i), with M; containing the
correspondence between indices and the classes they denote. Every encoded object then
has the same short description length, while interpreting those descriptions presupposes
the correspondence stored in Ms. The question worth asking of any short description is
accordingly not how short is it, but what machinery must already exist for it to recover the
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object it names. A shell command invokes an entire operating system. A Forth word invokes
its dictionary. A latent vector invokes a decoder. A theorem invokes its definitions and
lemmas.

15.5 Description-Length Non-Identification

Proposition 15.4 (Description-Length Non-Identification). Let QQ = X/ ~ be finite with |Q| >
3, and let ¢ € Q. Then: (i) for every pair (¢, k) with ¢ > 1and 0 < k < |Q| — 1, there exists an
ontology T with Lr(q) = ¢ and Dr(q) = k; and (ii) for each relation R € {<,=,>}, there exist
T, Ts with LT1 (q) < LT2 (q) and Z)T1 (q) R l)T2 (q)

Let n = |Q|. For (i), choose a subset C' C ) containing ¢ with |C| = n — k. Define the
encoder so every element of C receives the same description s of length ¢, and assign every
element of @ \ C a description distinct from s and from every other such description, which
is always possible since {0, 1}* is infinite. The encoder-induced class of ¢ is then exactly C,
so Dr(q) = k and |Er(q)| = {. Statement (ii) follows by applying (i) twice with ¢; < {3 and
k1, ko chosen so that k1 R ko.

A fully worked instance, fixing @ = {a,b,c} and comparing five encoders at ¢ = aq,
makes the construction checkable directly. A total-collapse encoder gives (L, D) = (3,0);
separating a alone from b, c merged gives (1, 2); grouping a with b gives (2, 1); an injective
two-character encoding gives (2,2); and a padded injective four-character encoding gives
(4,2). Comparing the third and fourth: equal length, unequal capacity. Comparing the sec-
ond and first: shorter length, strictly higher capacity. Comparing the third and fifth: shorter
length, lower capacity, the case ordinary usage means by “compression loses information,”
present here as one populated cell among several rather than the only possibility. Compar-
ing the fourth and fifth: shorter injective encoding against a longer injective one, identical
capacity. Every cell of the ordering table is realized by an explicit construction at the same
fixed point; none is left as an existence claim.

‘ compression magnitude does not determine compression topology ‘

Proposition 15.5 (Dynamic non-identification). Let (7})" be a sequence of ontologies over a
fixed finite ), and q € Q. Write ALy = L, ,(q) — L1,(q) and AD; = Dr,,,(q) — D1,(q). With-
out additional constraints linking description length to encoder-induced partitions, sgn(AL;) #
sgn(ADy).

Apply Proposition 15.4 independently at times ¢ and ¢ + 1, choosing ¢;11 < ¢; while
choosing ki, ki1 to realize any desired ordering between them. Differentiating an unidenti-
fied relationship with respect to time does not identify it. A compression-progress account
that reads AL; < 0 as evidence of improving understanding, or a temporary AL; > 0 as
evidence of regress, commits Proposition 15.4’s error once per time step, not avoided by
moving to a derivative.

15.6 The Proxy Theorem as a Conditional Result

A previously proposed result, the Deficit Proxy Theorem, is worth examining as a candidate
additional-assumption case of Proposition 15.4, the kind of result that pins down one point
on an otherwise unidentified surface by adding a specific, checkable assumption. Under an
assumption of faithful encoding, that every distinction a description language can express
costs at least one bit, the theorem states that the distinguishability deficit is bounded above
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by a constant multiple of the coding deficit, with the special case that a zero coding deficit
implies a zero distinguishability deficit: an ontology achieving the Kolmogorov-optimal de-
scription of an object would thereby also achieve the maximum possible distinguishing ca-
pacity for it.

Closer inspection shows even this special case is not secured by the argument given for it.
The step from Kolmogorov-optimality to the claimed conclusion treats generating an object
cheaply and distinguishing that object from an ambient domain as though they were the
same achievement; they are not, and closing the gap would require an additional condition
tying the optimal description length to a maximally distinguishing encoding specifically, a
condition the source result does not supply. The theorem is presented here as a previously
proposed conditional result under examination rather than as an established point this chap-
ter’s own argument depends on. The converse, that a distinguishability deficit of zero forces
a coding deficit of zero, fares no better; it is stated only as a conjecture in its source, resting
on the further, unargued assumption that optimal coding uses every distinction available to
it.

The asymmetry matters because the popular reading of Hillis’s definition uses the coding
deficit as a graded, continuous stand-in for the distinguishability deficit across its whole
range, treating even the strongest available version of the Deficit Proxy Theorem as though
it licensed that continuous use. It would not license it even if its own special case were
secure: an inference from perfect compression to perfect distinguishing capacity is not an
inference that a further reduction in an already-imperfect coding deficit constitutes evidence
of a further reduction in distinguishing capacity.

15.7 Forth and Reachable Complexity

Forth supplies reachable complexity’s first concrete instance: the shortest description of an
object expressible from a description language’s current template hierarchy, which may be
strictly longer than the Kolmogorov-optimal description. A Forth programmer accumulates,
over the life of a project, a library of named words, short, composable operations built from
more primitive ones, each capturing an operational distinction the programmer has found
useful to keep separately addressable. Code written after such a library exists is short be-
cause it is reachable, cheaply, from that library, not because it approaches the description
length that would be achieved by an ontology with no library at all, starting from nothing.
This inverts the naive reading of Hillis’s definition as applied to Forth. The naive reading
takes Forth’s brevity as evidence that Forth programs approach the information-theoretic
floor of the tasks they solve. The reachable-complexity reading takes the same brevity as ev-
idence of something else: that a well-factored library of admissible operations was available
to be reused. Two Forth programmers solving the same task with different accumulated
word libraries will produce differently short code for it, and the difference in length reports
which library was available, not which programmer better understood the task. A compan-
ion result states the point in general form: no valid compression mapping can be constructed
without prior identification of the invariant structure of the space being compressed, and
that identification is itself achieved only through a prior process of expansion, exploration,
iteration, and discovery of which structure is invariant in the first place, developed at length
in Chapter 16. Forth’s terseness is compression in exactly this downstream sense: it presup-
poses the expansion that built the word library, and reports that expansion’s prior existence
rather than the Kolmogorov-optimal floor of the task the short code happens to solve.
None of this counts against Forth. A large, well-factored word library achieving low cod-
ing deficit relative to itself, while the Kolmogorov-optimal length remains a separate and
largely inaccessible quantity, is exactly what a mature, high-distinguishing-capacity repre-
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sentational system should look like. What the coding deficit cannot do, without the further,
unproved direction of the Proxy Theorem, is stand in for a claim about how much of the
task’s true distinguishing structure the library actually preserves.

15.8 The Same Move in Machine-Learned Representations

The informal assumption this chapter has been arguing against is closer to background
theory in contemporary discussions of trained models, where a shorter, sparser, or more
compressed internal representation is routinely treated as evidence of deeper or more gen-
uine understanding. The assumption’s most explicit and most influential statement extends
compression progress well past a technical modeling virtue and treats it as the underlying
currency of understanding itself, a unifying account of curiosity, creativity, and aesthetic
interest in which subjective beauty and interestingness are identified with the rate at which
an observer’s compression of its data is currently improving. If the relationship between
coding deficit and distinguishability deficit is only proven in one direction and only at the
extreme, then a theory that identifies the felt sense of understanding, or beauty, or inter-
est with compression progress at every point along the curve, rather than only at the point
where compression is complete, is claiming a great deal more than the formal relationship
between the two quantities actually licenses.

Two examples make the pattern concrete. The beta-VAE architecture increases a sin-
gle compression pressure, a weighting term on the model’s latent-code cost, specifically
in order to produce latent representations described as more interpretable and as more
faithfully capturing a domain’s independent underlying factors of variation, with the in-
crease in compression pressure offered as the mechanism by which the improvement is ob-
tained. Sparse-autoencoder interpretability work on language models motivates the move
to sparse, low-dimensional dictionaries of features in comparable terms: individual neurons
are described as polysemantic and therefore poorly understood, while the sparse, more com-
pressed feature directions recovered by the autoencoder are described as monosemantic and
correspondingly more interpretable. In neither case is the inference from compression to
understanding stated as an unproven assumption requiring a caveat; in both, it is the stated
motivation for the method.

The apparatus above applies without modification, and the case exposes a further diffi-
culty the Forth case does not. The Deficit Proxy Theorem’s special case depends on faithful
encoding, that every distinction costs at least one unit of representational capacity. Dis-
tributed and superposed representations, of the kind large trained networks are now widely
understood to use, in which a single direction in activation space participates in encoding
more than one feature, and a single feature is encoded across more than one direction, are
precisely representations for which faithful encoding need not hold. Where it fails, even the
weakened special case no longer applies, and a reduction in a representation’s measured
description length carries no guaranteed relationship to its distinguishing capacity at all, in
either direction. The inference from compression to understanding is, in this setting, not
merely unsupported past some extreme; it is not obviously licensed anywhere along the
range where trained models actually operate.

15.9 Overcompression and Catastrophic Identification

It is worth naming directly what happens at the point where the divergence between the
two deficits becomes irreversible. Suppose x1 # x2 but an encoding maps both to the same
representation. Compression has crossed an epistemic boundary at that pair: unless infor-
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mation external to the encoding remains available, the distinction cannot subsequently be
reconstructed. Every compression scheme implicitly asserts that the distinctions collapsed
within its induced equivalence classes do not matter, whether or not that assertion was made
deliberately. The question worth asking of any compressed representation is accordingly not
how much was compressed but which differences the compression declared equivalent, a
question about Pr, not about L.

Definition 15.6 (Task-relative equivalence and overcompression). For a task 7 : X — Y,
definez ~; y <= 7(z) = 7(y). An encoding E preserves the distinctions 7 requires when
E(z) = E(y) = x ~; y, equivalently ~r C ~,. E overcompresses relative to 7 if there
exist z,y with E(x) = E(y) but 7(x) # 7(y).

A statistic S(X) can throw away enormous quantities of raw information while retaining
everything necessary for inference about a specified parameter 6; if S is sufficient for 6, it
does not overcompress relative to §, however much it overcompresses relative to X itself.
Compression, on this reading, is not opposed to understanding; it is meaningful only rela-
tive to a prior decision about which distinctions must survive. The failure this section names
is not compression itself but overcompression relative to some further task the representa-
tion is silently expected to also serve: a representation with ~pC~y mistaken for one with
~pCx.

15.10 Curricula Must Widen

A further difficulty for any theory that identifies understanding, or interest, or progress with
monotonic compression is that the environments in which learning actually occurs are not
found in a state of nature; they are built, and built deliberately simple, for reasons that have
nothing to do with the learner’s understanding having reached some genuine informational
floor. Children are not raised inside the full chaos of an unfiltered natural environment; they
are raised inside environments deliberately constrained to present regularities slowly, pre-
cisely because a learner who cannot yet compress much of anything will fail to learn from an
environment offering nothing but unstructured, simultaneous complexity. The same engi-
neering shows up outside pedagogy for reasons that are economic rather than developmen-
tal: standardized building materials constrain the built environment to a narrow vocabulary
of regular shapes because mass production rewards uniformity, not because simple, recti-
linear spaces are closer to the true shape of anything; roads are built straight because the
vehicles traveling them have limited suspension travel, not because the terrain they cross is
actually simple.

In each case, the low entropy of the environment is a scaffold fitted to the current, limited
distinguishing capacity of whatever is operating within it, not a report on the true complex-
ity of the domain. A scaffold is only useful for as long as the learner has not yet outgrown
it. Once a learner is no longer acquiring anything new from a fixed training environment,
further progress requires increasing the entropy of what is presented, widening Dr(x) to-
ward the distinctions the scaffold had been withholding, not continuing to compress what is
already compressed as far as it usefully can be. A curriculum that only ever simplifies, and
never widens, terminates in a plateau rather than in understanding. This is difficult to recon-
cile with a theory that identifies the drive toward understanding with compression progress
at every point along the learner’s trajectory, since the trajectory that theory describes is one
of steadily increasing compression, while the trajectory that actually produces continued
learning alternates compression with deliberately reintroduced complexity.

A related and sharper difficulty appears within problem-solving itself, on timescales
far shorter than a curriculum. Solving a problem often requires making it more compli-
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cated for a while before it can be made simple: introducing an auxiliary variable that has no
simplifying role on its own but opens a path to one, or embedding a problem in a higher-
dimensional space where a solution becomes visible before projecting the result back down.
A compression-progress account, tracking description length as it evolves along the solver’s
trajectory, would register this intermediate expansion as a local reversal precisely at the
point where the solver is doing the genuine work that will shortly produce the solution.

Developmental research on the explore-exploit trade-off supplies independent, empiri-
cally grounded support for the same structural claim: the distinctive length of human child-
hood is itself argued to be an evolved solution to a tension between exploring broadly and
exploiting what is already known, with early cognition characterized by wide, high-entropy
hypothesis search progressively narrowed only as the demands of goal-directed exploita-
tion increase. On this account childhood is not an inefficient, not-yet-compressed version of
adult cognition working its way toward an adult’s compression; it is a distinct cognitive strat-
egy favoring the preservation of distinctions a purely exploitative learner would discard, for
exactly as long as the developmental trade-off favors exploration over efficiency.

15.11 Understanding Under Intervention

Measuring distinguishing capacity directly rather than inferring it from description length
is still, as stated so far, a claim about a static quantity computed once against a fixed domain.
A stronger and more operational version asks not how many distinctions a representation
preserves at rest, but which distinctions survive when the domain is deliberately perturbed.
Write Dy (x | I) for the distinguishing capacity of 7" at = after an intervention I, and de-
fine the intervention robustness Ry (x,1) = Dy (z | I) — Dr(z). Two representations with
identical description length, or even identical distinguishing capacity measured before any
intervention, can behave completely differently under I:

LTl(x) = LTQ(x) and DT1(‘7:) = ‘DTQ('/’U) s DTl(I ’ I) = DTQ(x ‘ I)'

A geometric construction examined in Chapter 18, in which rotational equivariance follows
from an algebraic identity of the geometric product rather than being an empirical regularity
discovered by training on many rotated examples, supplies a motivating case that is unusu-
ally clean because the claim being tested is architectural rather than statistical: intervention
robustness under rotation is there provable from the representation’s algebra, not merely
measured empirically. A representation’s distinguishing capacity is revealed by which dis-
tinctions survive admissible transformations of the domain, not merely by how many bits
are required to encode the domain’s resting state.

15.12 What Should Be Measured Instead

Proposition 15.4 establishes that coding length and distinguishing capacity can come apart
across their entire joint range except at one identified point, and the Forth and machine-
learning cases show the gap is not merely possible but ordinary. A practice that measures
the first while reporting conclusions about the second is measuring the wrong quantity al-
most everywhere it is applied. None of this is an argument that compression is irrelevant
to understanding. A system with a smaller coding deficit is, all else equal, a more efficient
one, and efficiency is its own legitimate goal. The correction is a separation of that virtue
from claims about understanding, which should be evaluated against the distinguishability
deficit directly wherever the two quantities can be independently assessed: does the repre-
sentation actually preserve the ability to separate the objects, cases, or outcomes that matter
for the task, rather than merely occupying fewer bits while doing so.
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A useful example already appears in evaluation practice for text summarization. Sys-
tems designed to produce very short summaries confront the obvious fact that brevity can
preserve a coarse overview while eliminating distinctions present in the source; some sum-
marization work supplements automatic overlap measures with separate human judgments
of completeness and cohesion, rather than treating the automatic score as sufficient. The
same system’s central mechanism supplies a more literal instance of this chapter’s appara-
tus: a summarizer that selects short introductory sentences and uses them as pointers into
the rest of the source document exhibits, in the reach a pointer sentence makes available
under a trained selection network, exactly the non-identification Proposition 15.4 describes:
a short pointer sentence can have a large reach given a sufficiently capable selector, and a
longer one can have almost none. The visible sentence is Lr; the trained selector is M7; what
the system is actually engineered to get right is the reach, which the sentence’s own length
does not report. Three routes past the difficulty recur throughout this chapter: ask what
library of prior, admissible distinctions a representation’s shortness is reachable from, and
whether that library actually covers the distinctions the task requires; ask whether a repre-
sentation’s apparent compactness survives an audit for superposition and faithful encoding
before treating that compactness as evidence of anything beyond itself; and, most demand-
ing of the three, perturb the domain and ask which distinctions survive the perturbation,
rather than trusting a static count taken at rest.
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Chapter 16

Compression After Expansion

16.1 The Illusion of Effortless Form

Chapter 15 established that description length does not identify distinguishing capacity, and
that a short representation’s brevity is frequently evidence of accumulated background ma-
chinery rather than proximity to an informational floor. This chapter asks where that ma-
chinery comes from, and what happens to the observer, and to the person exercising a com-
pressed competence, once the process that built it is no longer visible.

There is a persistent pattern in the way human beings perceive completed artifacts. A
finished building, a published proof, a released piece of software, a polished essay, each
presents itself as a coherent, apparently simple object whose internal structure invites little
reflection on the process by which it came to be. Observers encountering such objects tend,
with some consistency, to draw inferences about the difficulty of producing them that track
the apparent simplicity of the result rather than the generative complexity of the process.
This inference is often badly calibrated. It is not, however, a universal law: some finished
objects really were easy to make, and surface simplicity sometimes does correlate with low
production cost. The claim developed here is about a common and consequential bias, not
an exceptionless regularity.

Compression is a constitutive feature of representation: the point of producing a final
form is often precisely to eliminate from view the intermediate steps, failed attempts, and
structural discoveries that preceded it. A proof that displayed every exploratory conjecture,
failed lemma, and notational revision through which it was produced would be unreadable.
But it can be epistemically misleading when the compressed form is mistaken for the primary
form, and when the prior expansion is forgotten or invisible.

16.2 Expansion, Compression, and a Qualified Formal Model

A minimal formal vocabulary states a narrow, conditional version of the asymmetry between
construction and compression. Let a system S be a configuration of components subject to
a constraint set C; a configuration s is coherent if s |= C. Let Q2 denote the space of possible
configurations, and Q9 = {s € Q : s = C}. Cardinality is the wrong instrument for
comparing this set to {2 whenever (2 is infinite, so a measure ;. appropriate to the system is
fixed instead.

Assumption 16.1 (Sparse validity). For the systems considered in this chapter, 1t(Qyaq) /() <
1.

This is not asserted as a law governing all constrained systems; it is a condition satisfied
by many of the domains discussed here, working software, load-bearing structures, valid
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proofs, and the results that follow are conditioned on it holding. Expansion is a process F
acting on an initial configuration, generating a sequence of transformations, trials, or varia-
tions; it is epistemic as much as generative, revealing structure in €)y,3;4 through interaction
with C. Expansion need not be performed by the agent who later benefits from it; it can
be carried out by another person, an institution, a culture, or an earlier generation of a sys-
tem, and its results transmitted rather than rediscovered. Compression is a triple (C, D, ~),
an encoder, decoder, and task-relevant equivalence relation such that D(C(s)) ~ s, possi-
bly subject to bounded distortion; it eliminates redundancy while preserving task-relevant
structure, encoding invariants discovered during expansion and suppressing intermediate
derivations not required to reconstruct behavior up to ~.

Proposition 16.2 (Conditional dependency of compression). In an initially unknown task do-
main, constructing a reliable representation (C, D, ~) generally requires information about which
variations preserve ~-relevant validity. Absent an external source of this information, prior search
by the agent, observation, instruction, or an inherited body of structural knowledge from elsewhere,
such information must be acquired through exploration of 2 near the boundary of Qyauq.

A compression that removes components while preserving ~ requires knowing which
components are invariant under ~ and which are incidental; where this knowledge is not
supplied externally, it can only be established by observing which variations preserve valid-
ity and which do not. The practical corollary is narrower than a universal claim: one cannot,
without access to some prior exploration, one’s own or someone else’s, produce a reliable
compressed representation of a domain one does not yet understand.

This licenses a limiting case worth naming directly, because it clarifies a distinction the
rest of this chapter depends on: between an artifact’s observable fluency and the develop-
mental process, if any, that an agent using that artifact has itself undergone. Consider an
agent whose entire competence in a domain consists of an inherited representation, where
the agent performed none of the exploration that produced it. Large language models are
the clean paradigm case. A model’s fluent, low-latency completions are a compression over
regularities discovered through the effortful, iterative, error-correcting production of the
human text on which it was trained, genuine expansion, performed by many agents over a
long history. The model’s forward pass exhibits the surface signature of relegated perfor-
mance, speed, fluency, the absence of visible deliberation, but nothing in that forward pass
corresponds to an agent’s own trajectory from deliberate monitoring to earned stabilization,
because no such trajectory occurred for the system producing the output. Call this inherited
compression: a representation transmitted to an agent that performed none of the exploration
behind it, as opposed to relegation, where the agent that now executes automatically is the
same agent that once explored deliberately.

A related but distinct case is conditioning: stabilization that is genuinely the agent’s own,
but whose triggering exposure was authored by someone else, as when repeated pairing
engineers a consumer’s automatic response to a brand. The consumer possesses the atten-
tional machinery relegation requires, but the stabilization was not produced by deliberate
practice at solving a task of the consumer’s own. Treating fast, fluent output as evidence
of relegated processing therefore risks a category error: it mistakes a property of an arti-
fact’s presentation for a property of the process that generated it. The relevant questions are
whose trajectory produced the underlying stabilization, by what mechanism, and for whose
objective, the agent’s own task in genuine relegation, another agent’s prior task transmitted
rather than repeated in inherited compression, or a third party’s objective imposed on the
agent’s own stabilization machinery in conditioning.
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16.3 A Probabilistic Asymmetry Between Construction and Dis-
ruption

Proposition 16.3 (Perturbation asymmetry under sparse validity). Suppose sparse validity
holds, and let perturbations of a valid state be drawn from a distribution over ) that is not con-
centrated on validity-preserving transformations. Then a randomly sampled perturbation of a valid
configuration is more likely to leave $)y41q than to remain within it.

This is a genuine probabilistic consequence of sparse validity together with a stated as-
sumption about the perturbation distribution; it is not, by itself, a claim that evaluation is
easier than construction, and the two should not be run together. Detecting that a constraint
has failed can itself be expensive, requiring measurement, proof, or diagnosis that is far from
trivial. Breaking a system, detecting that it has broken, explaining why, and repairing it are
four distinct operations with different cost profiles. What the proposition does support is
narrower and still useful: under sparse validity and a perturbation distribution not aimed
at preserving coherence, maintaining a system in {),5,q requires selecting from a compar-
atively small set of validity-preserving operations, while an unstructured perturbation is
likely to exit that set.

Because compression encodes a system’s behavior only up to ~, compressed representa-
tions are fragile in a specific sense: perturbations that move a configuration outside the re-
gion the encoder was calibrated against can produce invalid decodings, and interpretability
of the compressed form depends on the receiver’s prior familiarity with the domain. This
grounds a further point about evaluative ease. Agents whose primary interaction with a
system is evaluative, critics, reviewers, inspectors, users, typically interact with a system
already inside (2,14, and their task is comparatively local: identify some perturbation that
would move the system into Qiya1iq. Under sparse validity, this local task samples from a
different, and typically larger, region of possibility space than the task of constructing or
maintaining the system in the first place. The apparent ease of finding a flaw is therefore
not, by itself, evidence that avoiding that flaw during construction was equally easy.

16.4 Skill as Internalized Structure: Aspect Relegation Theory

The standard account of expertise as accumulated knowledge and trained performance is
underspecified in a way that limits its ability to explain some of the most striking features of
expert cognition: the disappearance of felt effort, the compression of explanation, and the
gap between expert and novice perception of the same situation.

Definition 16.4 (Task, known aspects, active attention). Let a task ' = {ay,...,a,} be a
finite set of aspects, each corresponding to a constraint, sub-operation, or dependency rele-
vant to successful execution. Let K (¢) C T be the known aspects the agent has represented
at time ¢, whether or not currently monitored. Let the active attention set A(t) C K (t) be the
aspects under conscious monitoring at time ¢, subject to a bounded capacity |A(¢)| < k.

An aspect a; is stabilized to level 1 — ¢ under policy 7 and environment class £ if
Pr(constraint satisfied | a;, 7, &) > 1 —¢:

stabilization is probabilistic and context-relative rather than binary, which is why expert
automaticity transfers unevenly across contexts. The attention update rule is

A(t + 1) = (A(t) \Rt) U Ny U Qy,
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where R; C A(t) is the set of aspects that have met their stabilization threshold and are rele-
gated out of active attention, /V; is a set of newly attended higher-order aspects that become
tractable once capacity is freed by R;, and Q; is a set of aspects, possibly previously rele-
gated, reactivated by uncertainty, novelty, unfamiliar context, or detected error. Learning
is not monotonic under this rule: as lower-level operations stabilize, new higher-order as-
pects can enter via V;, and previously stabilized routines can be recruited back via QQ; when
they fail outside their training distribution. Skilled performance typically retains nonzero
attention at some level, goal selection, anomaly monitoring, strategic coordination, and is
better modeled as a change in what is monitored than as the disappearance of monitoring
altogether.

The dual-process literature distinguishes rapid, autonomous, low-working-memory-load
processing from processing that supports hypothetical reasoning and loads working mem-
ory. A substantial and well-supported class of expert Type 1 performance consists of pro-
cedures that once required controlled attention, were represented in A(t) and governed by
explicit monitoring, and became increasingly autonomous through practice, chunking, and
probabilistic stabilization. This class does not exhaust Type 1 cognition, which also includes
innate, perceptual, affective, associative, and implicitly acquired processes with no compara-
ble history of explicit control; automatic higher-cognitive processes do not arise exclusively
from a history of conscious skill acquisition, and motor-learning research on explicit and
implicit training finds that both routes can lead toward automatic, dual-task-robust perfor-
mance, with some paradigms actually favoring implicit acquisition. Where an expert Type 1
performance does belong to the relegation class, what appears as immediate intuition is, for
that performance specifically, the residue of prior deliberation; the claim does not generalize
to Type 1 cognition as a category.

A candidate neurophysiological correlate, transient hypofrontality in flow states, is worth
stating as a contested hypothesis rather than an established signature. If flow involves re-
duced explicit supervision of well-stabilized sub-operations, some forms of flow may exhibit
reduced activity in neural systems associated with self-monitoring, alongside preserved or
increased activity in task-relevant control systems. Experimental work complicates a simple
prefrontal-withdrawal story considerably: flow has been found associated with decreased
activity in the medial prefrontal cortex and amygdala but increased activity in the inferior
frontal gyri, the anterior insula, the basal ganglia, and the midbrain, a pattern of selective re-
allocation among frontal regions rather than uniform prefrontal withdrawal, and contempo-
rary reviews emphasize network-level reorganization over any single mechanism of blanket
deactivation. Reduced deliberative supervision can arise because supervision is no longer
needed, a stabilized aspect continues to satisfy its constraints unattended, or because super-
vision is impaired while it is still needed, as under acute stress; these two conditions should
not be treated as producing indistinguishable neural signatures, since acute-stress effects on
executive function vary with severity, timing, and task in ways the flow literature does not
report.

16.5 Borrowed Intuition: Provenance and Formation

The relegation model developed above describes competence built through an agent’s own
trajectory. A companion analysis is needed for competence that arrives already compressed,
because the person exercising a judgment need not be the person whose exploration pro-
duced it. Call the resulting capacity borrowed intuition: rules of thumb, diagnostic categories,
precedents, checklists, and trained models can transmit the residue of earlier search without
transmitting the search itself.

Two dimensions must be kept distinct. Provenance asks whether a compression is earned,
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its selection and stabilization depending on the receiving agent’s own trajectory, or transmit-
ted, the relevant selection having already occurred elsewhere and reaching the receiver in
compressed form. Formation asks whether the process by which a competence is acquired
is self-directed, the receiving agent controlling which situations to investigate and which
objectives govern revision, or conditioned, another agent or institution structuring the re-
ceiver’s exposures, feedback, or permissible actions. These dimensions are independent: an
externally conditioned process can still produce earned compression if the receiver acts, ob-
serves consequences, and stabilizes a policy from those consequences, while self-directed
study can remain largely transmitted if the agent chooses which authorities to consult but
does not reproduce or test the inquiry underlying their conclusions.

Definition 16.5 (Borrowed intuition). A competence C; is borrowed to the extent that its
present economy depends upon transmitted compression, and the receiver can exercise
some practical advantage of C; without reproducing the generating trajectories.

On this definition, nearly all mature human competence contains some borrowed compo-
nent; the concept is not intended to divide agents into independent and dependent knowers,
but to identify a variable ordinarily hidden by successful performance. Borrowed intuition
can enter at several stages of a trajectory: the distinctions available, the subset activated by a
situation, the policy governing movement through the activated space, or the relegated dis-
positions themselves. A diagnostic heuristic does not merely enlarge what an agent knows; it
can make certain features salient, demote other possibilities, and change the order in which
hypotheses are tested, structurally different from adding a proposition to what the agent
knows.

Transformation of inherited compression through later experience requires a further,
careful distinction. Synthetic compression is the process by which an agent applies, tests,
combines, revises, or re-stabilizes transmitted compression through evidence generated in
its own subsequent trajectory; it is a process rather than a fifth provenance class, describ-
ing movement within the taxonomy rather than another cell beside earned and transmit-
ted. A procedure does not become earned merely because an agent has performed it many
times: repetition under invariant conditions may strengthen a disposition while providing
little evidence about why it works or whether an alternative would perform better. A post-
acquisition trajectory is discriminating only when it changes the receiver’s relative support
over the candidate policies compatible with the inherited instruction; experience that merely
confirms what every candidate policy predicts may stabilize behavior without clarifying its
basis. This yields a chain of non-implications:

temporary conditioning # retained experience #- stabilized compression.

Proposition 16.6 (Provenance is not erased by synthesis). If a transmitted policy undergoes syn-
thetic compression through a receiver’s later trajectory, the resulting competence may acquire earned
support without ceasing to depend historically upon transmitted structure.

Unless the later trajectory independently reconstructs every distinction and selection ma-
terially contributed by the original transmitted policy, the resulting competence remains
causally dependent upon external compression. Synthetic development can alter the de-
gree and significance of that dependence, but it does not make the originating contribution
disappear. Borrowed intuition is therefore neither a permanent deficiency nor a stage ev-
ery competence must leave behind; a mature competence may be deeply owned, critically
understood, and extensively validated while remaining partly borrowed, which is likely the
normal condition of expertise.
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16.6 Pretrained Systems as a Limiting Case

A frozen pretrained language model provides an unusually clean case of transmitted com-
pression. Its parameters are selected through optimization over a corpus generated by tra-
jectories external to the model; the resulting system can produce fluent continuations, classi-
fications, and explanations without having participated in the investigations, conversations,
and acts of composition from which the corpus arose. A description of an experiment is not
the experiment; a record of a disagreement is not participation in the disagreement. The
model nevertheless benefits from those histories: regularities distributed across the corpus
become available through a compressed parameterization,

external exploration — recorded corpus — parameter compression — present competence.

A purely pretrained model with frozen parameters, no persistent memory, and no post-
training interaction is a limiting case of borrowed intuition. Almost all of its stable com-
petence is transmitted in provenance and conditioned in formation. This claim does not de-
pend on a verdict about consciousness; it follows from the causal organization of the training
pipeline. Even if one attributed understanding or some form of subjectivity to the resulting
system, the provenance question would remain: a capacity can be real while the experience
that made it economical belongs elsewhere.

The limiting case becomes less clean once post-training and deployment are included. In-
struction tuning and reinforcement learning from human feedback alter a pretrained policy
using demonstrations, preferences, and evaluations selected by additional human processes,
introducing new trajectories into the model’s formation without automatically making the
resulting compression self-directed or earned; from the perspective of provenance, this re-
mains largely conditioned, since humans construct prompts, rank outputs, and determine
the objective through which the model is updated. Whether it also counts as earned com-
pression depends on the boundary used to identify the agent: if the training process and the
deployed model are treated as one temporally continuous system, post-training contains lim-
ited cycles of action, feedback, and policy revision; if each frozen checkpoint is treated as
a distinct receiver, the deployed model inherits the result of post-training just as it inherits
pretraining.

This distinction is especially important for in-context learning. A model can alter its
responses when examples or instructions are supplied in the prompt, without gradient up-
dates to its parameters. Such adaptation may be substantial within the active context, but
it ordinarily disappears when that context is removed, and is therefore better described as
temporary conditioning unless the context or its effects are retained. Representing a system
at time t as M; = (Qt, me, Xt)/ persistent parameters, persistent external memory, and cur-
rent context, the system has a retained post-acquisition trajectory only if an observation can
alter a later state, (0¢41,m¢+1) # (6¢, m¢), through a causal update attributable to that obser-
vation. A change confined to x; can modify present behavior without becoming persistent
experience: the system adapted, but it did not retain the adaptation. This is the exact formal
counterpart of the state-versus-context distinction Chapter 10 draws between operative state
o and documentary history H: a documentary transition that extends x; without touching
(0, my) is precisely CLIO’s identity transition on operative state.

16.7 Skill as Compressed Structure

Relegated aspects encode structural invariants discovered through prior practice, and the
felt ease of expert performance corresponds to a small active attention set relative to the full
task, |A(t)| < |T'|, rather than to any reduction in the task’s underlying complexity. That a



16.8. FUNDAMENTAL ATTRIBUTION ERROR AND THE ERASURE OF PROCESS 115

task feels easy to an expert is evidence that the expert has performed enough exploration to
stabilize its recurring structure, not evidence that the task is simple. Relegation introduces
a partial loss of reconstructability: once aspects have left A(t), intermediate steps may no
longer be explicitly representable, and expert knowledge is often operationally accessible
but descriptively compressed, the expert can perform the task while struggling to narrate
how. This explains why expert advice is so often correct for the expert and useless for the
novice: the relegated aspects are no longer visible to the advisor, so the advice skips steps
that are not yet stabilized for the listener.

In commercial and media contexts this becomes more troubling, because compressed
outputs are frequently presented as though no prior exploration were required to reach
them, when the audience’s lack of background is precisely what the compression depends
on to look effortless. There is a useful distinction between compression that is reconstructible
by a prepared receiver and compression that is parasitic on undisclosed prior knowledge,
what might be called epistemic outsourcing: achieving an appearance of simplicity not by en-
coding structure efficiently but by silently delegating the exploratory work to a receiver who
is not equipped to perform it and is not told they must.

16.8 Fundamental Attribution Error and the Erasure of Process

This misperception is amplified by a well-established feature of social cognition. The funda-
mental attribution error describes a systematic tendency to attribute observed outcomes to
dispositional properties of agents, talent, intelligence, character, while underweighting situ-
ational and processual factors. Applied to skill and production, a successful outcome tends
to be attributed to the producer’s intrinsic qualities rather than to the structural conditions
and accumulated exploration that made it possible. This pattern is not irrational given the
available evidence, outcomes are visible, processes typically are not, but the environment is
incomplete, and the resulting attributions inherit that incompleteness.

A related distortion operates at the level of population inference. In many domains
of skilled production, outcome distributions are heavily right-skewed: a small number of
participants achieve highly visible success, and a large majority do not achieve comparable
recognition regardless of comparable effort. Canonization narratives constructed retrospec-
tively tend to read as stories of difficult genius eventually rewarded, a reconstruction that
can suppress the contingency and selection effects that separated the canonized case from
equally capable contemporaries whose recognition never arrived.

The asymmetry formalized in Proposition 16.3 has a direct bearing on this pattern. Where
the apparent ease of locating a flaw is read as evidence that avoiding the flaw during con-
struction was equally easy, the inference overreaches what the proposition actually supports,
since detecting or explaining a failure is not always cheap. What the formal result does sup-
port is narrower: construction and evaluation typically sample from different, and often
differently sized, regions of the space of possible operations, so evaluative ease is not on its
own strong evidence about constructive difficulty, in either direction.

16.9 Laborand the Political Economy of Delegated Constraint Man-
agement

The preceding analysis converges on an asymmetry in how different categories of labor tend
to be perceived and rewarded. Essential work, infrastructural, repeatable, stabilizing labor
such as maintenance, care, teaching, and construction, often manifests as the absence of
failure rather than the presence of a discrete success, and can go relatively unnoticed even
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when it sustains the conditions under which other, more visible production becomes possi-
ble. Wealth confers, among other things, the capacity to delegate constraint management:
supply chains, maintenance schedules, and coordination problems can be handled by oth-
ers and rendered invisible to the person delegating them. This delegation is not inherently
problematic, but its epistemic consequence is a tendency rather than a certainty: delegation
can produce constraint blindness, a reduced capacity to perceive the structural conditions
that make an apparent solution non-trivial, and where it does occur, it tends to produce a
familiar genre of compressed advice, “just do this,” that presents a compressed form pre-
supposing an exploration the listener must still perform but has not been told about.

16.10 The Ethics of Compression

The strong standard, that an ethically compliant compressed representation must preserve,
in principle, the reconstructibility of its actual generative pathway, is too demanding and
in some cases incoherent: a finished mathematical proof need not preserve the psycholog-
ical history of its discovery. Three distinct standards should be kept apart. Logical recon-
structibility asks whether a prepared receiver could, in principle, derive or verify the com-
pressed content from stated premises, independent of how it was actually produced. Practi-
cal teachability asks whether the compressed form gives an unprepared receiver a workable
path toward the competence it represents. Historical provenance asks whether the com-
pressed form accurately represents the actual process, whose labor, how much exploration,
over what period, that produced it.

Requiring all three uniformly is too strong; mathematics regularly and legitimately satis-
ties logical reconstructibility while providing neither teachability nor provenance, and this
is not an ethical defect in a proof.

Definition 16.7 (Non-deceptive compression). A compressed representation is non-deceptive
if it does not affirmatively misrepresent the exploration, labor, or prerequisites that pro-
duced it, whether or not it also satisfies logical reconstructibility or practical teachability.

Three working criteria follow from this narrower standard: non-deception about labor,
representations should not imply, where it is false, that no meaningful prior exploration was
required; appropriate matching of standard to context, a representation should be evaluated
against the standard it actually claims to meet, not against all three at once; and accuracy of
effort distribution, representations should not systematically imply that the observed out-
come is more typical of the underlying attempt distribution than it is.

16.11 Conclusion

Under a stated sparse-validity assumption and a stated assumption about perturbation dis-
tributions, maintaining coherence in a system requires selecting from a comparatively nar-
row set of operations, while an unstructured perturbation is likely to leave that set by an
easier route; this is a conditional probabilistic result, not a universal entropy law. In human
skill, a substantial and well-evidenced class of expert automaticity arises from procedures
that were once deliberately controlled and became increasingly autonomous through prac-
tice, though this class does not exhaust automatic cognition. Observers who encounter only
a compressed result, without its generative history, are consequently prone, not certain, but
prone, to underestimate the exploration that produced it. And where the compressed result
reaches an agent who never performed that exploration at all, borrowed intuition names
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the resulting gap between operational competence and its formative history precisely, with-
out treating the borrowing as either counterfeit or as a deficiency every competence must
eventually shed.

This is the same asymmetry Chapter 15 located in Forth’s word libraries and in trained
models’ latent codes, examined here from the side of the observer and the borrower rather
than the side of the representation itself: a short description is evidence of accumulated
machinery, and a fluent performance is evidence of a stabilization history, but in neither case
does the visible artifact report whose history it was, or how much of it remains available for
the receiver to inspect, revise, or trust.
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Chapter 17

Sparse Recursive Holographic
Steganography

17.1 Introduction

Chapters 15 and 16 examined representations whose brevity conceals the machinery, or the
exploration history, that makes them work. This chapter examines a representation problem
of a different shape: not how to compress a payload, but how to distribute it so that no single
location in a carrier is uniquely responsible for any fragment of it, and partial observation
degrades gracefully rather than failing at a fixed boundary. The architecture developed here,
Sparse Recursive Holographic Steganography (SRHS), replaces the standard one-pass map
from message bits to carrier coefficients with three coupled operations: holographic payload
projection, sparse carrier routing, and recursive residual correction.

Steganographic systems are conventionally organized around a spatial metaphor. A pay-
load is partitioned into symbols; symbols are assigned to pixels, blocks, tokens, frames, or
transform coefficients; a decoder later reads those assignments back. This organization pro-
duces three linked weaknesses. Locality produces brittle failure, since destroying the re-
gion assigned to a payload block destroys that block regardless of how much unused evi-
dence remains elsewhere in the carrier. A one-pass encoder commits to its full modification
before it can observe the realized consequences of any of it, and carrier channels are het-
erogeneous enough that post-embedding transformations are only partially predictable in
advance. Dense modification, finally, wastes distortion on locations that contribute little
reliable information while enlarging the statistical surface available to a detector.

The architecture proposed here replaces symbol placement with field construction. The
payload is projected into a set of correlated measurements, each individually insufficient but
jointly informative about the payload as a whole. These measurements are embedded into
a sparse subset of carrier regions. After each embedding step the system decodes its own
intermediate output, estimates the residual payload error, and selectively revises the carrier.
Computation is therefore recursive, while modification remains sparse at every step. The
term holographic is used operationally rather than by analogy to physical optics: it denotes
distributed recoverability, in which partial observations preserve degraded evidence about
the whole message rather than exact evidence about isolated fragments of it. The term recur-
sive likewise denotes a concrete recurrence with shared parameters and an explicit stopping
rule, not literal self-similarity or unbounded depth.
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17.2 Problem Formulation

Let a cover object be z € &, drawn from a declared cover distribution Dy; let a payload
be m € {0,1}L; and let a secret key be k, drawn from a keyspace large enough to resist
exhaustive search. An encoder produces y = Ey(z, m, k; B), where y is the stego object and
B is a hard distortion budget. A channel transformation 7" ~ 7 may crop, compress, rescale,
transcode, paraphrase, drop packets, reorder frames, or otherwise alter the object before it
reaches the receiver. The decoder returns m = Dy (T'(y), k). A useful steganographic system
must jointly minimize decoding error, perceptual or semantic distortion, and detectability.
For a detector A, define its advantage under equal priors as Adv(A) = |Pr[A(y) = 1] —
Pr[A(xz) = 1]|. Every result below is stated relative to a declared (Dy, 7, B) triple, and no
claim is intended to hold outside such a declaration, a discipline this chapter shares with
the falsifiable-claims requirement Chapter 14 imposed on the deployment-native training
architecture.

17.3 Holographic Payload Projection

A localized representation maps payload block m; primarily to a single carrier region j.
SRHS instead maps the entire payload to a redundant collection of keyed measurements.
An outer error-correcting code first produces ¢ = C(m) € {0,1}", centered as ¢ = 2c — 1 €
{—1,4+1}" to remove a codeword-dependent DC component, and a keyed linear projection
generates

1
- Vn
followed by a bounded quantization u = Q(z). The 1/y/n normalization keeps the expected
measurement energy independent of n. The rows of P, are generated from a cryptographic
pseudorandom seed and normalized so evidence is dispersed across measurements rather
than concentrated in a few of them.

z Pic, P, € RT*™

Proposition 17.1 (Restricted preservation). There exists a family of subsets S C {1,...,q},
occurring with non-negligible probability under the transformations in T, such that the restricted
projection Py, g preserves the pairwise distances among codewords of C up to a bounded distortion
factor §(S) € [0,1): for any two codewords ¢, # ¢, € C with centered forms ¢, C,

(1= 3(9)) lea = @l < [1Pr,s(Ca = e)lI* < (1+8(8)) llea — a1*.

This is a restricted-isometry-type condition, applied here to a finite codeword set rather
than to arbitrary sparse vectors. Since ¢ = 2c — 1, codewords at Hamming distance d satisfy
léa — @l|? = 4d, so the minimum squared distance among centered codewords is 4dmin for
the outer code’s minimum Hamming distance dmin. Under Proposition 17.1, the minimum
squared distance among the normalized measurement images is at least (1 — 0(.5)) - 4dmin /7,
and nearest-codeword decoding over the surviving measurements S succeeds whenever the
aggregate noise satisfies ||ns|| < /(1 — 0(S)) dmin/n. This margin gives a concrete design
target: 0(5) can be estimated empirically on surviving subsets under the declared transfor-
mation distribution and compared against dmin/n, a falsifiable numerical claim rather than
an appeal to the assumption’s plausibility.

Under this construction, the condition for recovery is not that every crop reconstruct
the message exactly. It is that a sufficiently large family of measurement subsets retains
enough rank, or a restricted-isometry-type property, to support decoding. For multimedia
carriers, a view is any transformation that preserves a subset or mixture of carrier evidence: a
crop, a temporal window, a frequency band, a resolution level, or a set of surviving packets;
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training samples multiple views of the same stego object and requires each to predict the
same payload, the learned counterpart of the projection’s algebraic redundancy.

17.4 Sparse Recursive Embedding

Divide the carrier representation into N addressable regions, which may be spatial patches,
wavelet bands, video tubes, audio time-frequency cells, text spans, or learned latent groups.
At recursion step t the system maintains a stego candidate y;, a residual payload state 7,
and a remaining budget b;, initialized as yo = z, 79 = u, by = B. A controller with shared
parameters 1) computes region scores s; = Gy, (F(y¢), 74, be, k), where F' is a carrier feature
extractor. A sparse router selects an active set S; of at most K < N regions; a proposal
network produces a bounded revision A; = Up(F(yt), ¢, k, St), and the carrier is updated
only on the active set:
Y1 = e py (ye + M(Sy) © Ay),

where M (S;) is the active-region mask and Il¢(, p) projects the candidate back into the ad-
missible distortion set around z. The system then performs an internal decode, ;11 =
Dg‘“er(ytﬂ, k), re41 = u — G41. Recursion terminates when the estimated robust decoding
loss falls below a threshold, when the budget is exhausted, or when a fixed maximum depth
R is reached. Because G, Uy, and the internal decoder share parameters across steps, in-
creasing depth increases adaptive computation without increasing parameter count. Each
step is simultaneously an intervention and a measurement: the encoder does not merely add
signal to the carrier, it learns from what survived its own preceding attempt.

Sparsity without recursion commits irrevocably to a single, possibly mistaken, active
set. Recursion without sparsity perturbs the entire carrier at every step and compounds
detectable residue across steps. Their conjunction permits exploration followed by correc-
tion: early steps allocate weak measurements to regions predicted to be safe, an intermediate
decode reveals which payload directions remain uncertain, and later steps address those di-
rections through new regions or revisions of unreliable ones.

Definition 17.2 (Marginal routing value). Let ¢; denote expected payload loss after step ¢
and ¢; ; the cost of revising region j at step ¢. The marginal value of revising region j is

El; — Ciy1 | ]
Ct7j + Adt,j

Ut,j = )

where d; ; estimates the increment to detectability contributed by revising j.

Sparsity is a consequence of most regions carrying low or negative marginal value at a
given state, rather than a constraint imposed for its own sake. Sparse recursion additionally
supports conditional depth: covers with low channel noise can stop early, while difficult car-
riers consume additional steps, converting embedding computation from a fixed per-object
expense into an allocation problem solved per example.

17.5 Training Objective

Training jointly optimizes the projection-aware decoder, the sparse recurrent encoder, and
a population of steganalyzers. For sampled transformations 77,...,7; ~ T, the payload
loss is Lmsg = & > BCE(m, Dy(T}(yr), k)). The fidelity term combines a domain metric
with a feature-space discrepancy, Lgq = dx(z,yr) + a||®(z) — ®(yr)||3. Security uses
an ensemble of detectors, each trained to maximize discrimination, £4, = —E,log(1 —
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Ai(x)) —E,, log A;(yr), while the encoder is trained against the current ensemble using the
non-saturating confusion loss Lsec = —77 >;10g(1 — A;(yr)), which avoids the vanishing-
gradient regime the saturating form produces early in training. Sparse, non-repetitive rout-
ing is encouraged by an ¢y-style penalty on the gate vector plus a cross-step redundancy
penalty, and a view-consistency term requires partial views to agree on the decoded payload
distribution via a symmetrized KL divergence. Training alternates two minimizations, one
over the encoder and decoder parameters jointly with the security and consistency terms,
and one over the detector ensemble, rather than a single min-max expression. The hard
distortion constraint is enforced by the projection Il¢(, p) regardless of whether the learned
penalties are well calibrated, which prevents the optimizer from trading visible carrier dam-
age for payload accuracy under an imperfectly weighted objective.

17.6 Analysis

17.6.1 Graceful Erasure Recovery

Because S is a discrete, bounded index set, recovery probability as a function of |S| cannot be
continuous in the analytic sense, and bounded-noise decoding can exhibit genuine thresh-
olds at the outer code’s correction radius. The claim is stated instead as monotone expected
degradation, which is what the construction actually delivers.

Proposition 17.3 (Monotone degradation under erasure). Suppose Proposition 17.1 holds and
the projected codeword measurements are embedded with independent bounded noise. Let S be a ran-
dom subset of surviving measurements under a sampling model in which each measurement survives
independently with probability 7, and let err(.S) denote the expected outer-decoding error conditional
on S. Then Eglerr(S)] is monotonically non-increasing in m, and no fixed payload block is dropped
as a deterministic function of a predetermined carrier boundary, in contrast to a block-local scheme
in which each payload block fails outright whenever its assigned region is erased, regardless of how
much unused evidence survives elsewhere in the carrier.

Restricting the projection to a larger surviving set weakly improves the preserved code-
word distances, since additional independent measurements can only add information to the
linear system, so 6(.9) is non-increasing in |.S| in expectation under the sampling model, and
the recovery threshold is non-decreasing as |.S| grows. Increasing 7 stochastically dominates
the resulting | S|, so the probability of meeting the threshold, and hence the expected error,
inherits monotonicity in by composition. This result is conditional rather than absolute: an
adversary who removes all informative regions, destroys the carrier outright, or estimates
the key-dependent projection structure can still prevent recovery. Holographic distribution
changes the shape of the failure curve; it does not remove the underlying channel-capacity
limit.

17.6.2 Recursive Dominance Under Uncertain Response

Weak dominance of a two-step encoder over a one-step encoder follows immediately from
policy-class containment: any feasible one-step policy is available to the two-step encoder
as the choice of a zero second update, so the two-step optimum cannot be worse. Strictness
is a value-of-information claim. Model the realized carrier response as an unobserved state
h, drawn from a prior unknown to the encoder before any modification is rendered, and let
the first-step update produce an observation o; informative about h.

Proposition 17.4 (Strict dominance via value of information). The two-step encoder’s opti-
mal expected loss is E,, [ming E[¢(a, h) | 01]], and the one-step encoder’s optimal expected loss is
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min, E[¢(a, h)|. The former is no greater than the latter in general, and strictly smaller whenever oy
has positive value of information for the allocation decision.

The inequality holds in general because the right-hand side is the loss of a single action
chosen without conditioning on o0y, feasible but not necessarily optimal for each realization
of 01; taking the expectation of the pointwise minimum cannot exceed the minimum of the
expectation. Equality holds exactly when the optimal action under the prior remains opti-
mal under every realization of 01, thatis, when 0, carries no information relevant to selecting
the action. This formalization makes explicit what recursion cannot buy: if the internal de-
code is uninformative about the realized channel response, for instance because the channel
is deterministic and already known to the encoder, the value of information is zero and
additional recursion steps yield no improvement in expectation, regardless of added com-
putation. This is the discrete-communications analogue of Chapter 10’s null-intervention
principle: recursion, like suspension, is warranted only when the intervening observation is
actually informative, and both frameworks refuse to treat additional computation or addi-
tional caution as valuable by default.

17.6.3 Sparse Modification and Detectability

Sparsity does not automatically imply security. A large change concentrated in a few regions
can be easier to detect than a small change spread across many. The governing quantity is
the divergence between the cover and stego distributions under the realized modification
policy, not the cardinality of the active set as such. Sparse routing improves the frontier
only when the controller correctly identifies high-capacity regions and respects per-region
amplitude constraints.

Proposition 17.5 (Capacity bound). Let C(B) denote the effective capacity of the transformed
carrier channel under distortion budget B. Reliable transmission of an L-bit payload requires, asymp-
totically and subject to the standard qualifications of channel coding, L < C'r(B).

Projection redundancy, recursion, and learned routing cannot violate this bound; their
function is to move the achievable operating point closer to it by using the available capacity
more effectively, not to relax the bound itself.

17.7 Experiments and Falsifiable Claims

The principal comparison holds cover distribution, payload length, key length, distortion
budget, training transformations, and compute reporting constant across conditions, com-
paring SRHS against traditional transform-domain embedding, a strong one-pass learned
encoder, a dense recurrent encoder, and a sparse non-recurrent encoder. Primary outcomes
are bit error rate after transformation, exact-message recovery rate, detector AUC, calibrated
distortion, and encoding cost, together with the empirical distortion factor 4(.5), estimated
directly and compared against the decoding margin threshold, testing whether Proposi-
tion 17.1 actually holds at the operating point used elsewhere in the evaluation rather than
being assumed to hold because the rest of the pipeline appears to work.

The decisive ablations remove one component at a time: holographic projection, outer
error correction, sparse routing, recurrent residual correction, view consistency, and adver-
sarial security training, with a further control replacing adaptive routing with randomly
selected regions matched for sparsity and distortion. Three preregistered hypotheses de-
fine success: SRHS should lower transformed-channel bit error without increasing held-out
detector AUC at matched distortion and payload; partial-view recovery should degrade
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smoothly with retained evidence, consistent with Proposition 17.3; and recursion should
improve the frontier beyond a parameter-matched one-pass model, consistent with Propo-
sition 17.4. Failure is equally specified in advance: if gains disappear against detectors not
used in training, the method has learned the training steganalyzers rather than stegano-
graphic security; if the projection helps only because it adds redundancy, a conventional
code at matched rate is sufficient; if additional recursion steps offer no gain after compute
matching, adaptive revision is unnecessary; if robustness is obtained only by exceeding the
declared distortion budget, the central claim of the paper is false.

17.8 Security Model and Misuse

Three observers are distinguished, extending the classical warden model of covert communi-
cation. A passive warden attempts to decide whether a carrier contains a payload. An active
warden applies transformations intended to destroy hidden communication while preserv-
ing ordinary utility of the carrier. A forensic adversary may collect many carriers, observe
repeated key use, choose messages adaptively, or train a detector directly against a deployed
encoder. SRHS is designed primarily for robust covert communication against passive and
bounded active wardens; it does not by itself provide payload confidentiality or authentic-
ity, and learned indistinguishability from a trained detector ensemble is not cryptographic
security, since empirical detector failure is evidence relative to a declared adversary class,
not proof against every possible test.

The same capabilities that support covert communication also support legitimate prove-
nance marking, resilient metadata, synchronization signals, and ownership claims, and they
can support malicious coordination or exfiltration. Responsible deployment should include
rate controls, explicit authorization for the carriers used, auditable key management, and
evaluation by independent steganalysts.

17.9 Conclusion

Steganography has largely been posed as a placement problem: determine where to put a se-
cret while changing the carrier as little as possible. Sparse Recursive Holographic Steganog-
raphy poses a different problem: determine how to construct a distributed evidence field
that remains recoverable across partial observations, and then synthesize that field through
a small number of adaptive carrier interventions. Error-correcting projection makes pay-
load evidence global rather than local; sparse routing spends distortion where it carries the
highest marginal value; recursive correction lets the encoder observe the realized channel
response and revise its allocation without increasing parameter count. None of these compo-
nents removes the underlying limits of channel capacity, detectability, or adversarial adapta-
tion. If the stated hypotheses hold under the specified ablations, hidden information would
no longer be identified with particular altered carrier locations; it would become a recov-
erable property of the carrier as a whole, weakly present in many views, strengthened by
aggregation, and written through adaptive computation rather than fixed placement. The
unit of steganographic design would then shift from the secret bit to the secret field, a shift
that mirrors, in an adversarial communications setting, the shift Chapter 6 made from the
state that persists to the continuation structure that survives transformation: in both cases,
the unit worth tracking is not a located point but a distributed, recoverable pattern.



Chapter 18

Clifford FHE as the Inverse
Compression Case

18.1 Introduction

Chapter 15 defined a representation’s three coordinates, description magnitude L7, distin-
guishing structure Pr, and operational repertoire Or, and showed the first two are inde-
pendent while the third is a genuinely separate axis a lossless archive can leave essentially
empty. This chapter closes Part IV with the sharpest available instance of that third coor-
dinate: a case, drawn from an external, independently authored paper on homomorphic
encryption, in which two encodings agree completely on stored values and on static distin-
guishing capacity while disagreeing entirely on what can be computed over those values
without first decrypting them. The reading below is offered in the same spirit as Chapter 8’s
treatment of Buchanan’s contextuality paper: a structural correspondence recognized after
the fact, not a claim that the source paper was written with this monograph’s apparatus in
mind, and every quantitative claim below is attributed to its source rather than adopted as
this monograph’s own.

18.2 The Problem: Flattening Discards Structure

Conventional fully homomorphic encryption (FHE) schemes support arbitrary computa-
tion on encrypted data without decryption, but the standard CKKS scheme, which supports
approximate arithmetic on real numbers, is scalar-only: it has no native awareness of geo-
metric relationships and requires flattening a structured object, such as an eight-component
multi-vector, into eight separate, uncoordinated ciphertexts. Geometric algebra represents
geometric objects through multi-vectors, elements combining scalars, vectors, bivectors, and
higher grades within one unified algebraic framework. In the three-dimensional Euclidean
geometric algebra CI(3,0), a general multi-vector

M = mgy + mie1 + maoez + msez + migei2 + mizers + mageas + mi2zeq2s

combines a scalar, three vector components, three bivector components representing ori-
ented planes, and one trivector component representing oriented volume, eight components
in total. The defining operation is the geometric product ab = a - b+ a A b, associative, dis-
tributive, and generally non-commutative, from which rotations are realized via rotor con-
jugation, v’ = RuR™! (written R ® v ® R in the source paper’s notation), composing more
compactly and more cheaply than matrix multiplication.
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The source paper’s central question is whether geometric data can be encrypted while
preserving its geometric properties, rather than being flattened into scalar arithmetic that
discards them. It answers with Clifford FHE, the first ring-learning-with-errors-based FHE
scheme with native support for all seven fundamental Clifford algebra operations (geomet-
ric product, reverse, rotation, wedge product, inner product, projection, and rejection), and
with geometric neural networks that operate directly on encrypted multi-vectors, replacing
matrix multiplication with the geometric product as the network’s fundamental layer oper-
ation.

18.3 Two Encodings, Identical Values, Different Repertoires

It is tempting to read the headline figure the source paper reports, a 250,000x expansion
between a 64-byte plaintext multi-vector and its roughly 16-megabyte encrypted form, as a
direct instance of the coding-deficit gap Chapter 15 measures. That reading does not hold
up. The expansion is ciphertext expansion, redundancy that ring-learning-with-errors en-
cryption introduces for cryptographic security, not a comparison of description lengths in
the sense d7(z) = Lr(x) — L*(x) is defined in this monograph. A large ciphertext is not
evidence of a large coding deficit, and the size figures should not be read as one.

The more interesting distinction survives this correction, but it belongs to the third co-
ordinate of Chapter 15’s apparatus, the operational repertoire Or, not to Ly or Dr. Two
schemes for encrypting a multi-vector, ordinary flattened CKKS and Clifford FHE, both en-
crypt each of the eight components separately, eight ciphertexts either way; by the defini-
tions of Chapter 15, Dy is unaffected by this choice, since the component values are equally
present and equally distinct under both schemes. What differs is O7: Clifford FHE addi-
tionally encodes a fixed table of structure constants, C;;;, € {—1,0,1} specifying how the
eight encrypted components combine under the geometric product, so that rotation, pro-
jection, and the wedge and inner products become native operations over the ciphertexts,
computable directly rather than only after decryption. The homomorphic geometric prod-
uct computes

Enc(c;) = Z Ciji - Enc(a;) - Enc(b;),
1,J

64 ciphertext multiplications per geometric product, against 512 for the equivalent naive 8 x 8
matrix encoding, an eightfold reduction in operation count that follows from the geometric
product’s structural sparsity, only 64 of the 512 possible term products are nonzero, rather
than from any change in what is stored.

“Discards” overstates what ordinary flattened CKKS does to these relations: nothing
about scalar CKKS makes a rotation mathematically unrecoverable from the eight cipher-
texts, since the component values are all still there and could in principle be recombined
by hand using ordinary scalar homomorphic operations. What ordinary CKKS lacks is the
Clifford structure as a native, first-class part of O7: recovering a rotation from flattened ci-
phertexts requires re-deriving, term by term, an algebra that Clifford FHE simply supplies as
an available operation. The source paper’s own security proof makes the boundary of what
is and is not preserved precise: Clifford FHE's security reduces to CKKS security, since each
multi-vector component is an independently encrypted CKKS ciphertext, so an adversary
breaking Clifford FHE with advantage € can be used to break ordinary CKKS with advan-
tage €/8. The two schemes are cryptographically equivalent at the level of what is hidden;
they differ only in what is computable without first removing that hiding.



18.4. CLIFFORD FHE AS THE INVERSE COMPRESSION CASE 127

18.4 Clifford FHE as the Inverse Compression Case

Chapter 15’s three coordinates, description magnitude, distinguishing structure, and opera-
tional repertoire, define a Pareto-style tradeoff space, and Clifford FHE occupies an extreme
and clarifying point in it. Standard CKKS optimizes for description length by flattening
a multivector into independent scalar ciphertexts, discarding, or more precisely relocating
outside Or, the algebraic structure of the geometric product. Clifford FHE represents the
exact inverse case. It abandons compression entirely, accepting the full 250,000 ciphertext
expansion the source paper reports, precisely to preserve the algebraic structure of geomet-
ric operations natively over the ciphertexts. Thus Clifford FHE is the most mathematically
extreme realization of the compression fallacy’s central thesis: to preserve native, first-class
operational structure, a representation may need to sacrifice essentially all of the compact-
ness that would ordinarily be read as evidence of good design. Representational quality is
a genuinely multi-dimensional frontier, R = L1 x Pr x O, where size and structure can
stand in direct, structural tension rather than trading off along one shared axis.

This also gives Chapter 15’s intervention-robustness apparatus its cleanest available in-
stance. Rotational equivariance in the geometric neural network described below is not an
empirical regularity discovered by training on many rotated examples; it follows from the
algebraic construction itself. For a rotor R and geometric-linear-layer weight W, applying
W & — to a rotated input commutes with rotation by associativity of the geometric product
and the properties of rotor conjugation:

W® (RzR™') = ROW @ z)R™1,

so the layer’s output rotates consistently with its input as an algebraic identity, independent
of any particular learned weights. In Chapter 15’s notation, Ry (z,I) = 0 for I a rotation
is a claim provable from T’s algebra rather than measured empirically on a held-out test
set: a representation’s distinguishing capacity, tested under deliberate intervention, is here
revealed by proof rather than by observation, exactly the sharper standard that chapter’s
closing section recommended over trusting a static count taken at rest.

18.5 The Geometric Neural Network and Its Reported Results

The source paper’s geometric neural network replaces the ordinary layer y = Wz + b with
y = W®x+b, where W, x, and b are all multi-vectors, giving a coordinate-free representation
whose rotational equivariance is structural rather than learned. Because homomorphic en-
cryption supports polynomial operations rather than arbitrary nonlinearities such as ReLU,
the activation function is normalization, Act(m) = m/||m||, approximated homomorphically
by a low-degree polynomial. A three-layer network, one input multi-vector through 16 then
8 hidden multi-vectors to a small number of output classes, was evaluated on encrypted
three-dimensional point-cloud classification across three shape categories, spheres, cubes,
and pyramids, each point cloud reduced to a single multi-vector whose scalar component
encodes average radial distance, vector components encode centroid position, bivector com-
ponents encode principal orientation planes, and trivector component encodes a volume
measure.

The reported results are a 99% encrypted classification accuracy against 100% on the
same task in plaintext, three misclassifications out of 300 encrypted samples, all near class
boundaries, with inference completing in under 60 seconds per sample despite the full ci-
phertext expansion. The reported baseline comparison, a classical multilayer perceptron on
three mean-coordinate features reaching 35% accuracy and failing under rotation, against
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99% for the Clifford encoding, is not a controlled ablation of flattening alone. The two sys-
tems receive different input features: the baseline sees only a centroid, while the multi-vector
encoding is built from richer handcrafted statistics, including average radial distance, princi-
pal orientation planes, and a volume measure. The comparison is suggestive of what an op-
erationally impoverished representation costs, but it does not isolate the effect of discarding
the geometric algebra from the effect of discarding the additional summary statistics, and
should not be read as a controlled measurement of either alone. Separately, the reported
99%-encrypted-versus-100%-plaintext result uses handcrafted rather than gradient-trained
weights on a three-class toy problem, a limitation the source paper states outright, with full
gradient-based training left as future work. What the case actually supports is the structural
claim, that reachable distinctions depend on preserved operations and not merely on pre-
served values, not the specific accuracy figures generalizing beyond this proof of concept.

18.6 Limits and Scope

The source paper is explicit about where the construction stops paying off. Geometric alge-
bras of dimension n have 2" components, so CI(4,0) with 16 components remains feasible,
Cl(5, 0) with 32 components is described as borderline, and CI(6, 0) with 64 components is
described as problematic, since ciphertext count grows exponentially with dimension. Prob-
lems without underlying geometric structure see no benefit from the construction, and the
dense multi-vector representation is reported as inefficient for sparse-matrix problems. Per-
formance remains far from real-time: a single homomorphic multiplication takes approxi-
mately 217 milliseconds on the reported CPU implementation against roughly 50 nanosec-
onds for the equivalent unencrypted geometric product, a slowdown on the order of seven
million times, a gap the source paper attributes to the expense of the noise-management op-
erations, relinearization and rescaling, that FHE schemes require after each multiplication.

18.7 Conclusion

Read against the apparatus of Chapter 15, Clifford FHE is not primarily a compression result
at all, despite its headline expansion figure inviting that reading. It is a demonstration that
a representation’s operational repertoire, its native computability over encoded values, is a
genuinely independent axis from both how many bits the encoding occupies and how many
distinctions it statically preserves, and that this axis can be worth an enormous cost in the
other two when what a downstream consumer actually needs is not the values themselves
but the structure relating them. This closes Part IV’s argument on the same note it opened
on: a representation’s apparent quality, whether measured by brevity, by fluency, or by
cryptographic compactness, is never a single number, and the cases this Part has worked
through, Forth’s word libraries, borrowed intuition’s provenance gap, SRHS’s distributed
secret fields, and now Clifford FHE’s inverted compression tradeoff, are four instances of
the same warning, that the visible artifact rarely reports which of its several independent
coordinates was actually optimized, or at what cost to the others.
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Political Economy and Social
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Chapter 19

Ledgers Without Value

19.1 The Primitive and Its Application

Part IV closed with an argument that a representation’s compactness and its operational
repertoire are independent coordinates, and that optimizing the visible one can come at the
cost of the one that actually matters. This chapter, opening Part V, applies a structurally
identical distinction to economic systems: a ledger’s internal consistency and its productive
value are independent properties, and a system can maximize the first while contributing
nothing to the second.

Blockchain technology introduced a genuine innovation: an append-only, distributed
ledger capable of maintaining a shared history without centralized authority. Each entry is
cryptographically linked to its predecessors, making the record tamper-resistant and verifi-
able by any participant. This is a meaningful primitive, solving a real coordination problem
among parties who share no prior relationship and no shared institutional backing. The
question this chapter addresses is not whether the primitive is useful, but what follows when
it is applied almost exclusively to a specific purpose: the creation and exchange of specula-
tive digital assets. The dominant use of blockchain technology has not been to coordinate
production, reduce friction in supply chains, or establish identity for the unbanked. It has
been to sustain markets for tokens whose value is determined not by what they enable but
by what the next participant is willing to pay.

The central claim is that a ledger can faithfully record who owns what without imposing
any requirement that what is owned corresponds to something of productive value. The
immutability of the record does not validate the coherence of the underlying activity. This is
not a defect in the ledger itself but a consequence of the gap between two distinct properties:
consistency and productivity. Blockchain systems enforce the first with remarkable rigor.
They provide no mechanism for the second.

19.2 Value as Reduction of Work

In the most general terms, a process is economically valuable insofar as it reduces the amount
of work required to sustain or extend some capacity. A hand tool reduces the physical effort
required for a task; a well-designed algorithm reduces the computational effort required
for a calculation; an effective logistics network reduces the organizational effort required
to move materials from production to use. What this thermodynamic conception of value
excludes is equally important: a process that moves resources from one party to another
without reducing the effort required to sustain any capacity does not create value in this
sense. It redistributes existing claims.
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Definition 19.1 (Work functional). Let 2 denote a domain of states and let ¢ : 2 x[0,7] — R
be a field evolving over time. The work functional W[y] is a non-negative functional mea-
suring the total effort required to reconstruct or sustain the field configuration over [0, 7]. A
process is productive if there exists t* € (0,7 such that Wp(-,t*)] < W[e(-,0)].

Definition 19.2 (Log-admissibility). A system is log-admissible with respect to an event log
L if its current state is consistent with every recorded entry in L: for each transaction e € £,
the system state does not contradict the terms of e.

Log-admissibility is what blockchain technology enforces. The chain guarantees that
no entry is added inconsistently, that no prior entry is altered, and that the sequence of
ownership transitions is coherent at the level of the record. This is a strong and genuinely
useful property. It is also, by itself, entirely orthogonal to productivity.

Definition 19.3 (Positive productivity). A system is positively productive if, in addition to
being log-admissible, its aggregate dynamics satisfy W[p(t)] < W[p(0)] for all t > 0, with
strict decrease on some non-degenerate interval.

Proposition 19.4 (Redistribution does not reduce work). Let a system consist solely of transfers
of ownership over a fixed set of assets, with no transformation of the underlying capacity those assets
represent. Then for any admissible evolution of the system, W|p(t)] > W]p(0)] for all t, with strict
inequality if the transfer process incurs nonzero execution cost.

Ownership transfers do not alter the physical or informational structure of the underly-
ing system; they only reassign claims. Any execution of the transfer requires coordination,
computation, or energy expenditure, which contributes positively to the work functional, so
no decrease is possible. The energy costs of proof-of-work mining provide a concrete instan-
tiation: validation alone consumes resources that are not returned in any productive form.
A system can be perfectly log-admissible while being entirely non-productive. The ledger
records every transaction correctly. The transactions themselves generate no reduction in
required work.

19.3 Degeneracy, Not Obstruction

It is worth distinguishing this failure from a different kind of failure in formal systems.
When a system fails due to obstruction, the pathology is its inability to construct a glob-
ally coherent state from locally valid constraints; the system cannot glue its parts together.
The failure of speculative cryptocurrency systems is of a different character. The system is
not obstructed. It coheres perfectly well at the level of the ledger. The problem is not that
no global section exists but that the space of admissible states is too large: many configura-
tions are consistent with the log, and the system provides no mechanism for selecting among
them on the basis of productive value. This is not obstruction but degeneracy: the system ad-
mits too many solutions, with no criterion for distinguishing the productive ones from the
extractive ones. This is a direct economic instance of the same local-consistency-without-
global-selection pattern Chapter 8 examined in a physical and quantum-foundational regis-
ter: TARTAN’s boundary defect asks whether adjacent tiles glue into one coherent structure,
while this chapter’s admissible set asks whether an ownership distribution consistent with
the log is preferentially selected toward anything productive, and in both cases local consis-
tency is cheap while the property that actually matters is not automatic.

Formally, suppose the set of states consistent with a log £ is Adm(£). In an obstructed
system, Adm(L) = @: no state satisfies all constraints simultaneously. In a degenerate sys-
tem, Adm(L) is large, but the subset of positively productive states within it is empty or
measure-zero.
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Proposition 19.5 (Dynamical degeneracy). A system is degenerate if there exists a probability
measure p; over Adm(L) induced by its dynamics such that lim_, pe(Adm™ (L)) = 0, where
Adm™ (L) C Adm(L) denotes the subset of positively productive admissible states.

Speculative cryptocurrency markets are degenerate in this sense. The system’s native
objective, price appreciation under order flow, is orthogonal to the reduction of the work
functional, and therefore provides no selection pressure toward productive configurations.

19.4 The Lottery Structure and Informational Asymmetry

The structure described above has a well-known economic instantiation: the lottery. A lot-
tery aggregates small contributions from many participants and concentrates them into large
payoffs for a few; its defining property is that the expected value for any individual partici-
pant is negative, with the difference captured by the operator. Participation is sustained not
by rational expectation of gain but by the perception of possibility, systematically miscali-
brated, particularly among those with limited exposure to probability and statistics.

Speculative cryptocurrency markets replicate this structure, though with greater com-
plexity and less transparency. Early participants, project insiders, and coordinated actors
occupy positions analogous to the lottery operator: they hold assets acquired at lower cost,
and they realize gains as later participants supply the inflow necessary to sustain or increase
prices. The mechanism known as the “rug pull,” in which project founders liquidate their
holdings after attracting sufficient investment, is simply the most legible version of this struc-
ture. The log records every transaction faithfully. The coherence of the ledger is undisturbed.
What the ledger records is the organized extraction of value from later participants by ear-
lier ones. This is a specific instance of the broader phenomenon of adverse selection under
information asymmetry: insiders with superior information about the underlying state of
a project extract value from participants whose access to that information is systematically
limited. Speculative markets are characterized by self-reinforcing narrative cycles through
which asset prices depart from any plausible connection to underlying productive value,
with highly skewed and fat-tailed payoff distributions in which the majority of participants
experience losses while a few realize dramatic gains.

19.5 Externalization and the Material Ledger

The degeneracy identified above operates not only within the market but at its boundaries.
A complete account of a system’s value must include not only what it produces for partici-
pants but what it costs those outside it. Cryptocurrency infrastructure is not immaterial. The
hardware required for mining and transaction validation is produced through global supply
chains; electronic waste from obsolete mining hardware is processed in settings where en-
vironmental protections are weaker; energy consumption under proof-of-work protocols is
often located where electricity is cheap, which in practice means where the ecological costs
of generation are borne by populations with limited political recourse. The apparent imma-
teriality of digital assets, the impression that value moves without physical consequence, is
an artifact of the ledger’s abstraction, not a property of the system itself.

Formally, let {251,pa1 denote the domain including all materially affected agents. A sys-
tem that appears productive on a restricted domain 2j,., may fail to be productive when
evaluated on Qgopa:

Wleobal [p(t)] > Wleobal [p(0)] evenif Wo,[o(t)] < Wayle(0)]-
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The apparent gains are not reductions in required work but transfers of required work onto
parties who did not consent to the exchange and who are not compensated for it, a pattern
nameable as uneconomic growth: expansion in measured output accompanied by greater
expansion in unmeasured costs, such that the net effect on welfare is negative.

19.6 The Action Functional and Selection Pressure

A productive system organizes its dynamics such that over time it is drawn toward config-
urations that are stable, generative, and low in action: flat regions of the action landscape
where small perturbations do not produce large changes in outcome, and where the sys-
tem can sustain its function without continuous external input. Speculative cryptocurrency
markets exhibit the opposite selection pressure. Price movement attracts attention; atten-
tion attracts capital; capital produces further movement. The system is drawn not toward
stable, low-action configurations but toward sharp, high-curvature structures, temporarily
profitable but intrinsically fragile. The rug pull is the terminal expression of this fragility:
once the high-curvature configuration has been exploited by those best positioned to do so,
it collapses, and the log records the collapse faithfully while the system moves on to the next
configuration.

Remark 19.6. The distinction between log-admissibility and positive productivity maps onto
a broader distinction between consistency and realizability. A system can maintain a consis-
tent record of events without ensuring that the events it records correspond to configurations
that are stable, generative, or productive. Consistency is a property of the log. Realizability
is a property of the world the log purports to describe.

19.7 Non-Productive Labor, Advertising, and Monetized Games

The structure identified in speculative cryptocurrency markets is not unique to that domain.
Non-productive labor, the substantial fraction of contemporary employment involving tasks
whose disappearance would make no material difference to the functioning of the economy
or society, is sustained not because it transforms the system but because it satisfies organiza-
tional, reputational, or financial constraints internal to the system itself. It is log-admissible,
the work is recorded, evaluated, and compensated, but not positively productive.

Definition 19.7 (Non-productive labor). An activity a is non-productive over a domain €2 if,
for all admissible evolutions of the system, W[p(t) | a] > W]p(t) | @], with strict inequality
when the activity incurs execution cost.

Adpvertising occupies a special position because it does not act primarily on the physi-
cal or informational structure of a system, but on the constraint landscape through which
decisions are made. In a productive system, demand emerges from constraints imposed by
actual needs. Advertising, in its dominant form, inverts this relation: rather than respond-
ing to existing constraints, it attempts to introduce new ones or distort existing ones, creating
perceived deficits where none exist. Formally, letting C denote the set of constraints defining
a decision landscape, advertising operates by modifying C itself, C — ¢’ = C U AC, where
AC consists of induced or exaggerated constraints that do not correspond to reductions in
required work. The evaluation criterion shifts from “does this reduce work?” to “can this
be made to appear necessary?”

Games occupy a distinct position among human activities, since their primary function
is not the direct production of material goods but the cultivation of cognitive and behav-
ioral capacities. Play is a form of developmental infrastructure: a controlled environment
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in which agents encounter difficulty, experiment with strategies, and develop responses to
structured challenges without incurring the full cost of failure in the real world.

Definition 19.8 (Developmental productivity). A system is developmentally productive if
its interaction with an agent reduces the expected work required by that agent to solve classes
of problems in the future, over a domain of tasks not limited to the system itself.

The introduction of in-game purchases that gate progress, manipulate reward schedules,
or create artificial scarcity alters the role of the game from a training environment to an
extraction mechanism, inverting the function of difficulty. Where a productive game makes
the world simpler by providing a structured version of its complexity, the monetized game
makes the player’s experience harder than it needs to be, and then sells relief from the added
difficulty:

C, = Cgame U ACrnonetization-

Loot boxes and other randomized in-game reward mechanisms requiring payment apply
variable-ratio reinforcement, the most powerful behavioral conditioning paradigm available,
producing the highest response rates and greatest resistance to extinction; the deliberate ap-
plication of this mechanism to children, in contexts whose explicit purpose is developmen-
tal, represents a structural inversion of what games are for. Games are often consumed by
children, whose capacity to model probabilistic mechanisms, identify manipulation, or eval-
uate long-term costs against short-term frustration is still developing, so monetized games
exploit the gap between the capacity being trained and the capacity required to identify the
exploitation. Chapter 21 develops the temporal, rather than developmental, register of this
same extraction structure at length.

19.8 Conditions for Genuine Productivity

A system satisfies positive productivity if and only if three conditions hold simultaneously.
The events recorded in the log must correspond to transformations that reduce the work
functional over (2415pa1, not merely the domain of direct participants, requiring that the bene-
tits of the system’s operation exceed its full costs, including material, energetic, and ecolog-
ical costs that are typically externalized. The dynamics of the system must select for stable,
low-action configurations rather than for volatility and rapid reallocation, an attractor in
Adm™ (L), not merely a consistent orbit through Adm(£). And the costs of maintaining the
infrastructure must be internalized rather than displaced.

Certain applications of distributed ledger technology come closer to satisfying these con-
ditions than speculative markets: supply chain verification systems, credential management,
and cross-border payment settlement correspond to genuine coordination problems whose
resolution reduces friction for participants. But even these applications must be evaluated
against the full domain of costs; many costs associated with proof-of-work are not necessary
for the coordination benefits the technology provides, but are artifacts of design choices that
prioritize decentralization over efficiency, so a supply chain verification system running on
proof-of-work infrastructure may displace more work than it reduces, even if its direct out-
put is genuinely useful. The criterion is not whether the system does something useful but

whether Wo,,,,, decreases.

19.9 Conclusion

The dominant application of blockchain technology in cryptocurrency systems presents a
case study in the gap between consistency and productivity. The ledger is an impressive
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instrument: it records events immutably, distributes trust without centralized authority,
and maintains coherence across a network of participants who share no prior relationship.
These are genuine achievements. They are also insufficient for value creation. A system that
records ownership transitions faithfully but whose dynamics select for redistribution over
production, volatility over stability, and externalized cost over internalized accounting is a
system organized around the extraction of value rather than its generation. The immutabil-
ity of the record does not transform this structure. It preserves it.

The analysis reaches beyond cryptocurrency. The formal structure identified here, log-
admissibility without positive productivity, internal coherence without reduction of work,
appears wherever systems are organized around the appearance of value rather than its re-
alization: non-productive labor sustains itself by satisfying internal metrics rather than ex-
ternal needs, advertising operates by injecting artificial constraints into decision landscapes
rather than by satisfying genuine ones, and monetized games add engineered complexity to
environments whose purpose is to reduce complexity, selling relief from the difficulty they
introduced. In each case, the log is coherent, the activity is real, and the selection dynam-
ics are misaligned with any productive criterion. This is not a new economic pathology; it
is a very old one, reproduced across new technical vocabularies, and it is the same pathol-
ogy Chapter 20 examines from the contribution-side rather than the productivity-side: a
documentary record that faithfully tracks what happened is not thereby a warrant for con-
verting that record into price, reputation, or authority. A genuinely constructive system
would reduce work, stabilize configurations, and internalize costs. Until economic systems
are evaluated on those terms, rather than on market capitalization, engagement metrics, or
the sophistication of their technical apparatus, the dominant forms of the technologies exam-
ined here will remain what they structurally are: not engines of progress, but mechanisms
for recording its absence.



Chapter 20

Rebel Without a Cost

20.1 The Retrospective Problem

An earlier internal feasibility study, developed under the working name Ayian, proposed
converting recorded contribution into a work-backed, persona-bound cryptocurrency, treat-
ing recording, recognizing, rewarding, and authorizing as stages of one continuous mecha-
nism. It compared Layer-1 and Layer-2 chains, separated fungible rewards from non-fungible
personas, proposed token-bound accounts, and attempted to reduce whale power through
a hybrid voting formula. Its governing aspiration was valuable: useful work should count,
durable contribution should not disappear, and those who sustain a system should have
a meaningful voice in its continuation. None of what follows disputes that aspiration. It
disputes the mechanism chosen to realize it.

The difficulty lies not primarily in the selected chain, token standard, or voting expo-
nent. It lies in the compression of several different judgments into a single scalar object. The
proposed system turns heterogeneous contributions into a contribution score, converts that
score into token issuance, stores the tokens under a persistent persona, and then feeds both
stake and score back into governance. Documentary history becomes economic value; eco-
nomic value becomes political power; identity becomes the container binding them together.
This is a specific instance of the same log-admissibility-without-positive-productivity confu-
sion Chapter 19 formalized: a contribution ledger can be perfectly consistent, every record
accurate, every score computed as specified, while the conversion from record to price to
authority remains structurally unwarranted at every step.

This is an attractive pipeline because each step appears, locally, to preserve the legiti-
macy of the step before it. Recording seems to warrant recognizing; recognizing seems to
warrant rewarding; rewarding seems to warrant a say in what happens next. The appeal
is not naive. It is the same appeal that makes seniority, credentialism, and inherited repu-
tation feel natural in institutions that never touched a blockchain. What this chapter adds
is an account of exactly where, and exactly why, each of those local inferences fails, stated
precisely enough to be checked rather than merely felt.

20.2 Six Acts That Are Not One Act

The central formal claim is a chain of non-implications, running from the fact that an event
occurred to the much stronger claim that it should govern what happens next:

Record(x) # Verify(x) # Recognize(x) # Reward(z) # Authorize(z) # Continue(x).
Verification is placed here deliberately, and separately from recognition, because the two do

different jobs. Verification asks whether an event actually occurred as described, a factual,
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evidentiary question. Recognition asks whether the event, having occurred, is regarded
as valuable, a normative, social question. Conflating them lets “recognized” silently mean
both “confirmed to have happened” and “endorsed as good,” which obscures the case that
matters most: an act can be accurately recorded and independently verified without being
recognized as valuable at all, because verification establishes only that something happened,
not that it was welcome.

A contribution may therefore be recorded without being verified. It may be verified
without being recognized as valuable, a harmful or mistaken act can be confirmed to have
occurred and still deserve no endorsement. It may be recognized without being rewarded,
gratitude is not payment. It may be rewarded without conferring permanent standing, pay-
ment for a job does not establish general expertise. It may establish standing in one domain
without granting authority in another. And it may have been an admissible basis for a de-
cision yesterday without remaining one today. Each arrow in the chain corresponds to an
institution people already build to keep the two sides separate, precisely because collapsing
them causes recognizable harm: archives distinguish preservation from endorsement, fact-
checking distinguishes verification from approval, mutual aid networks distinguish grati-
tude from payment, professional licensing distinguishes payment from standing, federal-
ism distinguishes domain expertise from general authority, and constitutional term limits
distinguish past merit from future permission. A system that mints one convertible token
across all six acts does not innovate past these institutions. It discards the distinctions they
were built to protect. This six-object chain is the contribution-pipeline instance of the same
H # D # R # C structure Chapter 10 developed for agentic systems and Chapter 11 re-
stated at the constitutional layer: verification constrains continuation, but does not authorize
commitment, whether the acting party is an Al agent or a community of contributors.

The central revision is therefore architectural: Ayian should not begin with the question,
“How do we mint value from work?” It should begin with the more conservative question,
“How do we prevent work, provenance, refusal, and obligation from being erased?”

20.3 Why No Universal Scalar Is Canonical

Work is heterogeneous: repairing a bridge, moderating a dispute, discovering a theorem,
and caring for a sick person do not occupy a common natural scale, and any scalar conver-
sion is imposed rather than discovered. This can be stated more precisely than that loose
intuition, strong enough to carry the chapter’s actual claim: a contribution record with gen-
uinely incomparable elements does not, by itself, pick out one correct total ranking.

Definition 20.1 (Contribution preorder and quotient order). Let C' be a set of contribu-
tion records. For a declared context «, specifying a domain, an affected population, an
evidentiary standard, and a set of relevant dimensions, write ¢; <, c2 when every com-
parison admitted by ~ judges cy at least as well supported as c;, with no relevant dimen-
sion on which ¢; is preferred. Contributions equivalent in both directions are identified,
€]~ €2 = 1 3 2 A g =4 c1, and the quotient C'/~,, is then partially ordered. Two
records with no dominance relation in either direction remain incomparable in this quotient
order.

A scalar valuation v : C — R is isotone with respect to <, when ¢; =<, ¢ implies
v(c1) < v(e2). Isotonicity alone is weak: an isotone v may assign equal values to incompara-
ble contributions, which is a defensible and honest choice, since it registers that the record
does not distinguish them. The stronger and more common design choice, made implicitly
by any system that produces a single ranked leaderboard, requires v to be strict: to assign
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distinct values to any two contributions that are not identified under ~. A strict isotone val-
uation induces a total order on its image, precisely a linear extension of the quotient order.

Proposition 20.2 (Non-canonicity of total contribution rankings). Let (C'/~, =<,) contain an
incomparable pair c1,co. Then =<, does not determine a unique total extension of that pair: there
exists a linear extension in which cy precedes ca, and another, equally consistent with <., in which c;
precedes c1. Consequently, any scalar system required to rank every pair of contributions must either
preserve some incomparabilities as ties, or introduce a comparison that <, alone does not warrant.

Let ¢; and c¢; be incomparable under <. Adjoining ¢; < ¢z and taking transitive closure
introduces no cycle, since a cycle would require c; =, ¢; already, contradicting incompa-
rability; the order-extension theorem then guarantees a linear extension realizing ¢; < ca.
Reversing the construction produces, by the identical argument, a linear extension realizing
c2 < c1. Both preserve every comparison already present in <,;, so neither is disqualified by
the original record, and the record itself supplies no fact that selects between them. This es-
tablishes non-canonicity, not impossibility: a total ranking can certainly be constructed, and
in a finite contribution set there are only finitely many linear extensions to choose among.
The point is narrower and sufficient: no fact contained in the contribution record itself selects
which of those finitely many extensions is the right one. A scalar system that ties incompa-
rable contributions is being honest about this; one that breaks the tie with a specific numeric
ranking has quietly imported an institutional judgment and presented it as a discovery about
the contributions themselves.

The severity of this non-canonicity is governed by the order’s width, the maximum
size of an antichain, a set of contributions no two of which are comparable under <. If
a contribution poset contains an antichain of size w, its members are compatible with all
w! relative orderings. This motivates a design choice: rather than storing a single number
that discards the antichain structure the poset actually has, preserve a structured record
r(c) = (a,t,d, e, p,0,q,s), where a is the actor, ¢ the time interval, d the domain, e the evi-
dence, p the provenance, o the affected objects or communities, g the contestable claims made
about the contribution, and s its present status. Two contributions incomparable under <,
because they differ in domain and affected population remain visibly, honestly incompara-
ble in r(c), rather than being forced through a projection that manufactures a rank.

The order-theoretic argument establishes that ranking adds unwarranted comparisons.
A separate argument establishes that a transferable reward built on such a ranking cannot
remain a faithful indicator of the responsibility it was meant to track.

Proposition 20.3 (Transfer-fidelity conflict). Suppose a system issues a transferable unit for con-
tribution c, that possession of that unit increases governance authority, and that governance authority
is required to track the responsibility or competence evidenced by c. These three requirements cannot
be jointly guaranteed.

Let a receive a unit 7 for performing ¢, and let b subsequently acquire 7 without acquir-
ing a’s responsibility for, or competence demonstrated by, c. Transferability permits this
change of possession. Governance convertibility means possession of 7 increases b’s au-
thority regardless of how 7 was acquired. Fidelity requires that authority track the relation
to c that justified 7’s issuance, a relation b does not hold. Hence b’s increased authority is
not warranted by fidelity, and transferability, convertibility, and fidelity cannot all hold si-
multaneously. Together, these two propositions support the chapter’s title theme directly:
even setting aside whether a contribution score can be canonical, making that score’s reward
transferable severs the one relation, between the person acting and the authority the action
is meant to justify, that a governance system built on “proof of contribution” was supposed
to preserve.
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20.4 Prior Art: Ledgers That Already Refuse Conversion

Systems that separate documentary record from price and from authority already exist, in
some cases predating any blockchain by decades. Wikipedia’s page-history mechanism nor-
mally retains and exposes every edit alongside a separate and much smaller mechanism, ad-
ministrator status, that confers operational authority; edit count alone grants no vote and no
formal reputation score, and even a very large edit history confers no automatic operational
authority absent a distinct nomination process that can be, and sometimes is, refused. Git’s
commit history performs a structurally similar separation: content-addressing plus optional
signing plus independent mirroring makes silent retroactive alteration conspicuous rather
than impossible, but write access, merge rights, and governance votes are typically granted
through a separate maintainer process rather than by raw commit count. Local Exchange
Trading Systems and time banking keep a running account of hours or services exchanged
without treating that account as a source of political authority over the community that is-
sued it, arriving independently at a similar architectural instinct: record contribution, but
constrain what the record is allowed to become.

Academic citation practice presents the clearest cautionary case in the other direction,
showing what happens when the separation this chapter recommends is allowed to erode.
A citation is, in origin, a record; citation-derived metrics such as the journal impact factor
and the h-index are a further step removed, aggregations of that record into a score, and
the metrics-reform literature has documented how such scores, once adopted for hiring and
funding decisions, distort the incentives of the research they were meant merely to describe.
A citation record and a citation-derived ranking are not the same object, and treating the
second as an unproblematic summary of the first reproduces, in an academic register, the
same collapse this chapter argues against in a token-governed one.

20.5 From a Value Ledger to a Documentary Ledger

The proposed ledger is append-only but not declaratively omniscient. It records claims and
their provenance rather than asserting one final account of worth. A contribution event may
be represented as

e; = (id, actor, action, object, time, evidence, attestations, contestations, scope).

The history after n events is H,, = Hy || €1 || - -+ || en, where append-only retention means
that later judgments do not silently rewrite earlier evidence. This needs qualification, since
an unconditional prohibition on removing any byte conflicts with legitimate privacy, safety,
and legal obligations: a later judgment may supersede, contest, seal, or restrict access to an
earlier record, but it does not silently replace that record, and where privacy, safety, consent,
or law requires underlying material to be sealed or removed, the ledger retains, where per-
missible, a minimal audit event recording that a governed removal occurred, by whose au-
thority, under which rule, and with what scope, without necessarily retaining the removed
content itself.

Operative state is separate from the retained history, o,, = J(H,, k), where J is a revis-
able judgment procedure and &, is the current context, exactly the o-versus-H separation
Chapter 10 formalized as the central discipline of the CLIO architecture. The same history
can therefore support different admissible continuations in different domains without con-
tradiction: a medical contribution need not confer software-governance authority; an early
architectural contribution need not grant perpetual control; a rejected proposal can remain
historically important without becoming operative.
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A transferable unit of value can itself be understood as a documentary record from which
nearly every field has been removed. A dollar does not ordinarily retain who performed the
underlying work, who was affected by it, what obligations were discharged in exchange for
it, what harms accompanied its production, or whether its present holder bears any relation
at all to the event that caused the unit to exist. Money is not the opposite of a ledger. It is
an amputated one. Fungibility is achieved by deleting provenance until units produced by
radically different histories become operationally interchangeable. A ledger without value
reverses that compression: it preserves reasons while declining to manufacture a univer-
sal, frictionless permission from them, making it less liquid but more articulate. The ear-
lier Ayian architecture, in minting a new transferable token from contribution records, was
choosing amnesia while believing it was choosing memory.

20.6 Persona Without Ownership

The original Ayian architecture placed an ERC-20 balance inside an account controlled through
a Persona NFT. This elegantly binds assets to an identity object, but it also creates a danger-
ous ambiguity: if the persona token is transferable, then identity and its accumulated history
can be sold; if it is non-transferable, then control recovery, coercion, succession, and erro-
neous binding become difficult governance problems the original study did not resolve.

A persona in a ledger without value is not property. It is a continuity relation among
cryptographic control, documentary history, social recognition, and the continuing consent
of the subject. No single token constitutes the person. Keys may rotate; attestations may ex-
pire; a person may withdraw from an institution while retaining the record of what occurred
there. The persona layer should satisfy four constraints: control must be recoverable with-
out selling identity; claims must be scoped and revocable by their issuers without erasing
their historical issuance; the subject must be able to refuse new associations with their self-
presented identity; and the ledger must distinguish identity continuity from institutional
membership, since leaving a system is not the destruction of a person, and retaining history
is not permission to keep governing them.

This last constraint requires a distinction the earlier draft elided: control recovery is not
the same operation as succession. Recovery asserts continuity of the same subject, a new key
continuing the same persona. Succession transfers a role, custody, or unresolved obligation
from one subject to a different one entirely, and must not be mistaken for the predecessor’s
identity passing along with it: a successor inherits stewardship of what a persona left be-
hind, not the standing to have been that persona. A recovery mechanism built only around
“prove you are still you” is vulnerable to an adversary who has compromised the subject’s
other credentials, or to a subject coerced into authorizing a transfer they do not actually
consent to; a recovery process with a mandatory delay window, notification to previously
designated attestors, and a contestation period before any high-consequence action takes
effect gives a coerced or compromised subject a real chance to intervene before the action
becomes irreversible.

A subject cannot reasonably veto every adverse claim made about them, that would let
anyone erase accountability simply by refusing to acknowledge it, but neither should an un-
verified allegation appear in the record with the same standing as an accepted fact. The ar-
chitecture should therefore distinguish subject-approved associations, which the subject has
affirmatively accepted; third-party attributed claims, which remain visible and attributable
to their source but are marked as contested until resolved; and institutionally admitted find-
ings, which have passed through some accountable adjudication process. Consent governs
the first category. It does not, and should not, govern the second or third, which is what
preserves the ledger’s usefulness for accountability rather than converting it into a subject-
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curated profile.

20.7 Governance After the Voting-Power Formula

The corrected Ayian formula was P; = /S; C;, where S; is staked Ayian and C; is lifetime
contribution score. The square root improves the formula relative to linear stake by dimin-
ishing the marginal power of large holders. It does not, however, resolve the underlying
constitutional problem. Multiplication means that economic stake and recorded contribu-
tion validate one another: a high value in either dimension magnifies the other, while a zero
in either annihilates the person’s voice, and it turns a lifetime record into a permanent polit-
ical multiplier, allowing old contribution to harden into office. The term “quadratic voting”
is also imprecise here; taking /S; applies a concave weighting to stake, while quadratic vot-
ing ordinarily concerns the quadratic cost of purchasing multiple votes. More importantly,
if C; is obtained by reducing heterogeneous contribution records to a universal score, it is
one particular resolution of the non-canonical choice the previous section’s proposition de-
scribes, a strict isotone valuation that has broken every tie the underlying order left open, so
multiplying by +/'S; scales economic stake by comparisons that were introduced during the
scalarization of history, not supplied by the history itself.

A second, independent problem concerns how C; behaves over time. If lifetime con-
tribution is cumulative and nondecreasing, C;(t + 1) > C;(t), then authority obtained from
early contributions persists in full even after their contextual relevance has declined, produc-
ing institutional lock-in in which incumbency is self-reinforcing regardless of whether the
incumbent’s original domain of expertise still bears on present decisions. And the transfer-
fidelity result compounds the concern further: even setting aside whether C; is canonical
or decaying appropriately, the moment any resulting reward becomes a transferable token,
authority stops tracking the responsibility that justified it at all, and instead tracks whoever
currently holds the token.

A ledger without value replaces universal voting power with scoped standing. For a
proposal p, the relevant set is not everyone possessing a balance but those with a defensible
relation to the decision:

S(p) = {i | affected (i, p) V responsible(i, p) V competent(s, p)}.

These predicates should remain distinct. Being affected grounds a right not to be ignored.
Being responsible grounds accountability for implementation. Competence grounds eviden-
tial weight, not sovereignty. None should silently consume the others. Decision procedures
can then vary by consequence: routine maintenance may use delegated responsibility; fac-
tual questions may use contestable expert judgment; allocation decisions may require con-
sent from affected groups; constitutional changes may demand broad ratification and strong
exit protections. The ledger supplies evidence about standing and history, but it does not
compute a universal rank of persons.

20.8 Contribution Without Permanent Reputation

A lifetime contribution score can become a second currency: scarce, accumulable, unequally
distributed, and convertible into access, and unlike money it may be impossible to give away
or escape, producing hereditary institutions without hereditary titles, because early contrib-
utors indefinitely dominate the definition of later contribution. The alternative is contextual
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recognition with decay of authority but not decay of history. The record that an action oc-
curred remains. Its relevance to a present decision must be argued again:

p(c,p,t) = f(domain fit, evidence, recency, affectedness, contestations),

where p is not a stored personal score but a temporary assessment of how contribution c
bears on proposal p at time ¢. Recency may serve as a useful proxy for current salience, but
it is neither truth nor entitlement; older work remains reachable when similarity, depen-
dency, or renewed relevance makes it operative again. This resembles tab completion more
than a leaderboard: the system proposes plausible continuations from the current prefix
and context, rather than declaring that the most historically prolific person owns the next
symbol.

A worked scenario traces one contribution through the full architecture. A contributor,
persona P,7, submits a patch addressing a scheduling bug: Record(eggi). A CI run and
a maintainer’s manual review establish Verify(egsi, dscheduter), @ factual finding that would
hold even if maintainers subsequently judged the fix undesirable for unrelated reasons.

Two maintainers attest that the fix is a genuine improvement, constituting

Recognize(P AT, €881 Ascheduler)

scoped explicitly to that domain.

A governance process then authorizes payment, Reward(Py7, ess1, 019), recorded as an
explicit obligation, not newly minted tokens. None of Record, Verify, Recognize, or Reward
yet grants P47 any say over unrelated decisions. Six months later, a proposal to change the
project’s licensing terms arises, a domain in which P,7 has no evidenced standing at all:

Reward(P47, €881, 019) 7£> Authorize(P47aplicense)-

A separate proposal to change the scheduler’s core allocation algorithm computes Py;’s
standing as p(css1, Psched, tnow): domain fit is high, evidence is strong, recency has begun to
decay, yielding meaningful evidential weight in the scheduler deliberation without granting
unilateral control over the outcome. Contrast this with the original Ayian pipeline applied
to the same event: the patch would generate a contribution score, the score would mint to-
kens, and P,7’s voting weight on the licensing proposal would be identical to their voting
weight on the scheduler proposal, because the token does not know which domain it came
from.

20.9 Useful Work and Thermodynamic Honesty

The phrase “Proof of Contribution” risks repeating the central mistake of proof-of-work sys-
tems: inventing measurable activity in order to manufacture trust. Useful computation is not
whatever satisfies a protocol’s puzzle. It is work that an independently existing human, sci-
entific, ecological, or infrastructural need already required. Heat is the terminal by-product
of work; a heater that produces heat directly discards the opportunity to perform useful
computation or mechanical work along the way, and a cryptocurrency that invents compu-
tation solely to establish scarcity discards the opportunity to direct energy toward real unmet
tasks, exactly the extraction structure Chapter 19 formalized as degeneracy: proof-of-work’s
native objective is orthogonal to any reduction of the work functional. A defensible system
would schedule computation where heat is wanted, route tasks to appropriate climates and
buildings, and count reduced duplication and recovered waste as part of its evidence.

But even genuinely useful work should not automatically mint governance. Solving a
protein-folding problem, hosting winter computation, or maintaining a bridge may justify
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contractual payment and public acknowledgment. It does not create a natural claim to rule
unrelated communities. The ledger can demonstrate that useful work occurred while refus-
ing the metaphysical leap from energy expended to value owned. This is the six-act chain
applied to a specific and increasingly common case: genuinely useful computational work
is real Record and Verify, can readily earn Reward through an explicit obligation, and still
does not by itself reach Authorize. Chapter 11 developed the constitutional layer this ob-
servation depends on, including the treatment of refusal itself as a first-class, non-punitive
continuation option; Chapter 22 takes up the sheaf-theoretic generalization of the afford-
ability and necessity questions this chapter’s scoped-standing apparatus raises but does not
itself resolve.



Chapter 21

Unfinishable Games and Temporal
Extraction

21.1 Two Critiques, One Vocabulary

Chapter 19 examined how a monetized game inverts the developmental function of diffi-
culty, converting a training environment into an extraction mechanism through engineered
scarcity and variable-ratio reinforcement. This chapter examines a second, analytically dis-
tinct extraction mechanism present in the same broad genre, one that requires no purchase
at all: structural unfinishability, the removal of a participant’s unilateral control over when
disengagement from a persistent, real-time, alliance-based game is safe.

The last decade of criticism directed at exploitative game design has converged almost
entirely on monetization systems that use randomized rewards to convert player spending
into a variable-ratio reinforcement schedule structurally similar to a slot machine. This body
of criticism is substantial and its harms are real, though the international regulatory picture
is considerably more fragmented than a simple narrative of bans would suggest: Belgium’s
gaming commission found certain paid loot box implementations to constitute gambling,
while the Netherlands” comparable finding was later overturned on administrative appeal,
and the United Kingdom's government-commissioned review concluded that an association
between loot box spending and gambling-related harm existed but that a causal relationship
had not been established. None of this requires the game to run in real time. A turn-based
game, or one with no live multiplayer component at all, can implement an identical loot box
system with identical monetary extraction and identical gambling-adjacent psychology. The
mechanism is orthogonal to the game’s temporal structure, and this orthogonality means a
second mechanism, tied specifically to real-time synchronous structure, cannot be a mere
variant or intensification of the first. It has to be examined on its own terms, with its own
formal apparatus, rather than folded into the borrowed vocabulary of addiction, which tends
to relocate the explanatory burden onto the player’s self-control rather than onto the prop-
erties of the system that make stopping costly.

21.2 Formalizing Structural Unfinishability

A precise definition needs to separate four phenomena an informal account of “real-time
games” tends to run together: persistent simulation, globally distributed participation, con-
sequential events occurring during a participant’s absence, and social responsibility for pre-
venting collective losses. No one of these alone produces the mechanism this chapter is con-
cerned with. A persistent world can permit harmless absence. A globally distributed player
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base can coordinate asynchronously. Consequential events can be bounded by protection
mechanics. Responsibility can be spread widely enough that no single participant remains
continuously accountable. The mechanism arises specifically from their conjunction.

Definition 21.1 (Structural unfinishability). A game is structurally unfinishable for partici-
pant ¢ when consequential state changes can occur during ¢’s absence, when their timing is
substantially controlled by other players or the server rather than by i, when the resulting
losses are difficult to reverse, and when responsibility for preventing those losses is socially
attributed to i.

This makes unfinishability relational rather than a fixed property of the software: the
same game can be an easily stoppable pastime for an ordinary member and an effectively
continuous obligation for an alliance leader, because R;(t), the responsibility attributed to
participant i, and U;(t), the difficulty of substituting another participant for 7, both vary by
role. A hazard or event-intensity term \;(t), the expected rate of consequential events condi-
tional on ¢’s absence, is estimable in principle from server logs. Let L;(t) denote the expected
loss to i conditional on an event occurring while absent, let R;(¢) denote socially attributed
responsibility, and let U;(t) denote the difficulty of substitution. Define i’s temporal expo-
sure over an interval 7" as

X,(T) = |; /T Ni(t) Li(t) Rit) Ui(t) dt.

A safe disengagement interval I C T exists when [; \i(t)L;(t)R;(t)U;(t) dt < e for some
tolerable threshold. This decomposition separates four independent levers, exposure, cost,
attributed responsibility, and irreplaceability, and a design intervention can reduce unfin-
ishability by attacking any one of the four without needing to touch the others. Structural
unfinishability is not the literal absence of any interval of low exposure; it is the scarcity, or
the participant’s inability to unilaterally guarantee the existence, of a sufficiently long inter-
val satisfying the inequality. This makes the concept comparative and, in principle, measur-
able, and it draws a necessary line between persistence and unfinishability: a voxel-building
server can operate continuously all night without L;(t) or R;(t) rising appreciably for any
particular player, because nothing consequential and attributable to that player is at stake.
Unfinishability names the specific condition in which the world’s continuous operation is
coupled to a specific participant’s exposure rather than decoupled from it.

21.3 The Circadian Vulnerability

A further asymmetry explains why global synchronicity in particular, rather than mere real-
time operation, aggravates \;(¢) for a globally distributed alliance. Human availability is
approximately periodic on a roughly twenty-four hour cycle tied to local time zone. Let
a;(t) denote attacker j’s availability, and let A(t) = >_; a;(t) denote the aggregate avail-
ability of the full adversarial population. When attackers are concentrated in a single time
zone, A(t) inherits a strong daily rhythm; as the population’s time-zone dispersion increases,
the individual peaks and troughs of a;(t) increasingly fall at different points in the day,
and Var,[A(t)] falls correspondingly, even while each individual attacker retains their own
strongly periodic availability. In the limit of a sufficiently large and well-distributed ad-
versary population, A(t) approaches a roughly constant level across the full cycle, while a
defending player retains their own strongly periodic availability, low during local sleeping
hours. The defender’s least-available hours are, in expectation, no less contested than any
other hours. Circadian absence, a biological constant no game design choice can remove, is
thereby converted into a strategically exploitable regularity in \;(t) purely as a function of
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the adversarial population’s geographic dispersion, without requiring any single attacker
to act with deliberate intent, yielding a testable prediction: the severity of the effect should
scale with the variance reduction in A(t) as dispersion increases.

21.4 Delegability

Delegability, formalized as low Uj;(t), determines whether global synchronicity actually forces
continuous individual availability or can instead be absorbed by a group. If responsibility

for responding to a threat can be handed seamlessly to another participant, no single indi-
vidual need remain continuously available even though \;(t) itself never falls to zero. The

configuration this chapter is concerned with therefore requires a specific conjunction of high

i, high L;, high R;, and high U; simultaneously; removing any one, through protected rest

periods, reliable delegation, bounded and recoverable losses, or a genuinely redundant re-
sponsibility structure, moves a game outside the category even if it remains globally syn-
chronous. This predicts which superficially similar games should escape the mechanism,

not only which ones exhibit it.

21.5 From Session to Membership

A server clock alone cannot make a person wake at an unscheduled hour; what supplies
the compulsion, formally, is R;(t), a social quantity assigned by other participants who are
waiting, depending on the player’s presence, or standing to suffer a consequence alongside
them. This is clearest by contrast with an older model of multiplayer participation, real-time
strategy titles played over a modem, in which multiplayer was an optional session: play-
ers deliberately connected, played a bounded match, and disconnected, with no persistent
structure surviving the session’s end. A modern alliance-based persistent game replaces the
match with membership:

multiplayer as an optional session — persistent social membership.

Structural unfinishability, in the fullest sense intended here, is what results when member-
ship of this kind is combined with the exposure structure above: the game has stopped
being a session one opts into and become a social position one occupies continuously, with
occupancy itself carrying consequences for others.

R;(t) cannot arise from a server clock alone. A clock can make \;(¢) nonzero at a given
hour, but it cannot, by itself, attach responsibility for the consequences of that hour to any
specific person. That attribution requires durable relational infrastructure: an alliance that
remembers who holds which rank, a chat channel through which expectations are commu-
nicated and enforced, a reputation system through which absence becomes visible to others.
Once a game supplies persistent identity, standing group membership, user-to-user commu-
nication, and reputation, the software is performing social-platform functions in addition to
game functions, and this compounds a familiar mechanism, absence made socially legible
and costly, with a second, mechanical one ordinary social media lacks: a participant’s assets,
territory, or alliance standing can be materially changed by other participants specifically be-
cause they were absent.

21.6 Extraction Requires a Beneficiary

Burden alone does not establish extraction in any economically meaningful sense; extraction
requires showing that the burden’s product is captured by someone other than the person
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bearing it. Unfinishability is the structural condition analyzed above; extraction occurs only
when some actor captures value produced under that condition, and the two are logically
separable. A nonprofit, open-source persistent game could in principle exhibit exactly the
same \;, L;, R;, U; profile, the same structural unfinishability, without any publisher captur-
ing economic surplus from the resulting coordination labor, because no publisher exists to
capture it. Unfinishability would remain a real burden, but calling it extraction in that case
would be a category error.

The relevant claim for a commercially operated game is therefore a distinct, additional
hypothesis. Let Vo1 denote the value of the player-produced organization that coordina-
tion labor generates, recruitment, scheduling, dispute resolution, and general cohesion of an
active player base, and consider the hypothesis 0 Retention/0 Vsocia1 > 0: that a publisher’s
retention rises with the value of this uncompensated player-produced organization. Stated
this way, extraction becomes an empirically testable economic hypothesis about a specific
game and publisher, rather than a term the argument’s own vocabulary presupposes:

player coordination labor — persistent social content

— retention and monetizable engagement.

An alliance leader who recruits and retains members, schedules events, moderates disputes,
and manufactures the rivalries that make ongoing play compelling is producing exactly the
kind of durable social content that keeps a persistent game populated and worth continuing
to operate for everyone else in that alliance. This labor is not compensated by the publisher.
Whether the hypothesis holds for a given commercial title is an empirical matter this chapter
does not settle; what it establishes is the more limited claim that appropriation, a publisher
benefiting functionally from an active, well-organized population, is not automatically the
same thing as extraction, deliberate capture of a specific economic surplus, and that a com-
mercially operated persistent game exhibiting structural unfinishability should be examined
for the latter rather than assumed to practice it merely because the former is present.

21.7 Case Study: Last Shelter: Survival

Last Shelter: Survival provides a concrete, bounded illustration of this architecture, presented
here as an example, not as evidence that every game in its genre produces identical effects.
The developer’s own listing describes the game as a real-time strategy title built around
persistent base development, alliance formation, and continuous conflict between players
worldwide, and the storefront listing discloses loot boxes, in-app purchases, and persis-
tent messaging, with an age rating of thirteen and older. The game’s competitive structure
includes a server-versus-server “State vs State” competition that a community-maintained
guide describes as running on a roughly forty-eight-hour cycle, during which an alliance’s
collective standing depends on continuous, coordinated participation across the event’s full
duration. A partial, individually scoped mitigation exists in the form of a temporary defen-
sive shield subject to a reactivation cooldown, but this does not by itself relieve the coordi-
nation requirement borne by alliance leadership during a live, alliance-wide event.

An ordinary alliance member may have comparatively low R;(t) and low U;(t): their
individual absence is substitutable. An alliance leader, diplomat, or event coordinator oc-
cupies a different position on both quantities, with responsibility for war declarations and
defensive scheduling commonly and visibly attributed to specific ranked roles, and, particu-
larly in smaller alliances, the difficulty of substituting another coordinator during an active
event may be high. Unfinishability, on this reading, is not a claim about the software in the
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abstract but a claim about a specific, identifiable role within it, exactly the relational prop-
erty the formal definition was built to capture. Official storefront listings establish \;(¢) and,
more weakly, L;(t) reasonably well; player-produced community guides are reasonable ev-
idence that particular mechanics exist and function as described; neither source establishes
R;(t) or U;(t) directly, since both are social quantities that would properly require obser-
vation of actual alliance communications or survey data to measure. What the case study
shows is that Last Shelter: Survival instantiates the technical preconditions under which the
proposed mechanism can arise, while whether particular players in particular roles actually
cross a specified X; threshold remains an empirical question the case study does not itself
answer:
architecture observed = mechanism predicted

— player study tests the prediction.

21.8 Coordination as Structural Incentive, Not Established Population-
Level Outcome

This structural account converges with an older strand of game-studies research on the un-
paid labor performed by guild and alliance leadership in earlier large-scale multiplayer
games, in which leading a large player collective routinely crosses from recreational play
into unpaid, intensely time-consuming work, a phenomenon related to, though not identi-
cal with, what has been termed “playbour” in analyses of unpaid labor in game modding.
The comparison should be drawn carefully rather than overstated: earlier raid-centered
games were persistent, but much of their highest-coordination content could be scheduled
by the participating group itself, through socially negotiated session boundaries and lock-
outs, whereas in globally synchronous territory games, consequential adversarial actions
can instead be initiated by opponents during the defending group’s absence, on a timetable
the defenders do not control. It is also worth being explicit about the limits of the available
evidence: the playbour literature supports an analogy between guild leadership and unpaid
labor, but it does not, by itself, establish population-level empirical claims about how com-
monly severe or chronic consequences occur among players of the specific genre this chapter
examines. This chapter’s claim is structural rather than epidemiological.

21.9 Remedies and Their Enforcement Difficulties

The formal apparatus yields a design criterion in addition to a diagnosis. Let player i choose,
at some time t( of their own selection, an absence interval of duration A, denoted A;(tp, A).
A system provides a genuine right to absence if, subject only to reasonable frequency and
duration limits, ¢ can invoke .4; unilaterally and thereby obtain X;([to, to+A]) < €. The word
doing the essential work in this criterion is unilaterally. If invoking the interval requires per-
mission from an alliance leader, negotiation with an adversary, or merely hoping that no
one attacks during the window, the system has not supplied a right to absence; other par-
ticipants are supplying protection contingently, a different and considerably weaker thing.
This yields a simple diagnostic question: can the participant press leave and have the conse-
quences stop? For amodem-era match, the answer is essentially yes. For the architecture this
chapter has examined, the answer is often no, or no with qualification, particularly for par-
ticipants occupying the high-R;, high-U; coordinating roles the case study identified. This
formalization is considerably stronger than generic “take a break” prompts, since a break
reminder that fires while the underlying game mechanics simultaneously threaten a partic-
ipant’s alliance with territorial loss for having heeded it does not satisfy the criterion; the
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reminder is a suggestion layered on top of an architecture that still penalizes compliance,
not an actual instance of A;.

Several distinct remedy mechanisms could contribute, each carrying its own limitation.
Individual protection windows reduce a single participant’s personal exposure but do not,
by themselves, reduce the collective responsibility a coordinating role still bears during an
active event. Alliance-level vulnerability windows address the collective case but raise the
question of whose local time such a window should be anchored to when the alliance it-
self spans every time zone. Asynchronous attack declarations, requiring an aggressor to
announce intent before a delay period elapses, could decouple event timing from any single
participant’s sleep schedule, at some cost to the immediacy that gives adversarial play its
stakes. Hard caps on the frequency of consecutive high-stakes events limit cumulative ex-
posure without eliminating any single event’s intensity. Reversible or insured offline losses
reduce L;(t) directly. Role-redundancy requirements would directly lower Uj;(t) for critical
roles. None is a complete solution on its own. The regulatory dimension is correspondingly
less settled than the loot box case, since temporal extraction has no equivalent transactional
moment for a regulator to examine, and would more plausibly require product-design stan-
dards or an analogy to occupational scheduling protections rather than an existing legal
category.

21.10 Conclusion

The critical and regulatory apparatus built around loot boxes has done real work, but it was
built to answer a specific question, whether a randomized purchase mechanic functions as
disguised gambling, and it has no purchase on a separate question: whether a game’s tem-
poral and social architecture, quite apart from anything it sells, can remove a participant’s
unilateral control over when disengagement is safe, and whether the resulting coordination
labor becomes an uncompensated input to the game’s commercial operation. The distinc-
tive claim this chapter has defended is not that such games consume a great deal of time,
since an absorbing game someone chooses to play for many hours is not thereby exploita-
tive, but that structural unfinishability transfers control over the boundaries of play from
the participant to the platform and to the other participants inhabiting it, so that leaving be-
comes something that can be done to a person’s standing rather than something the person
can simply decide to do.

Exploitability can arise from the topology of permissible disengagement.

Stated this way, the phenomenon generalizes beyond games, to on-call work schedules,
notification-driven messaging platforms, always-live financial markets, and social media
systems that make absence itself visible and costly to a user’s standing. Money and time are
extracted through different mechanisms, diagnosed by different evidence, and addressed
by different remedies.

There is, finally, a structural symmetry worth noting between the argument developed
here and Chapter 4’s companion argument about the handling of historical record. That
argument holds that a system should not let a later correction retroactively rewrite an earlier
commitment, that a past claim, once made, should be preserved even as further evidence
constrains how it is interpreted. This chapter holds a mirror-image position about the future
rather than the past: a persistent system should not let standing membership retroactively
claim unlimited authority over a participant’s future availability. One argument denies a
system authority over what already happened; the other denies a system authority over
when participation must happen next. Both reject the same underlying architectural move,
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a system quietly converting continuity, whether of a record or of a membership, into an
unbounded claim, on the past in one case, on the future in the other, and both are instances of
the qualified non-erasure principle Chapter 10 formalized as the separation of documentary
history from operative authority: history that extends does not thereby license unlimited
claims on what must happen next.
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Chapter 22

Sheaves of Necessity and
Affordability

22.1 What We Call Affordable

A society reveals its actual moral ordering not in its stated values but in what it is willing to
call affordable without argument, and in what it quietly decides must never become cheaper.
Fireworks are affordable. A second school counselor is not. A stadium subsidy is affordable.
A universal mentorship program is not. An industrial meat supply chain is affordable, in
the sense that its true cost is never presented as a bill anyone has to approve, while a public
health intervention with a fraction of that cost must survive a legislative session to be funded
atall. And the falling prices that farming, manufacturing, and logistics improvements might
otherwise have delivered are set aside instead, so that the real burden of existing debt can
be eroded and asset valuations supported, a trade made permanently and by default rather
than case by case in response to actual deflationary risk.

This is not an argument for joylessness, nor for monetary chaos, nor a demand that or-
dinary people give up rest, travel, the company of a pet, or a stable currency while distant
poverty persists in some abstract, unreachable form. It is an argument that the discretionary
and the necessary, and the stable and the exploitative, have been sorted by institutional
habit rather than by honest accounting, and that habit has consistently favored spectacle,
appetite, convenience, and the protection of existing claims over development and the dif-
fusion of technological gain, because those are what the people who set budgets and write
monetary policy already hold. The remedy is not universal austerity. It is the same account-
ing, applied consistently and without exception for familiarity: weigh external cost against
available alternatives, apply that standard progressively so restraint falls where alternatives
exist, and stop allowing the sheer familiarity of an expenditure or a policy default to substi-
tute for its justification. Until that accounting is done, the words affordable and stable will
keep doing quiet moral work that the society using them has never actually agreed to.

22.2 Affordability as Admissibility

What follows reinterprets the preceding argument in the vocabulary this monograph has
used throughout for questions of constraint and admissibility. It introduces no claim the
argument above could not already support on its own terms; it is a change of lens, applied
at the close of the book to make explicit a structural pattern that has, in fact, already recurred
at every scale examined so far.

Let X be the space of possible allocations of a society’s resources, and let 4, C X be
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the institutionally admissible region at time ¢: the set of allocations an institution will fund,
permit, or subsidize without demanding fresh justification. Admissibility in this sense is
a membership condition, not an optimality claim; an allocation can remain inside A; in-
definitely without ever having been evaluated against any openly stated welfare function,
simply by virtue of having entered .4; historically and never having been reconsidered for
removal. Stadium subsidies, industrial meat production, and spectacle infrastructure per-
sist inside A; for exactly this reason: normalization placed them there, and nothing in the
ordinary operation of a budget cycle asks them to justify their continued membership. Men-
torship, tutoring, and preventive care can carry substantially greater developmental value
while remaining outside A;, unable to enter without discharging a proof burden that the
already-admitted claims inside .A; never face even once.

This is precisely the admissible-but-non-committable structure Chapter 10’s CLIO ar-
chitecture formalized at the level of an individual agentic system: Adm(r) never by itself
supplies W (r) or Authorized(r), and a proposal’s mere membership in a permitted region
isnot a warrant for its continuation. What CLIO treats as a design requirement for one acting
system, this chapter treats as a diagnosis of an entire society’s budget cycle: an allocation’s
presence inside 4; is a historical fact about what was once admitted, not a live judgment that
it remains warranted, and the two are routinely conflated precisely because nothing in or-
dinary institutional operation forces the distinction into view. Genuine political change, on
this reading, is not optimization within a fixed A;, reshuffling a feasible set whose boundary
is treated as given,; it is revision of the boundary itself, an operation on the region rather than
within it, a modification of the operative constraint regime rather than a search confined to
whatever that regime currently permits.

22.3 The Category of Claims

A second structure captures something admissibility alone does not: not every excluded
claim is excluded for the same reason, and not every admitted claim arrived by the same
route. Let Claims be a category whose objects are socially recognized claims on resources,
and whose morphisms are accepted justifications, the argumentative or institutional moves
by which one claim is converted into another, more legible institutional form: civic pride
justifies a stadium; consumer choice justifies industrial agriculture; economic stability justi-
fies an inflation target; property rights and the goal of attracting foreign investment justify a
speculative housing purchase. This is a genuine category rather than a mere directed graph
of associations because these justifications compose: if civic identity justifies tourism expen-
diture and tourism expenditure in turn justifies stadium infrastructure, their composition
supplies an accepted route directly from civic identity to stadium funding, without either
intermediate step needing to be re-argued, and every claim carries an identity morphism
representing its bare recognition without translation into any other form.

The category is not richly connected. Some objects sit at the center of a dense web of
morphisms with short compositional paths to funded outcomes; others are nearly isolated,
reachable only through long, unfamiliar, or nonexistent chains of composition. A sports
subsidy maps, by well-worn institutional paths, into employment policy, regional develop-
ment, civic identity, tourism promotion, and public cohesion, any one of which supplies
a sufficient justification on its own. A child’s need for sustained mentorship typically has
no comparably worn morphism into a funded budget line, and a tenant’s claim to remain
housed in their own neighborhood fares no better: property rights supply the buyer with an
immediate, well-recognized morphism into legitimate ownership, while years of residence,
employment, and community membership supply the tenant with no comparably accepted
arrow into any form of institutional protection at all; the claim exists as an object, but the
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category contains no accepted route, direct or composite, carrying it there.

Privilege, in this vocabulary, is morphic abundance rather than intrinsic urgency: not
merely many outgoing arrows, but many short compositional paths into the budgetary ob-
jects an institution already funds. A privileged claim need not be more pressing or more
valuable than its excluded counterpart; it inhabits a richer justificatory neighborhood, one
that institutions already have the translation apparatus, and the compositional shortcuts, to
recognize, in the language of economics, culture, security, or tradition, whichever happens
to be at hand. Deprivation persists in part because urgent claims lack comparable transla-
tion paths, not because the claims themselves are weaker. This is the categorical form of
an asymmetry this monograph has met before in a different register: Chapter 20’s account
of contribution showed that a documented act does not compose, by any warranted mor-
phism, into recognition, reward, or authority, Record(z) # - -- # Continue(z), and that a
system minting one convertible path across all six acts manufactures exactly the composi-
tional shortcut this chapter’s category of claims shows privileged allocations already enjoy
by historical accident rather than by argument. The entitled claim does not have to argue its
case because it already has an accepted morphism, or a short composite of them, waiting;
the developmental claim has to build one from nothing, in whichever vocabulary a given
funding cycle happens to honor that year.

22.4 A Sheaf of Necessities

The deepest structural feature is neither the shape of the admissible region nor the density
of justificatory morphisms, but a failure of composition across scale. Let {U;} be a cover
of the shared resource space X by institutional or social contexts, cities, households, indus-
tries, national governments, and let AV (U;) denote the collection of allocations regarded as
necessary within context U;, so that a particular such judgment is a local section s; € N (U;).
A city can regard a stadium as economically necessary; a household can regard an annual
flight as personally necessary; an industry can regard cheap meat as commercially necessary;
a government can regard restrained social expenditure as fiscally necessary. Each of these
local sections can be internally coherent, and they can appear compatible on the limited over-
laps that ordinary institutional practice actually inspects, a city’s accounting rarely checks
itself against a household’s, an industry’s rarely checks itself against a government’s long-
run fiscal position. But apparent pairwise compatibility on the overlaps actually inspected is
weaker than genuine compatibility on the full cover. Once ecological, intergenerational, and
developmental effects are included in the restriction maps, some of these sections disagree
on overlaps that ordinary accounting had simply omitted from consideration.

The absence of a global section s € N/ (X) compatible with ecological limits and univer-
sal developmental provision is therefore not a mysterious failure of the sheaf axiom, which
guarantees gluing precisely when compatibility genuinely holds on every overlap; it is evi-
dence that the locally asserted necessities were never actually compatible over the full cover,
only over the narrower set of overlaps institutions habitually check. What looks affordable
at every overlap actually inspected can still be globally impossible; what appears optional at
every overlap actually inspected can still be globally indispensable. Contemporary institu-
tions are reasonably reliable at validating claims within a bounded jurisdiction, a household,
a city, an industry; what they lack is a restriction map wide enough to catch the overlaps, eco-
logical, intergenerational, planetary, that would reveal the incompatibility their narrower
accounting conceals.

This is not a new construction in this monograph, and naming its recurrence is the point
of placing this chapter last. Chapter 8 formalized the identical obstruction in a physical reg-
ister, TARTAN's tile-gluing defect K, and read Buchanan’s Kochen-Specker contextuality
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result as an independent instance of the same pattern: locally consistent measurement con-
texts that nonetheless admit no globally coherent assignment, the local-coherence-without-
global-section failure stated there in the vocabulary of sheaf theory and quantum founda-
tions. Chapter 19 formalized a close relative of it in an economic register, calling it degener-
acy rather than obstruction: a speculative system whose admissible set Adm(£) is large and
internally consistent at the level of the ledger, while providing no selection pressure toward
the productive subset Adm+(£) within it. All three, TARTAN's tiles, the ledger’s admis-
sible set, and this chapter’s cover of necessities, share the same mathematical shape: local
well-formedness is cheap and reliably achieved; the property that actually matters, global
coherence, positive productivity, universal compatible necessity, is not automatic, and no
amount of local diligence substitutes for checking it directly. Chapter 1’s dependency chain,
Cy = A = L; = X, but not the reverse, and Chapter 15’s non-identification of Ly and D
are the same warning stated at the level of a single trace or a single representation rather
than a cover of contexts: an earlier, cheaper property holding gives no guarantee about a
later, more demanding one, and the gap between them is exactly where a system’s actual
behavior, or a society’s actual moral ordering, turns out to live.

Read together, the three sections of this chapter trace one failure at three depths. Admis-
sibility explains why familiar pleasures are never asked to justify themselves twice, while
developmental need is asked every time. The category of claims explains why some exclu-
sions look like weakness of argument when they are really poverty of translation. The sheaf
of necessities explains why a society composed entirely of locally reasonable judgments can
still arrive, without any single decision that looks wrong from where it was made, at a global
order that is not defensible at all.

22.5 Conclusion: The Recurring Shape

This monograph opened, in Chapter 1, with a trace that can be true and fully evidenced long
before any system is equipped to recognize it as such, a gap between what exists and what is
admitted. It closes with the same gap, restated at the scale of an entire civilization’s budget:
allocations that have been admitted without ever having been checked, and necessities that
have never been admitted despite deserving to be. Between these two points, the same shape
recurred at every register this book examined: the distinction-holonomy apparatus of Chap-
ter 6 showed that a system’s momentary state never determines whether it will continue to
behave the same way under transport, exactly as this chapter’s admissible region A; never
determines whether an allocation remains warranted; the CLIO architecture of Chapter 10
showed that verification constrains continuation without authorizing commitment, exactly
as this chapter’s category of claims shows that a claim’s mere existence never supplies the
morphism that would let it compose into a funded outcome; and the sheaf-theoretic obstruc-
tion examined independently in physics, in cryptocurrency markets, and now in the alloca-
tion of a society’s resources shows that local coherence, however carefully and repeatedly
checked, is never a substitute for verifying the one property, global compatibility, produc-
tive selection, universal admissible necessity, that a system’s continued legitimacy actually
depends on.

None of this was planned as a single argument at the outset of the corpus this mono-
graph draws together. That the same obstruction keeps reappearing, independently moti-
vated each time by a different domain’s own internal questions, is not proof that the pattern
is fundamental in some deeper metaphysical sense. It is evidence of something more modest
and, for a closing chapter, more useful: that the questions this book has been asking, what
persists, what may be repaired, what a representation actually preserves, what a record war-
rants, and what a society is entitled to call affordable, are not five different questions after
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all, but one question, asked patiently, in whichever vocabulary the object at hand happened
to require.
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The table below records, for each chapter, the source material it was drafted from and the
chapters it depends on for cross-referenced apparatus. Sources not authored by Flyxion are
noted explicitly; all such material is examined as an external case study rather than presented

as original to this monograph.
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1 The Latency of Evidence latency-of-evidence —
2 Accommodation Before Pre- accommodation-before-prediction; —
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3 The Theatre of Agreement consensus-without-independence —
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5 Connective Bridge: The Onto- Fresh chapter, grounded in Ch.1+4
logical Reversal distinction-holonomy’s opening
argument
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