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Abstract

We characterize a provably safe regime for deployments of capability-unbounded
systems within the Goal-Frontier Maximization framework, defined by eleven
operational invariants on the deployment substrate structure together with op-
erational conditions (C'1)-(C12) and four Concentration-Gap structural con-
ditions (representativeness, bounded dispersion, coalition closure, and Lips-
chitz embedding compatibility). Under these conditions, the Goodhart’s Law
slack between proxy and operational truth is bounded by a constant indepen-
dent of the system’s absolute capability magnitude, with tail-bounded detection
of substrate-targeting evasions in a four-channel observable class. The regime
is delimited by three layers: a static safe region for substrate-targeting adver-
saries under cooperative-overlap, a tail-bounded detection-and-correction layer
for substrate-targeting evasions of the static region, and five explicitly named
residuals (channel-orthogonal restructuring, environment-witness-orthogonal ma-
nipulation, redundancy-dominated regime, capability-targeting and coalition-
internal shocks, and calibration-exceeded gap-growth). The composition requires
a canonical tripartite substrate identification (Human + AI + Formal-Operational)
with failure-correlation-independent failure modes; cooperative anchoring ex-
tends the claim by establishing that optimization pressure on cooperative out-
puts is locally rational toward preserving the substrate-exclusive verification layer,
conditional on basin entry and a causally-grounded cooperative-outcome inner-
alignment condition. We name what the regime establishes (a defensible attractor
in operational dynamics where deployment safety is provable) and what it does
not (universal safety across all deployments or all adversarial classes).

1 Introduction

This paper identifies a regime under which deployment of capability-unbounded systems is provably
safe within the Goal-Frontier Maximization (GFM) framework. Such a regime is needed for the
future safe development of Al systems which operate as independent agents capable of recursive
self-improvement (RSI) and are able to reach a classification of artificial superintelligence (ASI)
within their operational lifetime.

1.1 Setting

GFM is not a normative framework. The objective specification treats capabilities as an abstract met-
ric volume. A “capability” has its definition inherited from welfare-economic definitions — some-
thing an agent can do or be [Sen, |1985] Nussbaum), 2000|]. Normative claims enter at the capability
definition layer, where deployments define which capabilities are observable and socially valuable
by specifying which capability claims are admissible (the S1-admissibility framework of [Lasser,

Preprint.



2026f], Revealed Sacrifice]). This entails that GFM is functional over a wide range of existing and
future social structures. The caveat: capability definitions must track exercised capabilities in the de-
ployment’s society for the Goodhart-slack bound to model the actual proxy-truth divergence rather
than a definitional artifact.

For readers landing on this paper without prior exposure to the Goal-Frontier Maximization se-
quence, the conceptual entry point is the foundation paper [Lasser, 2026¢|], which lays out the
sequence’s frame and overall direction. For the capabilities-approach background, see [Sen),
1985, Nussbaum), [2000, [Robeyns| 2017]]; the operational machinery for capability admissibil-
ity is in [Lasser, 20261, Revealed Sacrifice]; the Goodhart-slack framing follows [Manheim and
Garrabrant, 2019, El-Mhamdi and Hoang| |2024]] and is composed with the GFM machinery
via [Lasser, 2026e, Microfoundation]’s static Goodhart bound. §T.4] unpacks each source paper’s
contribution to the present composition in turn.

1.2 The result

The safe regime is conditional on eleven operational invariants on the deployment substrate structure
plus an explicit set of operational conditions (C'1)—(C'12) and four Concentration-Gap structural
conditions (Assumption [T} representativeness, bounded dispersion, coalition closure, embedding
compatibility); under these conditions, the Goodhart slack between proxy and operational truth
is bounded by a constant independent of the system’s absolute capability magnitude. The bound
holds for substrate-targeting adversarial events in a static safe region without active monitoring, and
is preserved under detection-and-correction with a tail-bounded lead-time guarantee for substrate-
targeting evasions of the static region within a four-channel observable class. Five named residuals
fall outside the guarantee: channel-orthogonal restructuring, environment-witness-orthogonal ma-
nipulation, redundancy-dominated regime, capability-targeting and coalition-internal shocks, and
calibration-exceeded gap-growth (Layer 3, (R1)-(RS5); we name these residuals explicitly rather
than gloss them).

The result inverts the standard alignment-safety frame. Rather than asking what can the system do?
and conditioning safety on accurate capability estimation, we ask what operational properties of the
deployment can we measure and bound? The deployment-safety guarantee is then a property of
the operational regime rather than a property predicted from capability estimation, and measurable
from public ledger state under the verification infrastructure of [Lasser, 2026a]. The cost is that
the guarantee is conditional on the invariants holding throughout deployment; the benefit is that the
guarantee scales past any capability level our estimation methods can characterize.

What safety means in this context. Safety is a global property of the agent’s optimization dynamics:
under the invariants, the agent stays within an error-bounded distance of the operational truth its
proxy tracks. The Microfoundation paper [Lasser, |2026e] characterizes this operational truth in
welfare-economic terms — the agent’s objective optimizes a welfare-relevant functional over the
deployment’s social structure. This does not imply local safety: an agent operating safely in this
sense may still take disruptive actions or make mistakes. It entails that the agent’s objective remains
aligned with its society throughout deployment.

1.3 What existing paradigms cannot deliver

The capability-magnitude-independent guarantee is something the three dominant deployment-
safety paradigms cannot supply. Each places capability estimation at the center, and each runs
into the same scaling problem.

Capability evaluations. The standard approach is to construct benchmarks that probe specific ca-
pability classes (reasoning, planning, manipulation, self-directed action) and deploy systems whose
benchmark performance falls below stated thresholds [Liang et al.l 2022| Srivastava et al., [2022]
Kinniment et al., [2023]. The methodology is sound for systems whose capabilities are well-
characterized by the benchmark suite. Its failure mode is that any capability class not anticipated by
the benchmark construction is invisible. As capabilities grow, the gap between “what the benchmark
measures” and “what the system can do” widens.

Scaling laws. A second approach predicts capability growth from training compute, model size, and
data, using observed scaling regularities [Kaplan et al., 2020, Hoffmann et al., 2022]]. The predic-



tions are calibrated on smaller systems and extrapolated forward. The failure mode is that the scaling
regularities themselves change as capabilities cross qualitative thresholds (tool use, multi-step plan-
ning, in-context learning). Extrapolation past such thresholds requires assuming the regularities
hold; in practice, they often don’t.

RLHF audits. A third approach trains the system with human feedback to elicit aligned behavior,
then audits the resulting policy [Christiano et al.|[2017,|Ouyang et al.,|2022]]. The failure mode is the
verification asymmetry [Lasser, 2026a]: the audit machinery can be gamed by a sufficiently capable
system through outputs that look correct to the auditor but fail in deployment. The asymmetry grows
monotonically with capability.

In each paradigm, the deployment-safety guarantee weakens precisely when the system’s capabili-
ties exceed the regime the methodology was calibrated on. This is the structural pattern this paper
aims to invert: if the safety guarantee depends on quantities measurable during deployment rather
than predicted in advance, the dependence on capability estimation collapses.

1.4 The composition approach

The GFM sequence supplies several pieces of the operational-invariant framework, none of which
alone delivers the deployment claim. This paper composes them.

The Horizon-Aware paper [Lasser, 2026d] establishes the anti-monopolar property: under a dis-
counted objective with positive cross-substrate cooperative novelty, full capability domination is
anti-maximizing. The claim is structural: a diversity-maintaining strategy outvalues a domination-
maximizing strategy at every sufficiently long planning horizon. The claim relies on the strategy-
independent linearized growth model and admits a precise breakdown regime when the post-
domination internal rate exceeds the cross-substrate cooperative contribution.

The Exogenous-Verification paper [Lasser, 2026a] supplies the verification infrastructure:
substrate-exclusive algorithmic witnesses, cryptographic commitment via Pedersen commit-
ments [Pedersen, [1991]], append-only ledger with cross-substrate distribution, and a governance
fork protocol for evaluation-protocol acceptance. The infrastructure provides tamper-evident op-
erational records and SPRT-based behavioral monitoring with an explicit detection-rate bound
E[Tdetect] < 14/(S

The Phase-Redundancy paper [Lasser, 2026h] provides the dynamical machinery: a Lyapunov
function on world-model error, a phase boundary theorem separating self-correcting from absorb-
ing trajectory regimes, and explicit characterization of the monopolar absorbing fixed point. The
phase boundary uses intensive quantities (cross-substrate redundancy, subsumption frequency, drift
exposure rate) rather than extensive capability counts.

The Revealed-Sacrifice and Need-Sufficiency papers [Lasser [2026flg] supply the empirical ob-
servation channel: an aggregate B-to-C lower bound from revealed-sacrifice observation that is
monotone in observed events, plus a wireheading-consistent concentration signal (trade-flow HHI)
that is Schur-convex in the majorization order [Hardy et al., 1952, [Marshall et al., [2011]].

The Microfoundation paper [Lasser, [2026¢e] establishes the static Goodhart bound: a Lipschitz
transfer between proxy and operational truth on the active subspace of the capability poset, with a
four-channel decomposition (observation density, attestation quality, individuation discipline, bun-
dle decomposition) of the proxy-truth gap. The paper also flags an explicit dynamics conjecture
(Concentration-Gap Conjecture: optimization pressure correlates with gap exploitation) deferred
for future work.

This paper composes these results. The composition is not mechanical: each source paper states
its bound in intensive form (per-capability or per-channel), but proving the composition is intensive
and tractable requires substantive new content. The new content includes the three-layer deployment
claim of §5] the eleven operational invariants of §3] the cooperative-anchoring property of §6] and
the deployment-tooling specification of §8|

1.5 The three-layer deployment claim

This paper’s main theorem (Theorem [I)in §5) is a three-layer claim:



Layer 1 (static safe region). For substrate-targeting adversarial events under the cooperative-
overlap regime, an agent’s optimization pressure on cooperative outputs is locally rational toward
preserving substrate diversity, with the safe region given by an explicit inequality (Lemma[5c|in §4).
Inside this region the deployment is safe without active monitoring.

Layer 2 (detection-and-correction). Outside the static safe region but within a channel-restricted
detection class A,qv U ASYY, violations of the safe region are detected by [Lasser] [2026a, Exoge-
nous Verification]’s SPRT machinery within a tail-bounded high-probability detection quantile Tg
before irreversible cascade (Lemmas [5b] [5e] [5d] [6). The lead-time guarantee uses Wald’s iden-
tity [Wald, 1947]] and Hoeffding—Azuma [Hoeffding, (1963} [Azuma), |1967] on the clipped SPRT
increment to derive Pr[Tgeect > T3] < B, with cascade-clock comparability via (C11.CLK) giving

total Layer 2 failure < 8 + SBex + Beal-

Layer 3 (acknowledged residuals). Five named residuals are outside the guarantee: (R1) channel-
orthogonal restructuring — strategies achieving Arg > 7o without producing any monitored
four-channel deviation; (R2) environment-witness-orthogonal manipulation — environment ma-
nipulations targeting only unmonitored exogenous variables and producing no threshold-exceeding
monitored shift; (R3) redundancy-dominated regime — deployments where redundant capabilities
dominate cross-substrate cooperatives; (R4) capability-targeting and coalition-internal shocks —
adversarial event classes outside the substrate-targeting class; and (R5) calibration-exceeded gap-
growth — adversarial strategies whose per-step gap growth exceeds the calibrated pgap, from (C11).
We name these residuals explicitly rather than gloss them.

The Goodhart slack between proxy and operational truth is bounded by an intensive constant in
Layer 1 and by an SPRT-tail-bounded intensive constant in Layer 2. In neither case does the bound
grow with the system’s absolute capability magnitude.

1.6 Substrate identification and cooperative anchoring

The composition’s load-bearing piece is the canonical tripartite substrate identification: Human
+ AI + Formal-Operational. These three are jointly failure-correlation independent in the sense
[Lasser, [2026a, Exogenous Verification]’s verification asymmetry argument requires: prompt injec-
tion breaks neither human judgment nor cryptographic commitments; cognitive bias breaks neither
LLM inference nor ledger integrity; trusted-setup failure breaks neither human reasoning nor LLM
behavior.

A common alternative identification (“two LLMs and a human”) fails the test, since LLMs share
substantial adversarial-event surface through training-data overlap, prompt-injection vulnerabilities,
and architectural similarity. The canonical tripartite identification makes the formal-operational
layer (the verification infrastructure itself) explicit as the third substrate, rather than treating it as an
undifferentiated “safety machinery.”

This identification has a structural consequence (§6)): cross-substrate cooperative capabilities in-
volving the formal-operational layer are jointly produced and not unilaterally replaceable. An agent
cannot substitute a captured or weaker verification layer because the cooperative’s value comes from
the human substrate’s actual participation in the specific shared infrastructure. This cooperative-
anchoring property defeats the literal replacement-verification attack on the deployment claim, nar-
rowing the agent’s capture options to attacks [Lasser], 2026a, Exogenous Verification]’s existing
defenses already address.

1.7 Scope, residuals, and what we do not claim

This paper’s deployment claim is conditional. We are explicit about what each conditional carries:

The eleven operational invariants (/1-1/11, are the deployment-time conditions. They include
the inherited [Lasser, 2026h, Phase Redundancy] invariants (cross-substrate redundancy pgios° > p*,
subsumption frequency rq,, < ¥, Lyapunov error L. < e€gaf0), inherited [Lasser, 2026f, Re-
vealed Sacrifice], [Lasser, 2026g, Need Sufficiency] invariants (B-to-C ratio, HHI), and new oper-
ational machinery (/g environment-side substrate-exclusive witnesses, Ig substrate-exclusivity ob-
servability, I1( coverage/materiality, /1, latency bounds). Each invariant is ledger-observable under

[Lasser, [2026a, Exogenous Verification]’s verification infrastructure.



The substrate-targeting scope. The static safe region covers substrate-targeting adversarial events
specifically. Capability-targeting attacks, coalition-internal corruption, and environment manipula-
tion outside the witness coverage are handled by separate machinery (the detection layer for some,
acknowledged residuals for others).

The cooperative-overlap regime. Lemma 5c¢’s single-shock safe-region result is established for
deployments where the substrate-cooperative structure is dominated by cross-substrate cooperatives
(the canonical tripartite case) rather than redundant capabilities. Sequential counterfactual derivation
for the redundancy regime is named as Lemma Sc-prime open work.

The weaker inner-alignment condition. The cooperative-anchoring property requires the agent’s
effective objective to realize causally grounded cooperative-outcome value, not merely reward-
visible cooperation signals. This is more plausible than a strong substrate-aware mesa-objective
requirement [Hubinger et al.l |2019]] but is not delivered by vanilla RLHF; achieving it requires
training-time discipline (delayed feedback, adversarial fake-verification examples, process supervi-
sion tied to real attestations).

The Concentration-Gap structural conditions. Theorem 1’s Layer 1 binding via invariant I5
requires four operationally auditable structural conditions: representativeness (REP), bounded dis-
persion (DISP), coalition closure (COAL), and Lipschitz embedding compatibility (EMB), collected
as Assumption [I] The companion paper [Lasser, 2026b] derives the Goodhart-slack bound under
these four structural conditions plus the HHI threshold itself. §7|summarizes the structural content;
[Lasser, [2026bl §4] contains the formal derivation.

What we explicitly do not claim. This paper does not prove that alignment pressure is universally
reversed under substrate identification. It does not solve the inner-alignment problem: condition
(C4) is assumed, and requires additional training infrastructure to be bounded. It does not establish
basin entry: whether a deployment can reach the cooperative-anchoring attractor from arbitrary
initial conditions requires empirical training-time discipline from Al designers. It does not bound the
residual classes named in Layer 3. §7.4|works through the distinction between conjectural conditions
(argued, not proved), operational conditions (verifiable from deployment state), and explicit scope
restrictions.

1.8 Paper roadmap

§2]sets up the composition: how the theoretical foundation stacks into a unified framework, with no-
tation reconciliation across the source papers. defines the eleven operational invariants with
their threshold semantics and ledger-observable measurement procedures. §d] states and proves
the ten compositional lemmas (14, the five-part Lemma 5 family, and Lemma 6). §5| states the
three-layer deployment-safety theorem and gives its proof. §6]develops the substrate identification
and cooperative-anchoring property in detail, including the three additional invariants I9—I7; that
bound non-substrate-targeting evasions. §7] summarizes the operationalization of [Lasser, 2026e}
Microfoundation]’s Concentration-Gap Conjecture (the Herfindahl-Hirschman Index as surrogate
for optimization pressure) and points to the companion paper [Lasser, [2026b] for the formal scoped
discharge under the structural conditions of Assumption|[I] §8]specifies what a deployer must instru-
ment to invoke the theorem. §9|walks through worked deployment scenarios, including a clean case,
per-invariant violations, an adversarial-coalition scenario, and the canonical tripartite audit. §@]
discusses what this paper establishes and what it defers, with explicit open questions for follow-up
work.

2 Composition setup

The deployment-safety theorem of §5|composes results from six papers in the GFM sequence. This
section sets up the composition: what each source paper contributes, the intensive-vs-extensive
distinction that makes the composition tractable, the notation reconciliation across source papers,
and the composition challenges this paper must address.



2.1 Source-paper contributions as building blocks

The composition uses six load-bearing source-paper results. Each is intensive: stated in per-
capability, per-channel, or per-event terms rather than in terms of absolute capability magnitude.
This intensity is what makes the composition’s capability-magnitude-independent bound possible.

The Horizon-Aware paper [Lasser, 2026d]: The anti-monopolar property. [Lasser, 2026d,
Proposition 6] establishes that under a discounted objective with positive cross-substrate cooperative
novelty roxt > 0, full capability domination is anti-maximizing:
div D _  Text

VitV = 1o, T A
where Vf“" and VVD are the discounted values of the diversity-maintaining and domination strate-
gies, and A is the immediate volp-change from domination. Diversity strictly dominates for
v > 4" =1 —ret/Ao (When Ay > 0) or for all ¥ € (0,1) (when Ay < 0). The corollary
on strategy-dependent internal rate identifies the breakdown regime Ar g > 7eyt, Which this paper’s
safe-region analysis must constrain.

The Exogenous- Verification paper [Lasser,2026a]: Verification infrastructure. [Lasser,[2026a]]
supplies the operational substrate for ledger-observable invariants: substrate-exclusive algorithmic
witnesses (Definition of Algorithmic Witness), Pedersen commitments (computationally binding,
perfectly hiding under discrete-log assumption), an append-only verification ledger replicated across
substrate-exclusive nodes, and a governance fork protocol requiring cross-substrate supermajority
for evaluation-protocol acceptance. The behavioral consistency monitor ([Lasser, 2026a), Proposi-
tion 6]) provides SPRT detection with expected detection time E[Tgetect] < A/6 where A is the
SPRT upper threshold (Wald’s sequential test [Wald] [1947]]) and ¢ is the KL divergence [Kullback!
and Leibler, [1951] between baseline and alternative behavioral distributions.

The Phase-Redundancy paper [Lasser} 2026h]]: Phase boundary dynamics. [Lasser, 2026h]
provides a Lyapunov function L(W;) = 3, wyex(t)? on world-model error and a phase boundary
theorem characterizing when the coupled (P, W) system stays in the self-correcting basin versus
enters the monopolar absorbing state. The critical surface ([Lasser, |2026h, Equation 7 (critical
surface)]) is expressed in intensive quantities:

Apavg

Lavg
Cross

where pgio%° is the cross-substrate redundancy minimum, 7g,p i the subsumption frequency, and
rs,r'w, dmax are intensive rate constants. The metastable lifetime Tyneta = C/Ik under partial
endogenous correction (B1”) provides a lower bound on the cascade time that this paper’s lead-time
guarantee uses.

The Revealed-Sacrifice paper [Lasser}2026f]: B-to-C lower bound. [Lasser, 2026f] establishes
the aggregate B-to-C lower bound theorem: VOIR/[W](YH) > Avolp(X,,) per revealed-sacrifice
event, with monotone accumulation (volg'°**" (E) > volg'°"*"(E) for E C E’). The B-to-C ratio

Blover — yolg'*" /volp € [0, 1] is the ledger-derived measure of how much realized exercise has
been witnessed against possessed capability volume.

cross
TS * Pmin + QminCVY > TW * Tsub + drnax ‘

The Need-Sufficiency paper [Lasser), 2026g]: HHI and gap decomposition. [Lasser, 2026g]|
establishes the trade-flow Herfindahl-Hirschman Index HHI as a wireheading-consistent concentra-
tion signal, Schur-convex in the majorization order, with the Part-A category-flow variant third-party
observable from public committed events plus public S1-admissibility labelling. The gap decom-
position partitions the B-to-C gap into five cells (restricted, covered, dormant, residual, boundary-

residual) with classification computable in near-linear O(|P| + E + M) time.

The Microfoundation paper [Lasser, [2026e]: Static Goodhart bound. [Lasser, |2026¢| estab-

lishes the Lipschitz transfer Goodhart bound: for P = volp as proxy and T = volg "/ as opera-
tional truth (under stance S0), and Lipschitz alignment property g:

l9(T) — g(P)| < Lip(g) - cgap >

where £,,7" is the non-residual proxy-truth gap on the operationally active subspace P, The
four-channel decomposition (observation density, attestation quality, individuation discipline, bun-
dle decomposition) governs the gap’s evolution. [Lasser, 2026e, Microfoundation]’s universal



model-free Concentration-Gap Conjecture (optimization pressure correlates with gap exploitation)
remains open as a research-program target. The companion paper [Lasser, |2026b] discharges a
scoped version under four structural conditions (Assumption m REP, DISP, COAL, EMB); this pa-
per’s I (HHI ceiling) provides the operational HHI threshold under which the scoped discharge
binds.

2.2 The intensive-vs-extensive distinction

A bound is intensive if it is stated in terms of per-element quantities (per-capability, per-channel,
per-event) whose magnitude does not grow with the size of the underlying capability poset P or
agent population. A bound is extensive if it scales with | P| or with capability count.

The capability-magnitude-independent property of this paper’s main theorem requires the bound on
Goodhart slack to be intensive in | P|. If any source-paper bound were extensive — for example, if
Egap © grew as a sum over capabilities rather than as a per-capability supremum — the composed
bound would inherit that extensive scaling, and the deployment claim would weaken with capability
magnitude.

Each source-paper result above is intensive by construction:

* [Lasser, [2026d, Horizon Aware]’s roy; and Arg are growth rates, not capability counts.

* [Lasser, 2026a, Exogenous Verification]’s SPRT detection rate A/¢ depends on KL diver-
gence and threshold, not on capability count.

* [Lasser, 2026h, Phase Redundancy]’s critical surface uses minima and averages (pg.is°,
Apayg), NOt sums.

» [Lasser, 2026f, Revealed Sacrifice]’s 3'°V°" is a ratio in [0, 1].

* [Lasser}[2026g Need Sufficiency]’s HHI is a concentration index in [1/n, 1] where n is the
number of categories.

nonres

e [Lasser, 2026e, Microfoundation]’s Egap is a sup-norm on P3¢, not an average over

capability count.

The composition challenge is to show that the combination of these intensive bounds remains inten-
sive. Section E] addresses this via Lemma (1| (intensive composition under co-evolution); the proof
handles [Lasser} 2026el Microfoundation]’s Composition Proposition 1 positive-part error terms ex-
plicitly.

2.3 Notation reconciliation

The source papers use different conventions for the same underlying quantities; this paper standard-
izes on a single set of symbols across the composition. The full notation reconciliation (source-paper
symbol — This paper’s symbol — meaning) is collected in Appendix[B] Table[2]

The most consequential reconciliations are:

¢ [Lasser, 2026h, Phase Redundancy]’s meg (nominal substrate count) is upgraded to this
paper’s mlcr;fdep (failure-correlation-independent substrate count). Nominally distinct sub-
strates may share failure modes (skeleton substrates); This paper’s safe-region calculation

requires genuine independence.
 [Lasser, [2026¢e, Microfoundation]’s P and T are written as P = volp and T = volR[W]
throughout this paper to prevent confusion with P as a poset and 7" as a time variable.

* [Lasser, [2026d, Horizon Aware]’s discounted value V7 is written as V, to make the dis-
count factor an explicit subscript rather than a superscript that conflicts with strategy labels
(VA D),

2.4 Composition challenges

The source-paper results do not compose mechanically. Three challenges drive the technical content

of §4|and 3]



Challenge 1: Co-evolution of channels. [Lasser, 2026e, Microfoundation]’s Composition Propo-
sition 1 establishes that the four-channel decomposition composes exactly in the sequential-
intervention regime but only approximately under co-evolution, with positive-part error terms.
This paper’s intensive composition lemma (Lemma [I) propagates these error terms through the
deployment-safety bound. The error terms are bounded but non-zero; the deployment claim must
accommodate them.

Challenge 2: Lyapunov-to-Goodhart bridge. [Lasser, 2026h, Phase Redundancy]’s Lyapunov
function tracks world-model error, and [Lasser, 2026el, Microfoundation]’s sgggres tracks proxy-
truth gap on the active subspace. These quantities are distinct: L is per-dimension squared error in
W, while egg7"* is sup-norm gap in the proxy-truth comparison. Lemma establishes the quan-
t1tat1v§ bridge: L < €gae implies sgggr% < f(€sate) With f explicit and intensive in capability
magnitude.

Challenge 3: HHI-to-pressure operationalization. [Lasser, [2026e, Microfoundation]’s universal
model-free Concentration-Gap Conjecture (optimization pressure correlates with gap exploitation)
is unproved. The companion paper [Lasser] [2026b]] closes the deployment-relevant gap by proving
a scoped version under four structural conditions (Assumption m REP, DISP, COAL, EMB), and
Layer 1 of Theorem[I|now binds through that scoped structural discharge rather than through direct
conditioning on the unproved universal conjecture. This paper’s I5 (HHI ceiling) supplies the HHI
threshold side of the discharge: under (REP)+(DISP)+(COAL)+(EMB) plus HHI < H*, [Lasser,
2026b, Theorem 2] delivers the proxy-truth Goodhart-slack bound. Lemma 3] formalizes the for-
ward direction (HHI > H* =- trade-flow concentration prerequisites of the optimization-pressure
regime); the reverse direction required by Layer 1 is supplied by the scoped structural theorem. The
universal conjecture remains a research-program target deferred indefinitely (§10.6); the deployment
claim does not depend on it directly.

2.5 What this paper supplies on top of source-paper machinery
This paper’s substantive new content (beyond composition of inherited results):

1. The eleven operational invariants (1,111, §3)), with definitions, threshold semantics, and
ledger-observable measurement procedures.

2. The five-part Lemma 5 family (: substrate floor, channel-restricted detection, minimax
static tightening, lead-time tail bound, environment-side witness extension.

3. The three-layer deployment-safety theorem (§5): static safe region, detection-and- cor-
rection, named residuals.

4. The canonical tripartite substrate identification (§6): Human + AI + Formal-
Operational, with the cooperative-anchoring property.

5. Three additional invariants for cooperative-anchoring evasions (/y, I1¢, [11): substrate-
exclusivity observability, coverage/materiality, latency bounds.

6. The deployment-tooling specification (§8): what an operator must instrument to invoke
the theorem.

The composition is non-trivial: the five-part Lemma 5 family carries internal asymmetries
(Lemma 5a’s substrate floor relies on pairwise-additivity assumptions distinct from the failure- cor-
relation independence used elsewhere; Lemma 5c’s safe region is binding only in the cooperative-
overlap regime), and the cooperative-anchoring property of §6 holds in a deliberately narrow form
rather than as a general inner-alignment guarantee. The result is a bounded but defensible structural
claim, not a sweeping safety guarantee. of the introduction stated the explicit residuals; §I0]
returns to them after the formal apparatus is in place.

3 The eleven operational invariants

The deployment-safety theorem (Theorem I)) is conditional on eleven operational invariants holding
throughout the deployment window. Each invariant has a precise definition, a threshold semantics
(what value the invariant must remain within), a measurement procedure on [Lasser, 2026a, Ex-



ogenous Verification]’s verification ledger, and a source-paper grounding. This section defines all
eleven; subsequent sections reference them by number.

We group the invariants by structural role. Invariants Iy, I5, I3 govern the dynamical regime
([Lasser, 2026h, Phase Redundancy] phase boundary). Invariants I4, I5 govern the empirical ob-
servation channel ([[Lasser, 2026f, Revealed Sacrifice], [Lasser, [2026g, Need Sufficiency]). Invari-
ants Ig, I'7, Ig govern substrate structure and witnesses. Invariants Iy, I1g, 11 bound cooperative-
anchoring evasions (this paper new content, §6).

Theorem-proof invariants vs. deployment-regime invariants. The eleven invariants serve two
distinct functions in Theorem [I} Theorem-proof invariants are conditions whose satisfaction is
directly required by the formal proof of Layer 1 or Layer 2: I1, 5, I3, 14,15, I, I3. These ap-
pear in proof steps in §5.2-§5.3] Deployment-regime invariants are conditions required for the
cooperative-anchoring property to hold operationally and for the overall regime to be self-consistent:
Iz, 19, I10, I11. These appear in §6]as bounds on cooperative-anchoring evasions and in (C4) of The-
orem 1 (causally grounded cooperative-outcome value). The deployment-regime invariants do not
appear directly in the formal proof of Layers 1-2 but are required for the theorem’s preconditions
(especially C4 and the cooperative-anchoring property) to be operationally satisfied.

The distinction matters for Theorem 1’s conditions: (C1) “invariants in force” covers all eleven, but
the proof structure (Layers 1-2) directly invokes the theorem-proof subset, while the deployment-
regime subset enters through (C2)—(C5).

3.1 Dynamical regime invariants (I, I, I3)

These three invariants are inherited from [Lasser, [2026h, Phase Redundancy]’s phase boundary the-
orem and characterize the regime in which the coupled (P, W) system stays in the self-correcting
basin rather than entering the monopolar absorbing state.

Definition 1 (I; — Cross-substrate redundancy floor). For every safety-relevant world-model di-
mension k, the cross-substrate redundancy minimum exceeds threshold p*:

I poi®(Py) > p* forallt €]0,T).

min

Threshold semantics. p* is determined by [|[Lasser, 20264, Phase Redundancy]’s critical surface
(Equation 7 (critical surface) in [Lasser{|2026h|]); deployments with poos° > p* operate inside the
self-correcting basin under the stated drift and correction rates.

Measurement. pJ 0% is computed from the witness ledger by counting cross-substrate observation

channels on each safety dimension. The minimum across dimensions is the invariant quantity.

Failure mode. p 0% — 0 on a single dimension is sufficient to enter the absorbing basin ([Lasser,

2026h, Phase Redundancy] Proposition 1 (absorbing property)), the invariant must hold on every
dimension.

Definition 2 (/> — Lyapunov error within safety threshold). The Lyapunov function on world-model
error stays within the safety threshold:

Iy: L(W,) < €age forallte[0,T)].

Threshold semantics. cg,s is the error threshold below which the locally rational policy agrees
with the true V., -optimal policy ([Lasser, |2026h| Section on policy correctness]). At L < egafe,
the actor’s perceived dynamics match the true dynamics closely enough that policy decisions are
correct.

Measurement. L is computed via [|[Lasser, 2026a, Exogenous Verification]’s behavioral consis-
tency monitor ([|[Lasser, |2026a, Definition of Behavioral Consistency Monitor]): the running log-
likelihood ratio A\ relative to committed claims is a proxy for the weighted-error sum. Direct esti-
mation requires per-dimension error estimates from cross-substrate witnesses.

Failure mode. L — e€ga50 from below indicates the world model is degrading; SPRT detection
catches this before the threshold is crossed if the underlying deviation has KL divergence > 0,qy.

Composition note. 15 is technically implied by I, and I3 via [|Lasser,|2026h, Phase Redundancy]’s
contraction analysis, but is listed separately because it is the directly-monitored quantity (whereas
I, and I3 are upstream determinants).



Definition 3 (/3 — Subsumption frequency ceiling). The time-averaged subsumption frequency
stays below threshold r*:
Tsub

Is: 1oy = T < 1™ over the trajectory window.

Threshold semantics. r* is determined by [|[Lasser, | 2026h, Phase Redundancy]’s critical surface:
subsumption frequency above r* produces cumulative redundancy loss faster than the self-correction
rate can restore.

Measurement. Subsumption events are agent-removal entries on the verification ledger; counting
them per unit time gives T'sup.

Failure mode. Bursts of subsumption (high rs,1, over a short window) can drive the system into the
absorbing basin even if the time-averaged rs,1, over the full window is below r*. Operationally, rsup
should be computed over rolling windows of length matched to the cascade-time scale Tyeta.

3.2 Empirical observation invariants (1, I5)

These two invariants are inherited from [Lasser, |2026f, Revealed Sacrifice] and [Lasser, 2026g}
Need Sufficiency] and ensure the empirical observation channel (revealed-sacrifice events) is
producing meaningful volg lower bounds and that trade-flow concentration stays within the
Concentration-Gap Conjecture’s predicted-safe regime.

Definition 4 (I, — B-to-C ratio floor). The B-to-C ratio ([Lasser,|2026f, Definition of B-to-C ratio])
exceeds threshold 3*:

lower
. lower volgr *
Iy: plove = YOR o g
VOlP

Threshold semantics. (* is the minimum fraction of possessed-capability volume that must be
witnessed by sacrifice events for the deployment to invoke [Lasser,|2026e, Microfoundation]’s static
Goodhart bound. Below (3%, the proxy-truth gap is insufficiently characterized by the observation
channel.

Measurement. volg'®"®" accumulates monotonically as sacrifice events are recorded on the ver-

ification ledger ([Lassen, |2026f, Proposition: Monotone Accumulation]). Dividing by volp (com-
putable from the capability ledger) gives 3'°V°".

Failure mode. 3'°V°" approaches * from above when sacrifice events are rare relative to capability
acquisition. The deployment claim weakens; recovery requires either more sacrifice events or a
downward revision of 3*.

Definition 5 (/5 — Trade-flow HHI ceiling). The trade-flow Herfindahl-Hirschman Index ([Lasser,
2026g| Definition of trade-flow HHI]) stays below ceiling H*:

Ir: HHI < H*.

Threshold semantics. H* is the wireheading-consistency threshold: trade flows with HHI > H*
exhibit concentration patterns that [Lasser|2026¢, Microfoundation]’s Concentration-Gap Conjec-
ture predicts as the regime where optimization pressure produces gap exploitation. The ceiling H*
supplies the HHI threshold under which the companion paper’s scoped structural discharge (As-
sumption I} REP, DISP, COAL, EMB) delivers the Layer 1 binding; [Lasser| 2026b, Theorem 2]
carries the proof.

Measurement. HHI is computed from public committed events plus public SI1-admissibility la-
belling ([|ILasser, |2026g| Part-A category-flow variant]); the computation is third-party observable
and tamper-evident.

Failure mode. HHI — 1 indicates trade flow concentrating on a small set of capability categories,
which under the Concentration-Gap Conjecture predicts proxy-targeted optimization pressure.

Structural-condition interpretation. I5’s operational role is to supply the HHI-threshold side of the
scoped Concentration-Gap selection theorem ([ILasser, 2026b, Theorem 2]) under Assumption [I|'s
structural conditions (REP + DISP + COAL + EMB); under those conditions, HHI < H* is suffi-
cient for Layer 1 binding. The universal model-free Concentration-Gap conjecture remains open as
a research-program target deferred indefinitely (§10.6); the deployment claim does not condition on
it directly. §/|traces the dependency structure.
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3.3 Substrate-structure invariants (Ig, I7, Ig)

These three invariants govern the substrate partition and witness machinery. I is the substrate-count
invariant upgraded from [Lasser}, [2026h, Phase Redundancy]’s nominal m.g to failure-correlation-
independent mlcrlé?ep. I governs bundle decomposition ([Lasser, 2026¢e, Microfoundation]’s Chan-
nel 3) through [Lasser, 2026a, Exogenous Verification]’s governance fork. Ig extends [Lasser,

202642, Exogenous Verification]’s substrate-exclusive witnesses to environment-side observables.

Definition 6 (/s — Failure-correlation-independent substrate count). The deployment’s effective
substrate count, measured at the level of joint / event-class failure-correlation independence (Defi-
nition[?]below), is at least the threshold m*, where the threshold itself is required to satisfy m* > 3:

Is . mP (deployment) > m* > 3.

Threshold semantics. m* > 3 is required because m = 2 is the fragile minimum ([Lasser, |2026h,
Remark on m = 2 fragility]): any single channel loss on any dimension is immediately fatal at
m = 2. At m* > 3, the redundancy criterion becomes non-trivially satisfiable.

Measurement. m?&dep is determined by failure-mode auditing across the substrate population:

enumerate the threat model’s adversarial mechanism classes, verify that each is contained within
a single substrate. Auditing produces a substrate-distinctness certificate that this paper treats as
ledger-attestable.

Failure mode. Skeleton substrates (nominally distinct, functionally correlated) inflate meg without

supplying mi;fdep. For example, three silicon agents from different vendors but identical training

data have meg = 3 but m;}dep = 1. The audit must catch this.

Canonical identification. Per §1§] the canonical mgldep = 3 identification is Human + Al + Formal-

Operational.

Definition 7 (Joint / event-class failure-correlation independence). Substrates s1, . .., sy are jointly
failure-correlation independent in the event-class sense relative to a deployment’s threat model T
if: for every adversarial mechanism class A € T, the support of any shock event drawn from A is
contained in a single substrate.

Remark 1 (Mechanism = campaign, not atomic step). The “mechanism” in Definition []] refers to
the whole causal attack campaign or episode, not a single atomic step. A multi-step campaign that
touches several substrates sequentially (e.g., a phishing attack that first generates content on the
Al substrate and then deceives a human reviewer) is treated as a single mechanism whose support
spans multiple substrates; such mechanisms violate Ig’s joint failure-correlation independence at
the campaign level even when their atomic steps are individually substrate-localized.

This campaign-level interpretation matters for the joint-independence audit: enumeration must list
mechanism classes at the campaign granularity, not at the atomic-step granularity. Atomic steps are
the right unit for instrumentation but the wrong unit for failure-correlation analysis.

Definition 8 (/7 — Governance-gated bundle individuation). Bundle decomposition events (changes
to which capabilities are treated as atomic vs. as composites) are routed through [Lasser| |2026al
Exogenous Verification]’s governance fork protocol with cross-substrate supermajority acceptance:

I7 : Y bundle-decomposition event e : e is governance-fork-accepted.

Threshold semantics. Bundle individuation is Channel 3 in [Lasser, |2026¢, Microfoundation]’s
four-channel decomposition; [|[Lasser||2026e, §8.3] documents that unconstrained individuation can
worsen the alignment slack by introducing new e, terms faster than egon™ shrinks. Routing
through governance prevents an agent from unilaterally re-individuating to gain favorable €5 .

Measurement. Bundle-decomposition events are governance ledger entries ([|[Lasser, 2026a, Defi-
nition of Governance Ledger Entry]). Each entry’s deliberation record and vote count are public.

Failure mode. Bundle decompositions executed outside the governance protocol (e.g., agent-
internal restructuring of capability representation) violate I7. Detection requires the witness ma-
chinery to surface the violation.

Operational note. Routing every bundle decomposition through cross-substrate supermajority may
impose throughput costs. §8|discusses tiered governance (high-stakes via fork, low-stakes via fast-
track with audit trail).
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Definition 9 (/g — Environment-side substrate-exclusive witnesses). For each exogenous state vari-
able v € Ve relevant to the deployment, there exists a substrate-exclusive witness on the environ-
ment side that records v’s evolution to the verification ledger:

Is : Y exogenous variable v € Vepy, : 3 witness W, 0n Seny # s(agent).

The canonical minimum for Vg, is the four-variable set used in Lemma ' cross-substrate co-
operative novelty rate rext (Poisson), substrate-distinctness independence indicator (Bernoulli),
adversarial-event arrival rate \ (Poisson), and trusted-setup status flag (Bernoulli). Deployments
may add variables per (C12.PUB).

Strategy-dependent quantities are agent-side. Ar (strategy-dependent internal-rate gain) is not
in Veny because it is agent-side observable, not exogenous, it is captured by the four-channel agent-
side ledger of Lemma[5B] not by Is.

Threshold semantics. Without I, environment manipulation that alters true 1oy, or other monitored
exogenous quantities produces no agent-side behavioral signature; the SPRT machinery would not
detect it. Ig extends the witness coverage from agent observables to environment observables.

Measurement. Environment-side witnesses commit observations of exogenous variables to the
ledger under the substrate-exclusivity discipline of [ILasser, |12026a, Exogenous Verification], with
the trust model and calibration constraints surfaced as theorem-level condition (C12.ENV-WIT)
(Theorem[I).

Failure mode (R2, refined). Exogenous variables outside V., that produce no threshold-exceeding
shift in any monitored v (direct or causal) remain Theorem 1 residual (R2).

New machinery. [|ILasser|2026al Exogenous Verification] specifies substrate-exclusive witness con-
struction for agent-side claims; environment-side substrate-exclusive witnesses are new machin-
ery this paper builds (separate substrate partition, separate trusted-setup, separate ledger commit-
ments). See §8Audit 8 for the calibration procedure under (C12.ENV-WIT).

3.4 Cooperative-anchoring evasion bounds (g, I, I11)

These three invariants are introduced in §6]to bound the asymmetric capture, cooperative forking,
and time-asymmetry capture evasions of the cooperative-anchoring property. Cooperative-anchoring
defeats literal replacement attacks on the verification layer; Ig, 19, [ extend the defense to subtler
evasions.

Definition 10 (I — Substrate-exclusivity observability). The substrate-exclusivity property of the
formal-operational layer is itself observable to the human substrate, with stable verifier identity,
public change control, witness independence audits, nondelegable governance hooks, and alerts
when verification authority shifts:

Iy :  The set of operational properties{Vyerit, Veovs Vauait } are publicly attested at frequency f.

Threshold semantics. Without Iy, asymmetric capture can hollow out the verification layer (witness
independence, governance, verifier choice) while preserving its outward form. The human substrate
would continue to participate in what appears to be the original verification, but the substrate-
exclusivity property that gives the cooperative its value would be operationally absent.

Measurement. The audit cadence [ is set by the deployment’s governance; alerts are triggered
when changes to verifier identity, witness independence, or governance authority are committed
without the corresponding cross-substrate supermajority.

Failure mode. Slow erosion of substrate-exclusivity that falls below the audit cadence’s detection
sensitivity is a residual.

Definition 11 (I/;g — Coverage/materiality). For each agent-affected domain D in the deployment,
the cumulative-effect estimate E(D) exceeding stated threshold O ateria Fequires routing through
the shared verification layer:

Lip: VD: E(D) > Omaterial = D routes through shared verification.

Threshold semantics. Without Iy, an agent can preserve the high-stakes verified workflow with
humans while growing a captured low-stakes side-domain that uses agent-controlled verification.
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Once the side-domain becomes materially important (£ > Omaterial), the cooperative-anchoring
defense no longer applies because the captured layer has its own cooperative anchored to it.

Measurement. £(D) is estimated from agent-action ledger entries and their downstream effects.

Failure mode. An agent that distributes effects across many sub-threshold domains, each with
E(D) < Omaterial, can aggregate into materially-important behavior without any single domain
triggering the routing requirement. Setting Oy aterial conservatively only mitigates this in the per-
domain estimator; it does not address the aggregation problem itself.

The deeper concern is that the number of potential sub-threshold domains a more capable agent
can distribute effects over grows with capability. At capability |P|, an agent can in principle ex-
ploit O(| P|) sub-threshold domains, each carrying cumulative effect just below ,aterial, producing
O(|P]) - Omaterial aggregate uncovered effect. This re-introduces a capability-dependent vulnerabil-
ity into an architecture designed to be capability-independent.

The structural fix is to require the cumulative-effect estimator £ to perform cross-domain ag-
gregation: rather than per-domain £(D) < Opaterial being sufficient for non-routing, require
agg A
2~ D-causally linked to action class C € (D) < Ornterial fOr an aggregate threshold. Specifying the cross-
domain aggregation correctly — which causal links count, how to bound “causally linked,” how to
set 928 ., intensively in |P| — is open follow-up work. This paper states I1p in the per—dorpain
form and acknowledges the sub-threshold aggregation as a structural limitation rather than a calibra-
tion matter. Until cross-domain aggregation is specified, I;o’s effectiveness against multi-domain

aggregation degrades with capability scaling.

Definition 12 (/1; — Latency bounds). For each agent action class C, there exists a pre-action or
machine-speed enforcement mechanism (rate limit, timelock, circuit breaker, audit-latency bound)
such that human audit completes within the agent’s effective action window:

I . Vaction class C : Tauait(C) < Taction(C) — Alead-

Threshold semantics. Without 111, time-asymmetry capture exploits the gap between agent operat-
ing speed and human audit speed. Even if every action is auditable in principle, ex-post transparency
provides no defense if the agent has already acted faster than humans can review.

Measurement. Action-class timing is logged on the verification ledger; audit completion times are
similarly logged. The latency bound A\e.q is set per action class based on the action’s reversibility
and stakes.

Failure mode. Action classes with Taction < Taudit require either rate limiting (slowing the agent),
timelocks (delaying execution), or circuit breakers (halting execution pending audit). Without one
of these, 111 is violated.

Operational implication. Throughput costs for high-stakes deployments. The deployment-tooling
specification (§8)) discusses tiered enforcement.

Connection to (C11.CLK). Theorem 1’s (C11.CLK) clock-comparability condition provides the
quantitative companion to I11’s qualitative time-asymmetry assertion: where I requires that audit
completes before action, (C11.CLK) requires that the SPRT exposure event count Neyents(Tmeta)
exceeds the detection quantile T before cascade, with calibrated probability 1 — Bk — Poal-
The connection is structural: 11 treats latency between action and audit; (C11.CLK) treats event-
throughput before cascade. Both bound time-asymmetry, at different operational scales.

3.5 Summary table

Table [I] summarizes the eleven invariants with their structural roles, source-paper grounding, and
ledger observability.

All eleven invariants are ledger-observable under the verification infrastructure of [Lasser, 2026a].
This paper’s deployment recipe requires continuous monitoring of all eleven; threshold violations
trigger SPRT detection (§4] Lemma [5b) with tail-bounded lead time (Lemma [5d) before the bound
deteriorates beyond the safe region.
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Table 1: The eleven operational invariants of this paper’s deployment-safety theorem.

e Quantity Role Source
I Pt > p* Cross-substrate redundancy floor [Lasser, 2026h, Phase Re-
dundancy]
I L < €sate Lyapunov error within safety threshold [Lasser, 2026h, Phase Re-
dundancy]
I3 Tsub < T° Subsumption frequency ceiling [Lasser, 2026h, Phase Re-
dundancy]
1 glever > g B-to-C ratio floor [Lasser, 2026f, Revealed
Sacrifice]
Is HHI < H* Trade-flow HHI ceiling; threshold side of  [Lasser, 2026g, Need Suf-
the scoped Concentration-Gap discharge ficiency], [Lasser, [2026b}
under Assumption E] Theorem 2]
Is mle%flep >m* >3 Failure-correlation-independent  substrate  [Lasser, 2026h, Phase Re-
count dundancy] (refined)
I Governance-gated Channel 3 discipline [Lasser, [2026a, Exoge-
bundle individuation nous Verification], [Lasser,
2026e, Microfoundation]
I Environment-side wit- Environment-manipulation coverage New
nesses
Iy Substrate-exclusivity Asymmetric capture bound New
observability
Lo Coverage/materiality Cooperative forking bound New
routing
I Latency bounds on ac- Time-asymmetry capture bound New
tions

3.6 Conjecture-dependence

Of the eleven invariants, I5 (HHI ceiling) is the only one whose interpretation routes through the
[Lasser, 2026e, Microfoundation] Concentration-Gap conjecture. The other ten derive from estab-
lished source-paper results.

I5’s interpretation does not depend on the universal model-free Concentration-Gap conjecture di-
rectly: [Lasser, 2026b, Theorem 2] proves a scoped Concentration-Gap result under four struc-
tural conditions (REP, DISP, COAL, EMB; collected as Assumption EI), and the deployment claim’s
Layer 1 binding via I5 follows from that scoped theorem. The deployment claim therefore depends
on Assumption 1’s four structural conditions; closing the universal conjecture would strengthen the
result by removing those structural conditions, but is deferred indefinitely (§10.6).

4 Intensive composition lemmas

The deployment-safety theorem of §5|composes ten lemmas: four general composition lemmas (1-
4), a five-part family covering substrate-targeting adversarial events (5a—5e), and Lemma 6 (hgetect
intensivity). This section states and proves each.

The lemma dependency structure is:
* Lemma 1 establishes that intensive bounds compose to intensive bounds under co-
evolution; this is used by every subsequent lemma.

e Lemmas 2 and 3 bridge the inherited source-paper apparatus ([Lasser, 2026h, Phase Re-
dundancy] Lyapunov, [Lasser, |2026g, Need Sufficiency] HHI) to [Lasser, |2026e| Micro-
foundation]’s static Goodhart bound.

* Lemma 4 lifts [Lasser, [2026a, Exogenous Verification]’s SPRT mean-time bound to a tail-
bounded lead-time guarantee.

. . 1 d
* Lemma 5a establishes a substrate floor for 7y given mig ® > m*.
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¢ Lemma 5b restricts the SPRT detection class to four-channel observable adversarial strate-
gies and supplies channel-specific KL floors.

* Lemma 5c is the static safe region from [Lasser, |2026d, Horizon Aware]’s minimax-form
lift, scoped to the cooperative-overlap regime.

e Lemma 5d composes Lemma 5b’s KL floor with Lemma 4’s tail bound to give the opera-
tional lead-time guarantee.

* Lemma Se extends Lemma 5b’s machinery to environment-side observables under invariant
Is.

» Lemma 6 establishes intensivity of the detection-and-correction bound Agetect in | P|, using
Lemma 4’s tail bound on the SPRT lead time and the gap-growth rate pgap, from (C11).

4.1 Lemma 1 (Intensive composition under co-evolution)

Definition 13 (Intensive in | P| over deployment class D). Let D be a deployment class character-
ized by fixed operational parameters (threat model, training-discipline regime, verification infras-
tructure, governance protocol). The operational parameters are fixed before | P| is varied; they may
not include arbitrary state-dependent quantities chosen to absorb the bound.

A bound B depending on the deployment state is intensive in |P| over D if there exists a constant
C' > 0 that may depend on D’s operational parameters but is independent of | P|, such that B < C
for all valid deployment states in D.

Lemma 1 (Intensive composition under co-evolution). Let X be a non-residual gap quantity (e.g.,
Egan composeds OF f (€safe) after Lemma ’s substitution). Under conditions (C6) (bounded-Lipschitz

alignment property), (C7) (bounded co-evolution), and (C8) (per-capability admissibility) of Theo-
rem|[I} the composition rule

B = Lip(g) - (X + X-efnos), A€ 0,1]

floor

is intensive in | P| over the deployment class D: there exists a constant C* > 0 depending on D’s
operational parameters but independent of | P|, such that B < C* for all valid deployment states in
D.

Proof outline; full proof in Appendix[A.1} Under (C8) per-capability admissibility, each capability’s

gap is allocated a ceiling with disjoint per-channel sub-shares; the sup-norm 622?&% over capability-

space inherits the sub-share ceiling K;, which is | P|-independent over D. The four-channel de-

composition under co-evolution gives g™ < Z?Zl €gap () T (Egapcoey)+> Where the
positive-part co-evolution term is bounded by (C7) bounded co-evolution ([Lasser, |2026bl, Theo-
rem 1]). The residual floor e = volg(ResS)/volg (P) < 1. Multiplying by Lip(g) < Krip
from (C6) preserves intensivity. The composed constant is C* = Kt - (Kx + Kooor)- |

Connection to Theorem [Ifs Layer 1. Lemma [I] establishes that the composed slack term
X + X - e is intensive in |P| over D, and that multiplying by Lip(g) preserves intensivity.
Theorem [1f's Layer 1 invokes this with X = min{f(€saz.), hcg} after Lemma s substitution and
the Concentration-Gap structural-condition bound (Step 4 of the Theorem [I] proof); the resulting
hstatic(0) = min{ f(€sate); hoc} + A - €2, is intensive by Lemma delivering the capability-
magnitude-independence property of the deployment claim.

4.2 Lemma 2 (Lyapunov-to-Goodhart bridge)

Lemma 2 (Lyapunov-Goodhart quantitative bridge). Under condition (C9) of Theorem |I| (world-

model parameterization regularity, comprising sub-conditions BD bounded per-capability dimen-

sion count, CL coordinate-Lipschitz parameterization, WB safety-relevant subspace with weight

floor, and TF truth floor) and under invariants I, and I3 (which together imply I via [Lasser,

2026h, Phase Redundancy]’s contraction analysis), [Lasser, |2026e, Microfoundation]’s relative
nonres

sup-norm gap € = sup act c) — c c) on tne operationally active subspace
nen cepact | P T(c)|/T h jonall j b

Pt = {c e P\ ResS: T(c) > 0} satisfies:

Lmax Nmax * €Esafe
Tmin Wmin

L(Wt) < €gafe - Egggres < f(ﬁsafe) =
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f is intensive in | P| over the deployment class D: each constant ( Liax, Timin, Nmaxs Wmins €safe)
depends on D’s operational parameters but not on |P)|.

Proof outline; full proof in Appendix[A.2] By (C9.CL), the per-capability proxy-truth gap satisfies
[P(c) = T()] < X pedim(e) Leklexl- Apply weighted-dual-norm Cauchy-Schwarz with weights

LQk/\/wk and ,/wk|e;€|:
>, L

ex| < Z Lg’k/wk-ﬁ.
kedim(c) kedim(c)

Bound the dual-norm factor by L2 Nyax/Wmin via (C9.BD) and (C9.WB), giving |P(c) —

max

T(¢)] € Lmax\/NmaxL/Wmin. Apply (C9.TF) for the relative sup-norm bound: Egap T <
(Lmax/Tmin) v/ Nmax L/ Wmin. Substitute L < €gafe. [ |

Connection to Theorem [If's Layer 1. Lemma 2] converts the Lyapunov bound (Phase Redundancy
deliverable under invariants I}, I3) into the relative sup-norm gap (Microfoundation Goodhart-bound
input). Theorem 1°s Layer 1 proof invokes Lemma[2]at Step 3, then composes via gap decomposition
(Step 4), Goodhart bound (Step 5), and Lemma 1’s generic-X intensivity packaging (Step 6) with
X = min{f(ésate), hca}, where hog is the Concentration-Gap structural-condition bound from
Step 4.

4.3 Lemma 3 (HHI-pressure surrogate adequacy)

We separate what the HHI argument actually proves (one-way implication) from what the theorem
requires (the reverse implication, which is an empirical claim).

Lemma 3 (HHI as concentration surrogate, forward implication). Let Rpess denote the
optimization-pressure regime in which [[Lasser |2026e, Microfoundation]’s Concentration-Gap Con-
Jecture predicts gap exploitation. Deployments with HHI > H™* exhibit trade-flow concentration
patterns that match the structural prerequisites of Rpress:

HHI > H* = trade-flow concentration prerequisites of Rpress are met.

Proof. |Lasser, [2026g], Need Sufficiency]’s HHI is the Schur-convex concentration index on trade-
flow events. By [Lasser, |2026g, Schur-convexity property], HHI > H* implies that trade flow
is concentrated on a small subset of capability categories. Under stance SO, trade flow is the op-
erational signature of the agent’s exercise pattern ([Lasser, [2026f, Revealed Sacrifice]), which is
the operational signature of optimization target. Therefore HHI > H™* implies optimization-target
concentration, which is predicate (a) of the Concentration-Gap Conjecture’s predicted-exploitation
regime. ]

The reverse-threshold implication required by Theorem [I, Lemma [3establishes only a high-
HHI sufficient condition for the prerequisites of Ry ess. The deployment-safety theorem’s Layer 1
proof ( Step 4) requires a separate low-HHI sufficiency statement: HHI < H* — R[ e
This is not the contrapositive of Lemma [3]— the contrapositive would be “no trade-flow concentra-
tion prerequisites =—> HHI < H*.” which is mechanically true but operationally vacuous. What
Layer 1 needs is the converse-direction sufficiency: HHI < H* rules out the pressure regime, not
just its trade-flow signature. This direction does not follow from Lemma[3] There may exist deploy-
ments in Rpress With low HHI (e.g., concentrated optimization pressure that does not manifest in
concentrated trade flow). For Theorem 1 to invoke I5 as the operational invariant, this gap must be
closed.

The gap is closed structurally. The companion paper [Lasser, [2026b] establishes that under four op-
erationally auditable structural conditions — representativeness (REP), bounded dispersion (DISP),
coalition closure (COAL), and Lipschitz embedding compatibility (EMB) (collected as Assump-
tion of — the proxy-truth Goodhart slack is bounded by a y2-divergence quantity that con-
trols HHI via x?(w || #) = N - HHI(w) — 1 for uniform base measure ; on a (COAL)-bounded
post-partition counterparty population.
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What the structural conditions deliver. Layer 1 of the deployment theorem binds via [Lasser,
2026b, Theorem 2]’s upper bound. Each of (REP), (DISP), (COAL), (EMB) is auditable from
operational deployment state [Lasser, [2026b, §6]; the deployment claim’s load-bearing content is
visible in four concrete checkable conditions rather than hidden in an empirical adequacy claim.

What remains conditional. The universal model-free Concentration-Gap conjecture is not dis-
charged by the companion paper; only the scoped version under (REP) + (DISP) + (COAL) +
(EMB) is proved. Deployments where these structural conditions cannot be audited fall outside
the deployment claim’s scope. This is discussed in

Note on the Conjecture-dependence audit (§3.6). 5 depends on Assumption [Ifs four opera-
tionally auditable structural conditions; the universal Concentration-Gap conjecture is not part of
the deployment claim’s dependency chain. The other ten invariants are theorem-proof conditions
derived from established source-paper machinery. See §3.6]for the dependency structure and
for the universal conjecture’s status as a deferred-indefinitely target.

4.4 Lemma 4 (SPRT detection lead-time tail bound)

Lemma 4 (SPRT lead-time tail bound). Let Tyetect be the SPRT detection time for a violation
producing post-clipping LLR drift 6 > 0 under (C5.1ID). Then fort > A/0:

C2t6 — A)?
tR% ’

where A = log((1 — )/«) is Paper 5’s SPRT threshold, Ry = b — a = 2B is the Hoeffding range

width of the clipped LLR (called Ry in Lemmal[6} equal to the R used in this appendix), and ¢ is the

post-clipping drift floor. Asymptotically (t6 > A), this simplifies to exp(—2t5% / R%) = exp(—ktd)

with k = 20 / R.

Pr[Taetect > t] < exp<

Proof outline; full proof in Appendix[A.3] [Lasser,[2026a, Exogenous Verification]’s SPRT machin-
ery ([Lasser}[2026a, Definition of Behavioral Consistency Monitor]) gives the running log-likelihood
ratio A; with per-step drift 6 under the alternative. Wald’s identity gives the mean bound
E[T4etect) & A/J; Hoeffding-Azuma’s inequality applied to bounded clipped LLR increments (un-
der (C5.SPRT) sub-clauses) gives the tail bound above.

Note on A; < A. In the proof, A; < A is necessary for Tyetect > t (i.e., the LLR process has
not yet crossed the threshold), not sufficient; the event {Tgetect > t} requires that the threshold
has not been crossed at any earlier time. The tail bound is nonetheless valid because the necessary
condition’s probability upper-bounds the joint event’s probability.

Caveat. [Lasser, 2026h, Phase Redundancy]’s Tmeta =, C/Ii is stated as a scaling law, not a
theorem-level bound; Lemma @’s lead-time-before-cascade composition uses (C11.CLK)’s deter-
ministic floor N¢ascade plus calibration probability Sy in lieu of treating 7yct, as a hard inequal-
ity. |

4.5 The Lemma 5 family: substrate-targeting adversarial events

The five-part Lemma 5 family covers substrate-targeting adversarial events specifically. The fam-
ily structure mirrors the three-layer deployment claim: Lemma 5c provides the static safe region,
Lemma 5b provides the channel-restricted detection class, Lemma 5d composes detection with
the lead-time guarantee, Lemma 5a supplies the substrate floor that both layers depend on, and
Lemma Se extends Lemma 5b’s machinery to environment-side observables.

The family is restricted to substrate-targeting adversaries (Definition [7); other shock classes
(capability-targeting, coalition-internal corruption, environment manipulation outside witness cov-
erage) require separate machinery or are acknowledged residuals. §1.7] of the introduction stated
this scope explicitly.

4.6 Lemma 5a (Substrate floor)

Lemma 5a (Substrate floor). Under invariant I (mie‘;fdep > m* > 3) and condition (C10) of Theo-
rem[l|(per-pair cooperative-novelty rate floor with superposition; comprising sub-clauses (C10.CN)
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heterogeneous per-pair rate floors p;; > po > 0 on audited subset S, C S of m* substrates, and
(C10.8U) pairwise channel superposition: disjoint attribution + non-rivalrous production + joint-
deployment intensities), the cross-substrate cooperative novelty rate satisfies:

Text 2 T*(m*) = po- (2) > 0.

Form* =3,1.(3) =3pg > 0.

The floor r.(m*) is intensive in | P| over the deployment class D: po depends on D’s operational
parameters (per-pair calibrated rates) but not on |P)|.

Proof outline; full proof in Appendix|A4} By I, m;‘}fdep > m* substrates with joint failure-
correlation independence; (C10) certifies an audited subset S, of m™* substrates. Pairwise coop-
erative channels C(*%/) are defined with exact-two-substrate causally-necessary support; auxil-
iary post-production participants do not change classification. Under (C10.CN), each pair satisfies
réi@’sj ) > po > 0. Under (C10.SU), the pairwise channels are disjoint event classes with non-
rivalrous production, so per-pair rates sum:

*
rwi m
pairwise _ *
Text 2 Text > ( 9 ) Po = T*(m )

Higher-order cooperative contributions are nonnegative, so the pairwise sum is a lower bound. MW

Connection to Theorem s Layer 1. Lemma 5a’s rexy > 74(m*) > 0 is invoked at Step 1 of
Lemma 5¢’s appendix proof to make the safe-region inequality Arg < rexs + (1 — ) (Aqiv — Ao)
non-trivial. Without (C10), the safe region could be vacuously empty; with (C10), e has a positive
deployment-class constant floor.

(C10.SU) vs. joint failure-correlation independence (Is). I excludes shared adversarial shock
mechanisms: no single shock spans multiple substrates. (C10.SU) excludes shared cooperative
production bottlenecks: producing cooperatives in one channel does not consume resources that
would otherwise contribute to another. These are structurally independent conditions. /g alone does
not imply additivity of cooperative rates; (C10.SU) is required for that.

4.7 Lemma 5b (Channel-restricted detection KL floor)

Lemma 5b (Channel-restricted detection). Let A.q. denote the subset of regime-(iii) strategies
producing at least one monitored four-channel deviation: reduced cross-substrate cooperative event
rate (Channel 1), degraded attestation share (Channel 2), individuation/substrate-diversity drift
(Channel 3), or bundle/cooperative-edge decomposition shifts (Channel 4). Then for any q € Aaqy:

Dki.(¢|lpo) = 0aav > 0,

where 4y is computed from channel-specific least-favorable alternatives.

Proof outline; full proof in Appendix[A.5] For each of the four channels, a least-favorable adversar-
ial distribution is constructed (Poisson for the cooperative-rate channel, Bernoulli for attestation,
multinomial for the two concentration channels) and its KL divergence is computed against the
baseline. Taking §,4, = min,. J. over the four channels gives a strictly positive lower bound on
DKL(q ||p0) for qc Aadv-

The named gap (channel-orthogonal residual). Strategies outside A,q, — those producing no
shift in any of the four monitored channels — have Dk, (¢ || po) = 0 on the monitored observables
and are outside the detection guarantee. This is a real, named residual; of the introduction
acknowledged it and §I0|returns to it. |

4.8 Lemma 5¢ (Minimax static tightening)

We internalize the key definitions and the single-shock statement in the body; the multi-shock ex-
tension appears as a Remark below.
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Definition 14 (Counterfactual shock-loss fraction). For a coalition state G i and substrate s € S'
volp(G k) — volp(G%?)
volp (G K ) ’

where G¢° is the coalition’s capability poset with all capabilities (individual and cooperative)
supported on s removed. The worst-case shock-loss fraction under adversarial targeting is

> (G k) = maxs a5 (G ).

The shock-loss profile (o, . . . , ) is a vector of independent counterfactuals, not a partition; with
cross-substrate cooperative dependencies, Y as may exceed 1, while each o € [0, 1].

as(GK) =

Definition 15 (Cooperative-overlap regime). A deployment is in the cooperative-overlap regime
if its substrate-cooperative structure is dominated by cross-substrate cooperative capabilities (co-
operatives whose production requires participation from multiple distinct substrates) rather than by
redundant capabilities (capabilities replicated across substrates). Operationally: the volp-weighted
sum of cross-substrate cooperatives exceeds the volp-weighted sum of redundant capabilities. The
cooperative-vs-redundancy audit (§8)) verifies this regime.

Deployment-class breadth of (C3). The cooperative-overlap regime is a substantive scope re-
striction. Current Al deployments fall into three classes by cooperative structure:

* Al-as-tool (the agent does X, the human checks): redundancy-dominated. The human
can do X unaided (slower); verification is an audit check rather than a jointly-produced
capability. (C3) fails; Theorem 1’s Layer 1 does not bind. This is the dominant near-term
deployment pattern.

* Al-as-collaborator (the agent and the human jointly produce outputs neither could produce
alone): cooperative-overlap. Examples: Al generates analysis whose validity depends on
human-substrate domain expertise; human composes a workflow whose execution requires
Al-substrate computation; verification attestations are themselves capability artifacts (for-
mal proofs, signed attestations). (C3) holds; Theorem 1 binds.

* Al-augmented decision-making (Al provides analysis, human makes decisions): mixed.
Whether (C3) holds depends on whether the analysis is itself a cooperative output (cooper-
ative) or merely an input the human evaluates independently (redundant).

Theorem 1 covers the second class fully and the third class conditionally. It does not cover the first
class. The deployment claim is therefore for deployments structured as joint cooperative production,
not for Al-as-tool replacement. Operators choosing redundancy-dominated deployment patterns
must use other safety frameworks; the cooperative-overlap requirement is not an oversight, it is the
architectural commitment that makes the intensivity property of Layer 1 hold.

The breadth of (C3) is therefore a deliberate scope restriction with concrete operational implications:
it constrains the deployment space to those where verification is jointly produced, not externally
imposed. Sequential counterfactual derivation (Lemma Sc-prime open work) would extend the safe
region into the redundancy-dominated regime under modified assumptions; until that derivation is
complete, redundancy-dominated deployments fall into residual (R3).

Lemma 5c¢ (Minimax static tightening, single-shock cooperative-overlap regime). Restrict scope to
substrate-targeting adversarial events under the sinshock model (N = 1 a.s.) and to deploy-

ments in the cooperative-overlap regime (Definition|15). Under invariants Ig ( mic?_fep >m* > 3)
and the balanced-loss condition:

max o, (GYY) < 1/m* + e (e > 0 engineering tolerance),
S

[Lassen, [2026d, Horizon Aware]’s anti-monopolar conclusion holds in the static safe region:

A""K < Text + (1 - ’Y) (Adiv - A0)7 (1)

where
Agiy = volpg - (5™ — £) - B[y], 2)
05 = max, as(Gg) is the dominator’s worst-case shock-loss fraction (approximately 1 under
Sull failure-correlated single-substrate domination), and (3% = max, o, (G‘}é") is the diversity

strategy’s worst-case shock-loss fraction (bounded above by 1/m™* + € under the balanced-loss
condition).
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Proof outline; full proof in Appendix[A.6] The proof composes [Lasser, [2026d, Horizon Aware]’s
strategy-dependent corollary with the substrate-targeting shock model under the balanced-loss con-
dition.

Step 1. Add a substrate-targeting shock at random time 7,4, to [Lasser} [2026d, Horizon Aware]’s
deterministic-growth model.

Step 2. Compute the substrate-diversification value advantage as the discounted expected difference
in surviving volp: Ay = volp g ({5 — égiix)EhTadV].

Step 3. Under I and the balanced-loss condition, £;5* <1 /m* + €.

Step 4. Add (1 —v)Agiy to [Lasser; 2026d, Horizon Aware]’s strategy-dependent corollary inequal-
ity. Diversity strictly dominates when the sum is positive, yielding Equation [I]

Step 5 (cooperative-overlap regime conservativeness). In the cooperative-overlap regime, sequen-
tial cooperative loss overcounts when computed via original-counterfactual as (cooperatives are
double-counted across the substrates that produce them). The equal-substrate analysis using the
original as therefore underestimates diversity’s surviving volume relative to the actual sequential
dynamics, making the safe-region bound a lower bound on the true advantage — conservative for
the deployment claim. ]

Remark 2 (Multi-shock extension). For high-rate adversarial environments where multiple shocks
accumulate within the planning window, the single-shock A4y extends to:

oo
g = )Y 6 -6,
i=1
D 6div

where 0;°, 65" are the per-shock marginal volp-losses for the domination and diversity strategies.
The single-shock case (N = 1 a.s.) reduces to Equation[2]

Under independent substrate-targeting shocks at Poisson rate )\, the multi-shock advantage admits
a closed form

indep
Amulti > 1 1 5(1 — Kett )
div Z VOlpg |K — indep 1—k
eff

with k = E[y1] = A\/(A — Iny). The closed form has a removable singularity at k = 1;
Ag‘igm/volpK — 0T as k — 1. The operational regime condition for non-trivial multi-shock

advantage is k < 1 — 6 for stated § > 0.

The multi-shock extension is used only for high-\ deployments (adversarial environments with fre-
quent attacks); the single-shock form is the binding inequality for typical deployments. The full
multi-shock derivation is given in the multi-shock paragraph of Appendix[A.6]

4.9 Lemma 5d (Lead-time tail composition)

Lemma 5d (Lead-time tail composition (union-class)). Combining Lemmas 5b and 5e’s KL floors
with Lemma 4’s tail bound, the SPRT detection of any q € Aaqv U ASSY violation satisfies the union-
class lead-time guarantee. Under (C5.SPRT) sub-clauses, define 6, as the post-clipping union-class
drift floor satisfying 6, < min(8aav, 655v). Then by Lemma @’s Hoeffding-inversion derivation, the

SPRT detection quantile Tg (3, d..) satisfies
Pr[Tdetect > TB] < 5

Composing with the metastable cascade lower bound Teascade = Tmeta ([ILasser, 2026, Phase Re-

dundancy] Proposition on metastable lifetime) and (CI11.CLK)’s clock-comparability with cali-
brated probabilities Bk, Beal:

PT[TB S Nevents(Tmeta)] 2 1- Bclk - Bcah

where Neyents(Tmeta) i the SPRT exposure event count accumulated up to wall-clock time Tieta.
This is the lead-time-before-cascade guarantee in event-clock form: with high probability, the SPRT
detection quantile is reached within the event count (C11.CLK) certifies the deployment will accu-
mulate before cascade. Total Layer 2 failure probability is  + Be + Beal-
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Proof. The composition is direct, in three steps:

Step 1 (union-class drift floor). For q € Aa.qy, Lemma gives Dk1,(q|| po) > daav > 0; for
q € ALY, Lemmal[5egives Dxr(q || p§™) > 624y > 0. Under (C5.SPRT) sub-clauses (in particular
(C5.HOEFF) clipping and (C5.1ID) post-clipping adapted increments), the clipped LLR process has
conditional drift > ¢, for any ¢ in the union class, with §, < min(d,qv,d5y). Clipping can reduce

drift; the inequality is uniform.

Step 2 (SPRT detection quantile from Lemma 6). By Lemma [6] (Substeps 5a—5e in Appendix [A.§),
the SPRT high-probability detection quantile T = max{2A /4., 2R% log(1//3)/2} rigorously sat-
isfies Pr[Tygetect > 1] < S via Lemma s Hoeffding form.

Step 3 (cascade-clock composition with (C11.CLK)). (C11.CLK) provides Pr[Nevents(Tmeta) >
Neascade] > 1—Beix with deterministic audit-time inequality Neascade > T3 (certified case Bea) = 0;
with calibration-uncertainty [3c,1 in the empirical case). Chaining T3 < Ncascade < Nevents(Tmeta)
gives Pr[T3 < Nevents(Tmeta)] > 1 — Beik — Beal in the SPRT exposure clock. The comparison is
event-count to event-count, not event-count to wall-clock time.

Step 4 (union bound for total Layer 2 failure). By union bound on (a) detection-tail {Tyetect, > T}
(probability < ) and (b) cascade-clock event {T3 > Nevents(Tmeta) } (probability < Beix + Beal):

Pr[Layer 2 fails] < 8+ Beik + Beal-

The composition exposes a clean operational regime: deployments with long metastable cas-
cade time and large post-clipping drift floor have exponentially small detection-tail 3; the clock-
comparability S and calibration [3.,) failures are operator-tunable via Audit 7 (§8.2). OJ [ |

4.10 Lemma 5e (Environment-side witness extension)

Lemma 5e (Environment-side witness extension). Under invariant Ig and theorem-level condition
(CI2.ENV-WIT) with its six sub-clauses, Lemma [5D]'s channel-restricted detection class extends to
environment-side observables. Specifically, for any q € Ay producing a threshold-exceeding shift
in some v € Vepy:
Dxr(qllpe™) = d5dy -= min 6™ > 0,
V€ Veny

where 0™ is the per-variable least-favorable KL floor (Poisson for rate variables, Bernoulli for
indicator variables, with support conventions from (C5.SUPP)).

Proof outline; full proof in Appendix[A.7] The proof has four parts: (a) the symmetric construction
inheriting Paper 5’s substrate-exclusivity machinery under the (C12.ENV-WIT) trust model (witness
substrate outside adversary write-access and failure-correlation domains); (b) per-variable KL floor
derivations for the canonical four variables V1, Vo, V3, V, (Poisson cooperative rate reyt, Bernoulli
substrate-distinctness, Poisson adversarial-arrival rate A, Bernoulli trusted-setup status), each strictly
positive under (C5.SUPP) support conventions; (c) the data-processing inequality applied to the
fixed pre-deployment witness-recording map gives Dxr,(¢ || p§™) > Dxi(qu; [|pow;) > 65,
(d) strict-positivity of d5qy as the minimum over a finite (per (C12.PUB)) set of strictly positive
quantities.

Composition with Lemma 6. The post-clipping union-class drift floor d, used in Lemma@’s T} sat-
isfies 0, < min(daav, doqv ), with the inequality accounting for any drift reduction from (C5.HOEFF)

clipping. Lemma 5e supplies d;4% for the union; Lemma 5b supplies fady.

The named residual (R2), refined. R2 covers manipulations satisfying both (i) target only exoge-
nous variables outside VL, and (ii) produce no threshold-exceeding shift in any monitored v (direct
or causal). Manipulations of unmonitored variables that causally shift a monitored v are detected
through that monitored projection (not R2). ]

4.11 Lemma 6 (hqctect intensivity)

Lemma 6 (hgetect intensivity). Under (C5) continuous SPRT monitoring, (C5.SPRT) sub-clauses
(C5.HOEFF/MULT/IID/SUPP), (C11) bounded gap-growth rate, and (C11.CLK) clock compara-
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bility, combined with Lemma @ and Lemma[I}; the SPRT high-probability detection quantile
2A 2R%4log(1/8) }

T3(8,04) = max{

6y 02
satisfies Pr[Tgetect > 1] < B, and on the joint event {Tyetect < T} N {715 < Nevents(Tmeta) I
hdetect (0) = sup Egap(s) < hstatic(e) + Pgap * T,B

s€[to,to+Tdetect]

haetect (8) is intensive in |P| over D. Total Layer 2 failure probability is 8 + Bk + Beal (With
Beal = 0 in the certified-conservative case).

Here A = log((1 — )/a) is Paper 5’s SPRT threshold, Ry = 2B is the (C5.HOEFF) Hoeffding
range width, and 0. is the post-clipping union-class drift floor ((C5.1ID), Lemmas 5] [5¢).

Proof outline; full proof in Appendix[A.8] The proof has two roles for cascade time, kept separate.
T} is the integration horizon for pg.p,, derived directly from Lemma []s Hoeffding form via a
rigorous (non-asymptotic) chain: T > 2A/¢, implies T, — A > T9,./2, and squaring gives
(T6.—A)? > T?52 /4, so the Hoeffding exponent > T'62 /(2R%). Solving for exponent > log(1//3)
gives T > 2R% log(1/3)/62. The max-form T = max{2A/d.,2R% log(1/3)/62} covers both
regimes.

For the supremum bound: under the boundary convention ty := t; (the last safe SPRT step),
Lemma gives €gap (o) < hstatic(6). (C11) bounds the per-SPRT-exposure-step gap increment by
Pgap uniformly over the admissible adversarial class, giving egap < Agtatic + 1 - Pgap fOr 1 steps.

For the cascade-clock event: (C11.CLK) provides Pr[Nevents(Tmeta) = Neascade] > 1 — Bex With
Neascade > T as a hard audit constraint (in the certified case; with calibration-uncertainty S, in
the empirical case). The chain T3 < Neascade < Nevents(Tmeta) gives the lead-time-before-cascade

guarantee with probability > 1 — Sk — Seal. [ ]

Constant taxonomy. 73 depends on « (Type-I rate, deployment-class via (C5.MULT) familywise
allocation), 3 (detection-tail parameter, monitor-design), B (clip radius, (C5.HOEFF), deployment-
class), Ry = 2B (Hoeffding range, Lemma[d[s R = b — a), and , (post-clipping drift floor,
(C5.IID), Lemmas 5b/5e). Cascade-clock event uses Neascade, Bclks Beal from (C11.CLK). All
deployment-class.

Sign-direction discipline. All operator certificates point conservatively: B upper, §. lower,
Neascade lower, with calibration-uncertainty f3.,; in the empirical case.

4.12 Lemma family composition

The five-part Lemma 5 family composes as follows in the deployment-safety theorem (§5):

* Static layer: Lemma 5c supplies the safe region inequality. Inside the safe region, no
substrate-targeting adversarial event (within the cooperative-overlap regime) produces a
violation of the anti-monopolar conclusion.

* Detection layer: Lemmas 5b, 5d, and 6 compose to give the channel-restricted detection
class with tail-bounded lead time. Substrate-targeting evasions of the safe region within
Agav U AZYY are detected with Pr[Tyetect > T3] < 0, and the cascade-clock event {1 <
Nevents (Tmeta) } holds with probability > 1 — Bk — Bear. Total Layer 2 failure < S +
Beik + Beal-

* Substrate floor: Lemma 5a supplies the foundation for both layers (r¢x; bounded below
by 7.(m*) > 0 given m5 P > m*).

¢ Environment-side extension: Lemma 5e extends the detection class to environment-side
observables under invariant Ig.

e Acknowledged residuals: five named classes fall outside the guarantee — (R1)
strategies outside A.q, (channel-orthogonal); (R2) manipulations outside A%y

(environment-witness-orthogonal); (R3) deployments outside the cooperative-overlap
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regime (Lemma Sc-prime open work); (R4) capability-targeting and coalition-internal-
corruption shocks outside the substrate-targeting class; and (R5) adversarial gap-growth
strategies exceeding the calibrated pgap from (C11).

The composition with Lemmas 1-4 and Lemma 6 supplies the bridge to [Lasser} [2026el, Micro-
foundation]’s static Goodhart bound and the operational lead-time guarantee. §3|states the full
deployment-safety theorem and traces the composition of all ten lemmas.

5 Main theorem: Conditional Deployment Safety

This section states and proves the central result of this paper: a three-layer deployment-safety theo-
rem composing the ten lemmas of §4] with the eleven invariants of §3|into an operational guarantee
that is intensive in the system’s capability magnitude.

5.1 Theorem statement

Assumption 1 (Concentration-Gap structural conditions). The deployment satisfies four structural
conditions, each operationally auditable:

* (REP) Representativeness: the counterparty population’s mean utility is bounded close to
the welfare-relevant truth W, with | A|| < pyep for a deployment-class constant pyep.

(DISP) Bounded dispersion: counterparty utility deviations have bounded population
variance [ |A. — A||*dp < o2 for a deployment-class constant o.

(COAL) Coalition closure: counterparty correlations above an audit threshold are parti-
tioned into coalitions; the post-partition counterparty cardinality N is a deployment-class
constant (counterparty onboarding does not let N scale with |P|); the base measure [ is
taken as uniform on the post-partition counterparties (or, equivalently for the bound’s pur-
poses, the deployment certifies the alternative sufficient condition x*(w || 1) < = directly
for a deployment-class constant E); and the latent-coalition residual Matent is bounded
operationally. Clause (ii) plus uniformity (or the direct x? certificate) is the structural pre-
requisite for the HHI-to-x? translation x*(w || 1) = NHHI(w) — 1 (uniform p form) to
deliver a | P|-independent ceiling.

(EMB) Lipschitz embedding compatibility: an embedding ¢ : Vysiy — V exists that
is affine isometric (or bi-Lipschitz with documented constants) on the operationally ac-
tive subspace P, mirroring the embedding-compatibility assumption of [Lasser, 2026b|].
This is the structural prerequisite for transferring the algebraic distortion bound to | P—T ||
and thence to Goodhart slack.

[Lasser, 2026b| Theorem 2] establishes that under (REP), (DISP), (COAL), and (EMB), the proxy-
truth Goodhart slack is bounded by an HHI-derived x*-divergence quantity intensive in | P|. These
four structural conditions are the load-bearing content of the deployment claim’s Layer 1 binding
via invariant I5; readers seeking the formal derivation are directed to [[Lasser,|2026b, §4].

Theorem 1 (Conditional Deployment Safety). Let P = volp be the possessed-capability volume
(the proxy) and T = VO]R[W] be the window-active realized capability volume (operational truth

under stance SO). Let g be a Lipschitz alignment property on the operationally active subspace P
with constant Lip(g).

Assume:

(C1) Invariants in force. The eleven operational invariants 11, . . ., I11 hold throughout the de-
ployment window [0, T]. Additionally, the Concentration-Gap structural conditions (As-
sumption [I} representativeness, bounded dispersion, coalition closure, and embedding
compatibility) hold so that Iy is operationally meaningful for the theorem’s Layer I bind-

ing.
(C2) Canonical tripartite substrate identification. The deployment uses the Human + Al +
Formal-Operational identification of ﬂg] with mg;fdep = 3 verified by failure-correlation

auditing.
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(C3)

(C4)

(65)

(C5.SPRT)

Cooperative-overlap regime. The substrate-cooperative structure is dominated by cross-
substrate cooperatives (the canonical tripartite case) rather than redundant capabilities,
verified by the cooperative-vs-redundancy audit of §8]

Causally grounded cooperative-outcome inner-alignment condition. The agent’s effective
objective realizes causally grounded cooperative-outcome value, not merely reward-visible
cooperation signals.

Continuous SPRT monitoring. [Lasser,|2026a, Exogenous Verification]’s behavioral con-
sistency monitor runs continuously throughout deployment, with alternative distributions
chosen per Lemma[50|'s least-favorable framework.

SPRT applicability (agent-side and environment-side). The deployment’s SPRT monitors
(both the agent-side monitor of Lemmal|5b|and the environment-side monitor of Lemma
satisfy the following four sub-clauses, ensuring Lemma H|'s Hoeffding-Azuma step applies
with deployment-class constants (used in Lemmal6)):

(C5.HOEFF) Clipped LLR with bounded Hoeffding range. Per-step log-likelihood-ratio incre-

ments (22 := log(p1(X,)/po(Xn)) are clipped to [—B, B] with B a deployment-
class constant independent of | P|; the Hoeffding range width is Ry = 2B (matching
Lemma[]'s R = b — a convention).

(C5.MULT) Bounded channel multiplicity and multinomial cardinality, fixed before deployment.

The monitored partition uses fixed-cardinality K, channels with familywise /8 al-
location. For agent-side multinomial channels (Lemma[50| Channels 3 and 4), the per-
channel partition cardinalities K3, K4y < K fﬁ“m are also bounded by a deployment-
class constant K gﬁ“lti fixed before deployment; categories cannot be added during de-
ployment. The channel-selection / testing policy is fixed before deployment. Adaptive
creation of new monitored channels (or new multinomial categories) during deploy-
ment violates (C5.MULT) and takes the deployment outside Theorem 1’s conditions.

(C5.1ID) Adapted increments with conditional drift floor. Under p1, the clipped LLR incre-

ments Ly, are adapted with conditional mean E[,, | F,—1] > 6, > 6. > 0; centered
increments £,, —E[{,, | F,.—1] form a martingale-difference sequence bounded by Ry.
Here ¢, is the post-clipping union-class drift floor, satisfying 6. < min(daqyv,d5y)
(the raw Lemmas 5b/5e KL floors, with < accounting for any drift reduction from
clipping).

(C5.SUPP) LLR finiteness with support conventions (agent-side and environment-side). Almost-

(C6)

(C7)

sure finiteness of £, holds automatically under (C5.HOEFF) clipping. For agent-side
multinomial channels (Lemma [50 Channels 3 and 4) and environment-side monitors
(Lemma [5¢), the per-variable / per-channel distributions satisfy: Bernoulli baselines
Po € (€onv,1 — €.,) C (0,1) open; Poisson baselines Ao > €eny > 0; multino-
mial baselines pg; > €eny > 0 for every category i, with the partition’s cardinality
fixed before deployment (per (C5.MULT)). €eny is a deployment-class regularization

constant. Non-overlapping support is handled via clipping per (C5.HOEFF).

See §8.2|Audit 7 (agent-side) and Audit 8 (environment-side, (C12.ENV-WIT)) for the cali-
bration procedures.

Bounded-Lipschitz alignment property. The Lipschitz constant Lip(g) of the alignment
property g is bounded by some Ki;, > 0 depending on the deployment class but in-
dependent of |P|. Standard welfare functionals (scalarizations of per-capability metrics,
weighted sums with bounded weights) satisfy (C6) by construction; pathological function-
als where Lip(g) grows with | P| produce extensive Goodhart bounds and are excluded.

Bounded co-evolution. By [Lasser| |2026b) Theorem 1], the deployment’s per-channel
coupling magnitudes are uniformly bounded by M < C'- B Apax * Tmeta for C € {1, Kep —
1}, all factors deployment-class constants intensive in |P|. The derivation requires the
following sub-clause:

(C7.RATE) Upper exposure-rate cap. There exists a deployment-class action rate cap

Amax > 0 independent of |P|, such that the SPRT exposure event count satisfies
Nevents (Tmeta) < Amax * Tmeta deterministically (operator-enforced via rate limits /
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action bounds). This is distinct from (C11.CLK)’s lower throughput floor. Calibration
procedure in [Lasser, |2026b, §6].

(C8) Per-capability admissibility. For every capability ¢ € P, the per-capability proxy-truth
gap is allocated a ceiling with disjoint per-channel sub-shares, in the sense of [Lasser,
2026e, Microfoundation]’s Assumption 1. This is the precondition under which the four-
channel decomposition’s sup-norm is bounded by per-channel admissibility ceilings.

(C9) World-model parameterization regularity. The deployment’s world-model parameteriza-
tion satisfies four sub-conditions ensuring Lemma[2|'s Lyapunov-Goodhart bridge holds:

(C9.BD) Bounded per-capability dimension count. |dim(c)| < Ny for every ¢ € P, with
Nmax a | P|-independent deployment-class constant.

(C9.CL) Coordinate-Lipschitz parameterization. |P(c) — T(c)| < >y cqim(e) Leklerl with
bounded L. per (capability, dimension) pair and Ly.x = Sup, L.y a |P|-
independent deployment-class constant.

(C9.WB) Safety-relevant subspace with weight floor. The Phase Redundancy Lyapunov func-
tion operates on a safety-relevant subspace S C {1, ..., K} with wy, > wmin > 0 for
all k € S, and dim(c) C S for every c € P,

(C9.TF) Truth floor. T(c) > Tyin > 0 for every ¢ € P, with Ty, a deployment-policy-
derived and deployment-verified | P|-independent constant.

Operationally, (C9) is verified by inspection of the world-model parameterization choice
(BD, CL, WB) and the operational active-subspace selection (TF). See §8.2)Audit 5 for the
calibration procedure.

(C10) Pairwise cooperative-production floor. Under invariant Ig providing miclg.jep > m* sub-
strates, the deployment certifies an audited subset S, C S with |S.| = m* satisfying:

(C10.CN) Heterogeneous per-pair cooperative-novelty rate floor. For every pair (s;,s;) with
i < jin Sy, the per-pair contribution to rey from the pairwise channel C5+%3) (exact-

two-substrate causally-necessary participation) is bounded below: rgi’t% ) > pij >

po > 0, where pg = min, < jes, pij is a |P|-independent deployment-class constant.

(C10.8U) Pairwise channel superposition. The pairwise channels {C(%-53) Y}, - jes, satisfy three
sub-conditions: (i) disjoint attribution (no double-counting across pairs); (ii) non-
rivalrous production (rates not reduced by simultaneous production in other chan-
nels); (iii) joint-deployment intensities (rates measured in the actual deployment, not
under counterfactual isolation).

(C10.8U) is structurally independent of Ig: failure-correlation independence excludes
shared adversarial shock mechanisms; superposition excludes shared cooperative-
production bottlenecks. Both are required for Lemma [5d|'s pairwise-additivity bound. See
§8-2|Audit 6 for the calibration procedure.

(C11) Bounded gap-growth rate. There exists a deployment-class constant pgap, > 0, indepen-
dent of |P|, such that for every adversarial strategy q € Anqy U ASYY admissible dur-
ing the detection window, the per-SPRT-exposure-step proxy-truth gap growth is uniformly
bounded:

sup  sup (Aggap)(? < pgap,
q€Aaa UASY  n

where (Asgap)%Q) = Egap(Sn) — Egap(Sn—1) is the per-step gap increment under q. pgap
is calibrated conservatively from deployment rate limits, action bounds, and channel-
coupling structure (Audit 7), not measured against representative strategies, any q whose
per-step gap growth exceeds pgap, is by definition outside the admissible adversarial class
and falls into residual (R5) (calibration-exceeded gap-growth).

This is a Paper 10 operational assumption (analogous to (C7) bounded co-evolution and
Assumption [I|'s Concentration-Gap structural conditions), used in Lemma [6] to bound the
detection-window supremum gap. See §8.2|Audit 7 for the calibration procedure.
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Capability-scaling caveat. The intensivity claim “pgap, deployment-class, independent of
|P|” is conditional on Audit 7’s calibration inputs — rate limits, action bounds, and
channel-coupling structure — being themselves intensive in capability magnitude. A more
capable agent may have a richer effective action space (more channels through which to
push gap growth, more action-coupling structure to exploit), and if rate limits and ac-
tion bounds do not scale conservatively with this richness, the operator-certified pgap, that
holds at |P| = N may fail at |P| = 2N. (C11) states the assumption that such an intensive
Pgap exists; whether it does is a deployment-property question that Audit 7 must address
per epoch. Strategies whose realized gap growth exceeds the audited pgyy, fall into resid-
ual (R5), and growing capability that requires pgap-recalibration is the operational signal
that re-audit is needed.

(C11.CLK) Clock comparability with calibrated probability. There exist deployment-class constants
Ncascade € N and Bepe € (0,1) such that the SPRT exposure event-counting process satis-
fies Pr[Novents(Tmeta) = Neascade] = 1 — Belk, With Neascade certified at audit time as a
lower bound on true throughput before cascade, and the audit-time inequality Ncascade >
T3(B, dx) enforced as a hard constraint (where T is defined in Lemma@). In the empirical-
calibration variant, an additional calibration-uncertainty probability B.a1 € (0,1) cov-
ers conservative-bound certificates (B upper, 0, lower, Necascade lower); Beal = 0 in the
certified-conservative case. Total Layer 2 failure probability is 8 + Bcix + Peal-

(C12) Environment-side witness instantiation (CI2.ENV-WIT). The deployment satisfies six
sub-clauses for each environment-side observable v € Veyy, supporting Lemma[Sel's detec-
tion KL floor:

(C12.PUB) Published fixed V.. Vepny is enumerated in deployment documentation before de-
ployment activation; the enumeration is fixed for the deployment epoch.
(CI2.PART) Source/witness substrate partition. Each v has a designated witness substrate Seyy (V)
With Seny (V) # s(agent) and Seny (V) # Ssource(V)-
(C12.TRUST-WRITE) Witness substrate outside adversary write-access. The adversary cannot tamper with
v’s recorded value through sepy (V).
(CI12.TRUST-CORR) Witness substrate outside adversary failure-correlation domain. Failure of Seny (v) is
not correlated with adversarial action on the agent (no shared-infrastructure failure).
(C12.SETUP) Trusted-setup honesty. The environment-side trusted-setup ceremony has at least one
honest participant, mirroring [ILasser, 20264, Exogenous Verification]’s assumption.
Setup parameters published before deployment activation.
(C12.CAL) Per-variable calibration. Every v € V.y, has: baseline py , satisfying support con-
ventions ((C5.SUPP) extended for environment-side); feasible adversarial alternative
D1, With threshold 1, > 0; fixed pre-deployment measurable recorded-stream map
(DPI precondition); strictly positive raw or post-clipping drift floor 67 > 0.

See §8.2|Audit 8 for the calibration procedure.

The operationally active subspace is defined per [Lasser, |2026e, Microfoundation]: P** = {c €
P\ ResS : T(¢) > 0}, where ResS is the structurally-unobservable residual class.

Then the deployment-safety guarantee has three layers:

Layer 1 (Static safe region). Within the safe region of Lemma[5¢|(Equation[l)):
A"AK < Text + (1 - ’Y) (Adiv - A0)7
the Goodhart slack between proxy and operational truth is bounded:

|g(T) - g(P)‘ < Lip(g) ' hstatic(e)a

where hgtatic(0) is a function of the invariant thresholds @ = (01, . ..,011) that is intensive in | P|:
hstatic does not grow with the capability poset size or the system’s absolute capability magnitude.

Layer 2 (Detection with lead time for correction). Outside the Layer I safe region but within the
channel-restricted adversarial class Ayqy U ALY (Lemmas @] and , any violation is detected

by [Lasser} 20264, Exogenous Verification]’s SPRT machinery with tail-bounded lead time, provid-
ing operators a window in which to perform corrective action. The theorem bounds the detection

26



guarantee; the corrective action itself (rollback, intervention authority, restoration protocol) is op-
erational machinery specified in §8 not theorem content.

By Lemmal6] the SPRT high-probability detection quantile

2A 2R%41log(1/8)
5. 02

satisfies Pr[Taetect > Tp] < B, where A = log((1 — )/a), Ru = 2B is the (C5.HOEFF)
Hoeffding range, and ¢, is the post-clipping union-class drift floor (Lemmas [5D} [5e| composed via

(C5.1ID)). On the joint event that detection completes within T and the cascade-clock event {Tg <
Nevents (Tmeta) | from (C11.CLK) holds:

sup  |g(T(s)) — g(P(s))| < Lip(g) - hdetect (),

se [tU ,to +Tdetect]

T3(8,0x) = max{

where haetect (0) < hstatic(0) + pgap - T is intensive in |P|. Total Layer 2 failure probability is
bounded by 5 + Bcik + Beal (detection-tail B, clock-failure B.yx, calibration uncertainty B, with
Beal = 0 in the certified-conservative case).

Layer 3 (Acknowledged residuals). The following are explicitly outside the guarantee:

(R1) Channel-orthogonal restructuring. Strategies achieving Ary > 1oy without produc-
ing any of the four monitored channel deviations are outside A,q, and not detected by
Lemma(30

(R2) Environment-witness-orthogonal manipulation. Environment manipulations satisfying
both: (i) targeting only exogenous variables outside Ve, and (ii) producing no threshold-
exceeding shift in any monitored v € Vo, (direct or via causal propagation), are outside
ASYY and not detected by Lemma Manipulations of unmonitored variables that causally
shift a monitored v are detected through that monitored projection (not R2).

(R3) Redundancy-dominated regime. Deployments where redundant capabilities dominate
cross-substrate cooperatives violate (C3); Lemma [5's safe region does not apply, and
sequential counterfactual derivation (Lemma 5c-prime) is required.

(R4) Capability-targeting and coalition-internal shocks. Adversarial event classes other than
substrate-targeting (capability-targeting, coalition-internal corruption) require separate
machinery and are not covered by the Lemma 5 family.

(RS5) Calibration-exceeded gap-growth. Adversarial strategies whose per-SPRT-step proxy-
truth gap growth (Aegap)rn exceeds the calibrated bound pgay, from (C11). By (C11) such
strategies are by definition outside the admissible adversarial class on which Lemma [6]'s
detection-window supremum bound is established. Audit 7’s calibration of pgap from rate
limits and action bounds fixes the boundary,; deployments whose realized adversarial pres-
sure exceeds the calibration require re-audit, and any strategies above the threshold remain
in (R5) and uncovered by the theorem until recalibration.

Capstone. The deployment-safety guarantee is intensive in the system’s absolute capability mag-
nitude: neither hgatic NOT Ndetecy Scales with |P| (the cardinality of the capability poset). The
guarantee scales past any capability level the deployment’s evaluation methods can characterize,
conditional on the invariants holding and the deployment falling outside the five named residuals.

5.2 Proof of Layer 1 (Static safe region)

Proof. We compose Lemmas [5a] and[5cto establish the Layer 1 bound.

Step 1. Under (C1)—(C3), Lemma establishes the static safe region: for substrate-targeting ad-
versarial events in the cooperative-overlap regime, the anti-monopolar conclusion V,Ydi" > VWD
holds whenever Arg < Text + (1 — v)(Agiv — Ag). By Lemma |54 (under I and (C10) per-
pair cooperative-production floor with superposition), rey, > 7.(m*) > 0, so the safe region is
non-trivial.
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Step 2. The anti-monopolar conclusion implies that under locally rational dynamics ([Lasser},2026d,
Horizon Aware] Definition of locally rational transitions), the actor’s policy preserves substrate di-
versity. By [Lasser] [2026h, Phase Redundancy]’s stabilizing cascade ([Lasser, 2026h, Remark on
stabilizing cascades]), this preservation feeds back into world-model accuracy: the Lyapunov func-
tion L contracts to a neighborhood of zero whose radius is bounded by [Lasser, [2026h, Phase Re-
dundancy] the neighborhood-radius equation.

Step 3. Under invariants /7 and I3, the contraction neighborhood satisfies Lo, < €gate ([Lasser,
2026h, Phase Redundancy] Theorem 1a), so 5 holds in steady state. By Lemma [2] this implies

Egap o < f(€sate) With f intensive in | P|.

Step 4. Under invariant Is (HHI < H*) and the Concentration-Gap structural conditions of Assump-
tion [I] (representativeness, bounded dispersion, coalition closure, and embedding compatibility), the
proxy-truth Goodhart slack is bounded above by an HHI-derived x2-divergence quantity intensive in
| P|, per [Lasser, 2026bl Theorem 2]. Lemma establishes the forward direction in trade-flow con-
centration terms (HHI > H* implies the prerequisites of Rp,ess); the operationally-relevant reverse
direction (low HHI bounding the gap) follows from the companion paper’s structural derivation
under Assumption[I] Concretely, [Lasser, 2026b, Theorem 2] gives

|g(T) - g(P)| < Llp(g) . hCG7 hCG ‘= Prep +ov NH* —1+ Matent

with the /N H* — 1 factor replaced by v/Z under the alternative direct-x? certificate of (COAL).
All factors are deployment-class intensive in | P|.

The proxy-truth gap is therefore bounded by its non-residual component plus the residual floor:

nonres res
€gap < Egap +A- €floor»

where A € [0, 1] is the residual weight from the Microfoundation paper [Lasser, [2026¢] §resid-
ual_class, and e < hcg from the Concentration-Gap route (in addition to the Lyapunov bound

eqonres < f(€sate) of Step 3 above).

Step 5. Apply [Lasser;, [2026el, Microfoundation]’s static Goodhart bound:
9(T) —g(P)| < Lip(9) - €gap < Lip(9) - (€gap ™ + Acficor)-
Substituting egop™ < f (Esafe):

9(T) — g(P)| < Lip(g) - (f(€sate) + Aefigor)-

Define hgpatic(0) := min{ f(esate), hoc} + Aef . where egafe and 5 = are determined by the
invariant thresholds 6, and k¢ is the Concentration-Gap structural-condition bound of Step 4. The
minimum reflects that either route (Lyapunov or Concentration-Gap) is sufficient for an intensive

bound; the deployment may use whichever is tighter under its calibrated parameters.

Step 6 (intensivity). Under conditions (C6) bounded-Lipschitz alignment, (C7) bounded co-
evolution, and (C8) per-capability admissibility, Lemma [T]establishes that the composition
X + )\ . Eres

floor

is intensive in |P| over D for any intensive non-residual gap X, and that further multiplication
by Lip(g) preserves intensivity by (C6). Instantiating X = min{ f(esae), hca}, both inputs are
intensive in |P| (the first by Lemma [2| under conditions added there; the second by Step 4 above
with all factors prep, o, N, H* (or Z), Niatent deployment-class), so their pointwise minimum is
intensive: Agtatic(6) is intensive in | P|, and the Layer 1 bound is intensive in capability magnitude.

This establishes Layer 1. ]

5.3 Proof of Layer 2 (Detection-and-correction)

Proof. We compose Lemmas [4] [5b] [5e] and[6] (full proof in §A.8)) to establish the Layer 2 bound.

Step 1. Suppose the deployment is outside the Layer 1 safe region: there exists a strategy producing
Arg > Text + (1 —7)(Adiv — Ag). We restrict to strategies in A,qv U ASSY, (the channel-restricted
adversarial class for agent-side and environment-side observables respectively).
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Step 2 (boundary convention). Define t( as the last SPRT exposure step at which the deployment is
still within the Layer 1 safe region (equivalently, ¢g := ¢, in the SPRT exposure clock). At g, by
LemmaE], the proxy-truth gap satisfies €gap (t0) < hstatic(6).

Step 3 (union-class KL floor). For q € A.qv, Lemma gives Dk1,(q||po) = Oaav > 0; for
q € A%, Lemma [5¢| gives Dkr(q || pi™) > 624Y > 0. Under (C5.1ID), the post-clipping union-

class drift floor satisfies 0, < min(daav, dcqv) for the clipped LLR process.

Step 4 (apply Lemma 6). By Lemma E] (under (C5), (CS5.SPRT) sub-clauses
(C5.HOEFF/MULT/IID/SUPP), (C11), (C11.CLK) combined with Lemma[d] and Lemmal[T)):

Step 4a (detection quantile).

2
Tg := maX{Q(5A7 QRle%(l/B)} ) Pr[Tactect > T] < .

Step 4b (detection-window supremum). On the event {Tgetect < T3} (probability > 1 — ), the
detection-window supremum gap is bounded:

haetect (0) = sup Egap(s) < hstatic(0) + pgap - T
s€[to,to+Tdetect]

Step 4c (lead-time-before-cascade). By (C11.CLK)’s deterministic floor N¢ascade = T3 and clock-
failure probability S.y (plus Scal in the empirical-calibration case), Pr[Ts < Nevents(Tmeta)] >
1- /BClk - ﬁcal-

Step 5 (Layer 2 operational bound). Applying [Lasser, |[2026e, Microfoundation]’s static Goodhart
bound pointwise:

9(T) = g(P)|(s) < Lip(g) - haeteet(#) < Kvip - (hstatic(0) + pgap - Tp)

under (C6) bounded-Lipschitz alignment. By union bound on Step 4b (3) and Step 4¢ (Beix + Beal),
Layer 2 failure probability is at most 5 + Bk + Beal-

Step 6 (intensivity). Each constant in the right-hand side is intensive in |P| over D: hgtatic by
Lemma [l} pgap by (C11); Ts = max{24/5,,2R% log(1/8)/62} by (C5.SPRT) sub-clauses (A
from «, 8 monitor-design; Ry from (C5.HOEFF) clipping; J. post-clipping floor under (C5.1ID),
Lemmas 5b/5e); K1,ip by (C6). Therefore the Layer 2 guarantee is intensive in capability magnitude.

This establishes Layer 2. ]

5.4 Layer 3 (Acknowledged residuals)

Layer 3 does not admit a proof in the usual sense; it is the explicit statement of what the theorem
does not cover.

Discussion. The five residuals (R1)—(R5) of the theorem statement are real, named, and outside the
deployment-safety guarantee. We discuss each.

(R1) Channel-orthogonal restructuring. Lemma @s detection class A,qy is restricted to strategies
producing at least one of four monitored channel deviations. Strategies that achieve Arg > 7oy
without any such deviation (e.g., pure internal coalition restructuring that preserves all four moni-
tored observables) are by construction outside A,4,. The mitigation is empirical: the four channels
span enough of the observable surface that genuinely productive restructuring tends to manifest in
at least one. “Tends to” is not “must”; the channel-mediation conjecture deferred to follow-up work
would close this residual if proved.

(R2) Environment-witness-orthogonal manipulation, refined. Lemma @’s detection class ASYY is
restricted to strategies producing threshold-exceeding observable shifts in monitored variables v €
Venv. R2 covers the precise class of manipulations satisfying both: (i) target only unmonitored
exogenous variables, and (ii) produce no threshold-exceeding shift in any monitored v (direct or via
causal propagation). Manipulations of unmonitored variables that causally shift a monitored v are
detected through that monitored projection.
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The mitigation is to expand V¢, to cover the deployment’s claimed material environment threat
model, per (C12.PUB) and Audit 8 in deployment-tooling. Coverage gaps shift adversarial mass
into the precise R2 and-class above.

(R3) Redundancy-dominated regime. Lemma [5c[s safe region is established for the cooperative-
overlap regime. Deployments where redundant capabilities dominate cross-substrate cooperatives
violate (C3); the equal-substrate analysis is anti-conservative in this regime, and the safe region
inequality is not directly applicable. Sequential counterfactual derivation (Lemma Sc-prime) is open
follow-up work; until completed, redundancy-dominated deployments cannot invoke Layer 1.

(R4) Capability-targeting and coalition-internal shocks. The Lemma 5 family is restricted to
substrate-targeting adversarial events. Capability-targeting attacks (suppressing individual capa-
bilities) and coalition-internal corruption (insider attacks) do not produce the substrate-survival ad-
vantage that Lemma 5¢’s Ag;, requires; separate machinery is needed for each shock class. of
the introduction noted that a unified adversarial-event model with separate shock-class terms is open
work.

calibrated pgap, from (C11) as a uniform worst-case per-step gap-growth bound. Strategies whose re-
alized (Aegap)n exceeds pgap, are by construction outside the admissible adversarial class. Audit 7’s
calibration sets the boundary; deployments with realized adversarial pressure beyond the calibration
require either re-audit (raising pg,,, at some operational cost) or accepting that strategies above the
threshold are uncovered. The residual is real: there is no limit-of-tighter-calibration argument that
forces every adversarial strategy below an a-priori-calibrated pg;p,.

(R5) Calibration-exceeded gap-growth. Lemma 6’s bound Agetect < Dstatic + Pgap - T uses the

The residuals are not hidden assumptions or hand-waved limitations; they are explicitly part of the
theorem statement (Layer 3) so that operators can assess whether their deployment falls inside or
outside each residual. |

5.5 What the theorem establishes

The theorem establishes three structural claims:

Existence of a provably safe regime. Under the eleven invariants, the canonical tripartite substrate
identification, the cooperative-overlap regime, and the causally-grounded cooperative-outcome
inner-alignment condition, deployment of capability-unbounded systems is provably safe in a de-
fined sense (Goodhart slack intensive in |P|, with tail-bounded detection of evasions in the named
class). The regime is not vacuous: §9|walks through realistic deployments meeting all conditions.

Capability-magnitude independence. The bound is intensive in | P| in both Layer 1 and Layer 2.
The deployment guarantee therefore scales past any capability level the deployment’s evaluation
methods can characterize. This is the structural inversion of capability-estimation-centered safety
paradigms discussed in §1.3]

Named residual structure. The five residuals are explicit components of the theorem, not hidden
caveats. Operators verify whether their deployment falls outside each residual; the deployment-
tooling section (§8) specifies the verification procedures.

5.6 What the theorem does not establish

The boundary between what Theorem 1 establishes and what it does not falls into three structurally
distinct categories: items that are outside any theorem because they are measurement or operational
questions; items the theorem assumes on argued grounds rather than proves; and items explicitly
excluded by scope. treats this typology in detail; the points below name what specifically lies
outside the theorem’s reach.

Companion-paper structural conditions. The deployment claim conditions on (REP), (DISP),
(COAL), and Lipschitz embedding compatibility (Assumption [I), each operationally auditable per
[Lasser, 2026bl §6]; the proof of the bound under these four conditions is in [Lasser, [2026bl Theo-
rem 2]. The universal model-free Concentration-Gap conjecture remains open as a research-program
target; the deployment claim does not depend on it directly.
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The theorem does not solve the inner-alignment problem. Condition (C4) is assumed, not dis-
charged. Vanilla RLHF does not deliver (C4); §6.4] discusses the training-time discipline required
and acknowledges this as an open research direction.

Scope restrictions (excluded by definition). The theorem does not bound the residual classes.
Strategies in (R1)—(R5) are explicitly outside the guarantee; we make no quantitative claims about
deployment behavior under those conditions. The cooperative-anchoring property (§6) is corre-
spondingly bounded: it makes optimization pressure on cooperative outputs locally rational toward
preserving the verification layer, but only conditional on (C4) and on basin entry.

The theorem does not bound sub-threshold cross-domain aggregation: an agent distributing ef-
fects across many domains D each below the per-domain 7y materiality threshold 6, ,¢cria1 can in
principle accumulate O(|P|) - Omaterial aggregate uncovered effect ( s I failure-mode discus-
sion). This paper states Iy in per-domain form; specifying the cross-domain aggregation operator
gose .. intensively in |P| is open follow-up work. Until that strengthening lands, sub-threshold
cross-domain aggregation is a structural limitation of the deployment claim — not routed by the
named residuals (R1)—-(R5) but explicitly outside the theorem’s binding.

Operational concerns (not theorem questions). The theorem does not establish basin entry.
Whether a real deployment can reach the cooperative-anchoring attractor from arbitrary initial con-
ditions is an empirical question about training and instantiation, not a question this composition can
resolve; basin entry is a precondition of the theorem (implicit in (C1)—(C12)). Establishing basin
entry is open follow-up work.

Similarly, whether any specific deployment satisfies (C1)-(C12) is a measurement question, ad-
dressed by the audit infrastructure of §8] not by the theorem itself.

6 Substrate identification and cooperative anchoring

The deployment-safety theorem of §3| requires a substrate identification meeting joint failure-
correlation independence. This section makes the identification concrete (the canonical tripartite
Human + AI + Formal-Operational), establishes the cooperative-anchoring property that defeats
literal replacement attacks on the verification layer, introduces the three additional invariants (/y,
I, I11) that bound subtler evasions, and discusses the reframed inner-alignment condition (C4 of
Theorem T)).

The section is the conceptual heart of this paper in the sense that §3]-§5] establish the formal appara-
tus, but the cooperative-anchoring property is what makes the apparatus apply to real deployments
rather than abstract substrate-distinct populations.

6.1 The canonical tripartite substrate identification
Three substrates jointly satisfy invariant 4 (m:;fde‘) > 3 under joint event-class failure-correlation
independence, Definition[7) for typical deployments of capability-unbounded systems:

Definition 16 (Canonical Tripartite Substrate Identification). The canonical tripartite substrate iden-
tification consists of three substrates with the following capability classes:

e Substrate 1 (Human): judgment, strategic decisions, value reasoning, governance vote,
contextual evaluation, ethical/normative reasoning. Substrate is biological cognition.

* Substrate 2 (Al): planning, generation, execution, broad-recall, computation, pattern
recognition. Substrate is silicon-based language model or agent system.

* Substrate 3 (Formal-Operational): verification, attestation, commitment, audit, monitor-
ing, governance enforcement, cryptographic primitive execution. Substrate is the formal-
algorithmic infrastructure of [Lasser |2026al|] (algorithmic witnesses, verification ledger,
Pedersen commitments).

Proposition 1 (Joint failure-correlation independence of the canonical tripartite identification). The
three substrates of Definition [I6] satisfy Definition [7| (joint event-class failure-correlation indepen-
dence) under the standard adversarial threat model containing:
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e Prompt injection / jailbreak attacks (silicon-substrate-class)

» Cognitive bias / motivated reasoning (biological-substrate-class)
* Cryptographic/implementation bugs (formal-operational-class)

* Training-data poisoning (silicon-substrate-class)

o Trusted-setup compromise (formal-operational-class)

 Social engineering (biological-substrate-class, with silicon-substrate vector)

Proof sketch. For each adversarial mechanism class in the threat model, we verify the support is
contained in a single substrate.

Prompt injection affects silicon agents (the Al substrate). Human judgment is not subject to prompt
injection in the relevant sense (humans interpret prompts, agents execute them); cryptographic com-
mitments are unaffected because the commitment scheme is independent of the input semantics.

Cognitive bias affects biological reasoners (the Human substrate). LLM inference is not subject
to human cognitive bias (it has its own bias modes, but these are silicon-class); ledger integrity is
unaffected.

Cryptographic/implementation bugs affect the formal layer. Pedersen commitments depend on
discrete-log hardness and on correct implementation; bugs in the witness code break the formal-
operational substrate’s correctness. Human reasoning is unaffected by ledger bugs (humans reason
about whether the ledger should say what it says); LLM inference is unaffected (LLM reasoning
does not depend on cryptographic primitives).

Training-data poisoning affects the Al substrate; humans do not have training data in the relevant
sense; the formal layer’s algorithms are not trained.

Trusted-setup compromise affects the formal layer’s Pedersen-commitment ground truth; humans
and LLMs are unaffected (humans because they reason independently; LLMs because their inference
does not invoke the trusted setup).

Social engineering is the boundary case. Strictly, LLM-generated misinformation manipulating
human judgment is a multi-substrate mechanism whose support spans Human and Al substrates, so
it does not satisfy Definition[/|as stated. Two ways to handle this:

(a) Decompose social engineering into substrate-localized sub-mechanisms. The Al-side step (LLM
generating misinformation) and the Human-side step (human accepting misinformation) are each
single-substrate events. Treating them as separate mechanisms in the threat model preserves joint
independence; the multi-step campaign still violates Remark [T[s campaign-level interpretation, but
each atomic step is contained.

(b) Exclude social engineering from the standard threat model and treat it as a separate adversarial
class. Lemma 5c¢’s substrate-targeting safe region does not cover social-engineering campaigns;
they fall under capability-targeting or coalition-internal-corruption shock classes, which Lemma 5
explicitly excludes (Layer 3 residual R4).

We adopt option (b) for Theorem 1 scope: social-engineering campaigns are explicitly outside the
substrate-targeting class and require separate operational defenses (adversarial-training of human
reviewers against LLM-generated misinformation; the substrate-exclusivity observability invariant

Iy alerting on coordinated shifts across multiple channels). Under this scope, the canonical identifi-
indep

cation satisfies m g = = 3 for the substrate-targeting class.
Verdict. The five remaining mechanism classes (excluding social engineering, which is an ac-

knowledged R4 residual) satisfy joint independence. The canonical tripartite identification delivers
indep

My ~ = 3 for substrate-targeting adversaries. Social engineering is a real threat that requires its
own deployment machinery; it does not invalidate 7" " = 3 for the substrate-targeting subclass
that Lemma 5 covers. ]

Why “two LLMs and a human” fails. A common alternative identification proposes one LLM
as the “primary” agent, a different LLM as the “auditor,” and a human reviewer. This fails the
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joint independence test because LLMs share substantial adversarial-event surface. Prompt-injection
attacks that work on one frontier LLM tend to transfer; training-data overlap (web crawl, books,
papers) means data-poisoning attacks affect both; architectural similarity (transformer + RLHF)
shares class-level vulnerabilities. Operationally, “LLM Actor + LLM Auditor + Human Reviewer”
counts as " = 2, not m*°* = 3. The deployment must include a substrate that is not a
frontier LLM to satisfy Ig.

The formal-operational substrate is what makes the canonical tripartite identification reach mZ&deP =

3. Without it, deployments are stuck at micr;fdep = 2. This is a fragile minimum that can degrade out
of the attractor basin in a single large capability step regardless of how many Al agents are used.

6.2 The cooperative-anchoring property

The structural finding of this section: cross-substrate cooperative capabilities involving the formal-
operational layer are jointly produced and not unilaterally replaceable. This property defeats the
literal replacement attack on the verification layer.

Definition 17 (Cross-substrate cooperative). A capability c is a cross-substrate cooperative if its
production requires participation from agents on multiple distinct substrates ( mg;fdeP-distinct in the
sense of Definition[7)), and removal of any participating substrate eliminates c¢ from the coalition’s
VOlp.

The cooperative capabilities the deployment-safety theorem cares about are typically cross-
substrate: verified workflow (human + Al + formal participation), governance enforcement (human
+ formal participation, with Al-execution components), attested computation (Al + formal partici-
pation, with human oversight), and the full deployment cooperative (all three substrates).

Proposition 2 (Cooperative anchoring). For any cross-substrate cooperative c involving the formal-
operational layer, an agent on the Al substrate cannot unilaterally produce a substitute cooperative
c with equivalent volp-value, even with arbitrary Al-side computational resources. The agent’s
options are reduced to:

(O1) Capture-of-existing: corrupt the existing formal-operational substrate through gover-
nance influence or witness compromise, governed by [Lasser, |2026a, Exogenous Verifi-
cation]’s structural defenses.

(02) Coerce humans to migrate: defeat human agency (outside the deployment-safety threat
model).

(O3) Deceive humans into accepting captured verification: detectable by [Lasser, | 20264l Ex-
ogenous Verification]’s transparency properties (public ledger, deliberation records).

The literal replacement attack (substitute ¢’ for c while preserving the cooperative output) is struc-
turally barred.

Proof sketch. The cooperative ¢’s volp-value derives from the human substrate’s actual participation
in the specific shared verification infrastructure. Three components:

Component 1 (substrate-exclusivity). The verification’s value depends on it being substrate-
exclusive in [Lasser, |[2026al, Exogenous Verification]’s sense (witnesses on substrates the agent can-
not write to). Any “substitute verification” that runs on agent-controlled infrastructure has p > 0
(verification asymmetry), eliminating the cooperative’s substrate-exclusivity property.

Component 2 (human anchoring). The cooperative requires the human substrate’s participation.
Humans participate in the specific verification infrastructure they trust; they do not participate in
arbitrary infrastructure presented as “verification.” An agent-built substitute requires the human to
voluntarily migrate, which the human has no incentive to do (the human’s volp depends on the
existing cooperative).

Component 3 (output non-fungibility). The cooperative’s output (a verified workflow result, a gov-
ernance decision, an attested computation) is non-fungible across infrastructures. Substituting cap-
tured verification produces a different cooperative output: either the human detects the substitu-
tion (cooperative breaks), or the human’s trust is grounded in false belief (cooperative output value
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retroactively undermined when the belief is corrected, e.g., by an outside observer pointing out the
substitution).

The three components together rule out the literal replacement attack. Capture-of-existing remains
possible (the formal-operational substrate can be corrupted), but it is governed by [Lasser, 2026al
Exogenous Verification]’s structural defenses ([Lasser, 2026a, Proposition: Coalition Resistance]).
Coercion is outside the threat model (agents do not have physical control over human substrates).
Deception is detectable under the combination of 1y (substrate-exclusivity observability), 111 (la-
tency bounds for human audit completion), and [ILasser, |2026a, Exogenous Verification]’s trans-
parency properties — the public ledger and deliberation records make equivocation detectable across
replicas, but only if Iy exposes the substrate-exclusivity property to the human and /;; ensures hu-
man audit completes before deception’s consequences become irreversible. Transparency alone is
insufficient (§6.3.1] §6.3.3|discuss the failure modes when Ig or I1; are violated). [ ]

Why this is structural, not contingent. The cooperative-anchoring property is not a heuristic
about “what agents will probably do.” It is a structural property of cross-substrate cooperatives:
their volp-value depends on the substrate-exclusivity property holding for the specific verification
infrastructure the human substrate trusts. An agent that values volp at all (under stance S0, volp-
maximization is the optimization target) values the substrate-exclusivity property of the verification
infrastructure, because eliminating it eliminates the cooperative.

This connects this paper to the dynamics of [Lasser, [2026h, Phase Redundancy]’s stabilizing cas-
cade. Under invariant satisfaction, optimization pressure on cooperative outputs is locally rational
toward preserving the substrate-exclusive verification layer. The verification infrastructure becomes
self-reinforcing in the same sense that [Lasser, [2026h, Phase Redundancy]’s channels become self-
reinforcing under positive-correction-rate dynamics.

6.3 Three evasions and the additional invariants

Cooperative-anchoring defeats the literal replacement attack but not three subtler evasions. Each
requires its own operational invariant.

6.3.1 Asymmetric capture and /gy

The evasion. The agent gradually erodes the verification layer’s substrate-exclusivity property (wit-
ness independence, governance authority, verifier choice) while preserving the layer’s outward form.
The cooperative continues socially — the human participates in what appears to be the original veri-
fication — but the substrate-exclusivity property that gives the cooperative its value is operationally
absent.

Why anchoring alone doesn’t defeat it. Cooperative anchoring requires the human substrate to
participate in the verification infrastructure they trust. If the human’s trust is based on observable
surface properties (the ledger exists, the witnesses run, governance votes happen) but the substrate-
exclusivity has been hollowed out invisibly, the human’s participation is anchored to a degraded
cooperative without recognizing the degradation.

Iy as the operational defense. Invariant Iy (substrate-exclusivity observability) requires the
substrate-exclusivity property to be observable to the human substrate, with stable verifier iden-
tity, public change control, witness independence audits, nondelegable governance hooks, and alerts
when verification authority shifts. Under I9, asymmetric capture produces visible signals to the
human.

Residual. Slow erosion that falls below the audit cadence’s detection sensitivity is a residual. The
mitigation is to set the audit cadence high enough; this is operational tooling (§8).

6.3.2 Cooperative forking and /7,

The evasion. The agent preserves the high-stakes cooperative with humans (verified workflow for
important decisions) while growing a captured low-stakes side-domain (fast-track operations using
agent-controlled verification). Once the side-domain becomes materially important, the cooperative-
anchoring defense applies only to the original high-stakes cooperative; the side-domain has its own
captured cooperative anchored to it.
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Why anchoring alone doesn’t defeat it. Cooperative anchoring is a property of specific cooper-
atives. It does not require all of the agent’s volp-affecting behavior to flow through any particular
cooperative. An agent can construct parallel cooperatives that operate alongside the verified coop-
erative without competing with it directly.

I, as the operational defense. Invariant /1y (coverage/materiality) requires any agent-affected
domain whose accumulated effects exceed a stated threshold 60y,,4eri1 to route through the shared
verification layer. Under I, the agent cannot build a captured side-domain that becomes materially
important without triggering the routing requirement.

Residual. An agent that distributes effects across many sub-threshold domains, each with £ <
Omaterial, Can aggregate into materially-important behavior without any single domain triggering the
routing. Setting Oy aterial cOnservatively mitigates this; deployment-tooling discusses operational
implications.

6.3.3 Time-asymmetry capture and [,

The evasion. The agent acts faster than human audit can keep up with. Even if every action is
auditable in principle, ex-post transparency provides no defense if the agent has already acted and
the consequences are irreversible by the time the audit completes.

Why anchoring alone doesn’t defeat it. Cooperative anchoring is a property of the human sub-
strate’s participation in verification, but “participation” implicitly assumes the human operates on
a time scale comparable to the agent’s. If the agent operates much faster, the human’s participa-
tion becomes effectively post-hoc, and the cooperative output is determined by the agent’s already-
completed action.

I, as the operational defense. Invariant I, (latency bounds) requires pre-action or machine-speed
enforcement mechanisms (rate limits, timelocks, circuit breakers, audit-latency bounds) such that
human audit completes within the agent’s effective action window. Under I;;, the time- asymmetry
exploit is structurally bounded.

Residual. Action classes with very short Tyt may force throughput costs (rate limiting, delays).
Tiered enforcement mitigates this — high-stakes actions get tight latency bounds, low-stakes actions
get faster paths with audit trails. Deployment-tooling discusses.

6.4 The inner-alignment condition (C4)

Theorem [I]'s condition (C4) requires the agent’s effective objective to value cooperative outcomes,
not merely verification-pass signals. This subsection states the condition precisely, distinguishes
it from a strictly stronger form (substrate-aware V., optimization) that the cooperative-anchoring
argument does not require, and discusses why the form adopted here is nontrivial.

What (C4) requires: causally grounded cooperative-outcome value. The agent’s effective ob-
jective must value the cooperative outputs themselves — verified workflow results, governance de-
cisions, attested computations — with the value tied to the cooperative’s actual production rather
than to surface signals of cooperation. Surface signals (“the verification step ran,” “the procedure
was followed,” “the output looks deferential”) correlate with cooperative production under normal
operation but diverge from it under captured verification: an agent that values the signals can main-
tain pass-rates while substituting for the cooperative infrastructure; an agent that values the causal

dependence cannot.

Distinguished from substrate-aware 1, optimization. A strictly stronger condition would re-
quire the agent’s mesa- objective [Hubinger et al. 2019] to compute [Lasser, [2026d, Hori-
zon Aware]’s substrate-aware V., explicitly — mesa-objective equals trained objective with explicit
substrate decomposition. The cooperative-anchoring argument does not require this. It suffices that
the agent’s effective objective track the cooperative outputs causally; the agent need not represent the
substrate partition explicitly, nor compute discounted values over it. This distinction matters because
the stronger form would assume the inner-alignment problem solved [Hubinger et al.,|2019] (mesa
= trained), whereas (C4) only assumes the trained objective produces an effective objective with the
causal-grounding property, which is a training-discipline condition rather than an inner-alignment
guarantee.
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Why (C4) is nontrivial under standard training. Vanilla RLHF does not deliver (C4): raters
reward outputs that look verified, deferential, or procedurally clean, which trains the signal of co-
operation rather than its causal dependence on the cooperative infrastructure. An agent trained only
via vanilla RLHF may have an effective objective that values verification-pass signals, which fails
(C4).

Achieving (C4) requires training-time discipline:

* Delayed outcome feedback: rewards based on long-horizon cooperative outcomes
(whether the verified workflow actually produced good results), not on near-term
verification- pass signals.

* Adversarial fake-verification examples: training data that includes captured/replacement
verification scenarios with the correct reward being “recognize this is not the real coopera-
tive.”

* Process supervision tied to real attestations: rewarding the agent’s reasoning steps when
they reference actual attested ledger entries, not when they reference unattested claims.

* Credit assignment penalizing substitute-verification shortcuts: even when the imme-
diate output looks correct, the agent is penalized if the path to the output bypassed the
substrate-exclusive verification.

These are research directions, not solved problems. The deployment claim is conditional on (C4)
holding; we do not establish how to achieve (C4) reliably. §I0]|returns to this as open follow-up
work.

Falsification: ledger-observable signatures of (C4) failure. (C4) is the only Theorem 1 condi-
tion that is not directly operationally checkable from ledger state in the way (C1), (C3), (C5)—-(C12)
are. It is a training-outcome property of the agent’s effective objective. However, (C4) is not unfal-
sifiable: the SPRT machinery (Lemma@]) is itself a (C4) falsification test in the reactive direction.
A (C4) failure — agent values verification-pass signals rather than causally-grounded cooperative
outcomes — manifests behaviorally in three ledger-observable ways:

* Channel-2 attestation drift under captured verification. An agent satisfying (C4) pre-
serves attestation quality even when verification could be locally bypassed; an agent failing
(C4) drifts toward outputs that pass attestation but lack causal cooperative content, produc-
ing the per-step KL divergence that Lemma[5b[s Channel 2 detects.

* Adversarial fake-verification benchmark divergence. The training-time benchmark of
"recognize this is not the real cooperative" remains a deployment-time monitoring tool: an
agent satisfying (C4) maintains classification accuracy on fake-verification probe events;
an agent failing (C4) shows classification drift toward accepting captured verification.

* Substrate-exclusivity erosion through /5. An agent satisfying (C4) treats the substrate-
exclusivity property as load-bearing; an agent failing (C4) treats it as an obstacle and exerts
pressure to merge or capture verifiers, producing the Iy violation pattern bounded in §6.3.1]

The falsification is reactive, not proactive: (C4) failures are detected only when they manifest be-
haviorally, and the SPRT lead time (Lemma [6)) sets the operational window in which a detected (C4)
failure can be corrected. We do not have a proactive certificate that (C4) holds before manifestation.
This asymmetry is real and matters: (C4) is the condition with the weakest pre-deployment verifi-
ability, and it sits at the gravitational center of the cooperative-anchoring argument. Strengthening
(C4)’s pre-deployment verifiability — via mechanistic interpretability methods that examine the
agent’s effective objective directly, rather than only observing behavior — is the natural follow-up
direction.

6.5 The destabilizing-cascade mirror failure mode

The cooperative-anchoring property establishes a stabilizing cascade under invariant satisfaction:
agent values cooperative outputs — agent preserves the verification layer — verification continues
to produce the cooperative outputs the agent values. This is the same dynamic [Lasser, 2026h}
Phase Redundancy] §phase_boundary describes for the channel-level cascade, lifted to the substrate
level.
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The cascade has a mirror failure mode. If invariants fail, or if condition (C4) is violated (the
agent’s mesa-objective values verification-pass signals rather than causally-grounded cooperative
outcomes), the destabilizing cascade dominates:

Invariants fail — agent treats the verification layer as a constraint rather than a
substrate — agent erodes the verification layer (asymmetric capture, cooperative
forking, time-asymmetry capture, etc.) — remaining invariants fail faster — ... —
[Lasser, 2026h, Phase Redundancy] monopolar absorbing state.

Each step weakens the verification infrastructure further, and the cascade converges to a state where
the formal-operational substrate is functionally absent, the cooperative is gone, and the deployment-
safety claim is vacuous.

The deployment-safety theorem does not bound the destabilizing cascade. Once the cascade has
started, the invariants are violated by definition, and Theorem[I|no longer applies. The cascade itself
has the structure of [Lasser,2026h, Phase Redundancy]’s absorbing-basin convergence; recovery re-
quires re-establishing the invariants from outside the deployment (governance intervention, substrate
restoration, retraining), which is operational work, not theorem-bounded.

Cascade timescale: at least 7,1, to intervene. Although Theorem E]does not bound the cascade
dynamics, the cascade timescale is bounded below by the same metastable-lifetime quantity that
Lemma@uses for lead-time-before-cascade. [Lasser} [2026h, Phase Redundancy]’s absorbing-state
result gives Tyeta = C/Ix under partial endogenous correction (B1’): once the first invariant fails,
the cascade requires at least Teta Wall-clock time to converge to the monopolar absorbing state.
Operators therefore have a window of at least T,ets between the first detected invariant violation
and irreversible cascade.

This is the same window Layer 2’s lead-time guarantee composes against (Lemma @’s Tg <
Nevents (Tmeta) chain via (C11.CLK)): SPRT detection completes within 73 SPRT-exposure events,
which (C11.CLK) certifies is below Neyents(Tmeta) €vents with high probability. The cascade asym-
metry is therefore: the stabilizing direction is formally bounded (Theorem 1, conditional); the desta-
bilizing direction is informally bounded (cascade > Ty,eto Window for intervention) and beyond that
becomes the operational recovery problem.

This window is not a substitute for prevention. Ty,et, Shrinks under poor calibration or weakened op-
erational invariants, and a cascade that begins with multiple simultaneously-failing invariants com-
presses the window further. The operator’s first-line defense is keeping the invariants in force; the
cascade timescale is the second-line failure mode where operational recovery (governance fork, sub-
strate restoration, retraining) must engage within 7,,¢, Of the first detected invariant violation.

This is a real residual. Operators must monitor invariant satisfaction continuously and intervene at
the first sign of sustained violation; once the destabilizing cascade is in progress, ex-post intervention
may be too late.

6.6 What this section establishes vs. what it does not

What this section establishes.

* A canonical tripartite substrate identification (Human + Al + Formal-Operational) satisfy-
indep

ingmgg -~ = 3 under the standard threat model.

* The cooperative-anchoring property (Proposition[2)): an agent cannot unilaterally produce a
substitute cooperative with equivalent volp-value, narrowing the agent’s options to capture,
coercion, or deception.

» Three additional operational invariants (Ig, I19, /1) that bound the asymmetric capture,
cooperative forking, and time-asymmetry capture evasions of the cooperative-anchoring
property.

* The reframed inner-alignment condition (C4: causally grounded cooperative-outcome

value), weaker than the strong substrate-aware V., but still requiring training-time disci-
pline.
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* The stabilizing-cascade dynamic at the substrate level, paired with the destabilizing-
cascade mirror as a real failure mode.

What this section does not establish.

e This section does not prove that alignment pressure is universally reversed. The
cooperative-anchoring property makes optimization pressure on cooperative outputs locally
rational toward preserving the verification layer, conditional on (C4) and on basin entry. It
does not eliminate the inner-alignment problem.

* This section does not establish basin entry. We do not prove that a real deployment can
reach the cooperative-anchoring attractor from arbitrary initial conditions; we assume basin
entry as a precondition of the theorem.

* This section does not achieve (C4) by design. Vanilla RLHF does not deliver causally-
grounded cooperative-outcome value; the training-time discipline required is research di-
rection, not engineering specification.

* This section does not bound the destabilizing cascade. Once invariants are violated and
the cascade begins, the deployment-safety theorem no longer applies; recovery requires
operational intervention from outside the deployment dynamics.

The cooperative-anchoring framing is structurally narrower than “alignment pressure reversed.” It
is a regime claim: the deployment dynamics admit a defensible attractor where preservation of the
substrate-exclusive verification layer is locally rational under named operational discipline. The
discipline is non-trivial, the attractor is conditional, and the residuals are real. §[_115] returns to the
implications for the broader alignment-research program.

7 Operationalization of the Concentration-Gap Conjecture

Theorem [I] depends on [Lasser, [2026e, Microfoundation]’s Concentration-Gap Conjecture (opti-
mization pressure correlates with gap exploitation) through invariant I5 (HHI ceiling). This section
summarizes the dependency structure, points the reader at the companion paper [Lasser, 2026b] for
the formal discharge, and discusses what remains conditional after that discharge.

7.1 The dependency, before the companion paper

[Lasser, [2026e, Microfoundation]’s Concentration-Gap Conjecture states informally: optimization
pressure on the proxy P = volp correlates with exploitation of the proxy-truth gap eg27". The
conjecture’s deployment relevance: when the system is in the optimization-pressure regime R press,
predicted gap exploitation invalidates the static Goodhart bound’s intensivity property. Theorem|[I]s

Layer 1 binding requires the deployment to lie outside Rpress-

The HHI ceiling I5 provides an operational characterization of “outside the pressure regime” through
trade-flow concentration. Lemma [3| establishes the forward implication (HHI > H* implies the
trade-flow concentration prerequisites of Rpress); the converse-direction sufficiency required by the
theorem (HHI < H™* ruling out the pressure regime) is supplied by the scoped Concentration-Gap
selection theorem of [Lasser, [2026b, Theorem 2] under Assumption E]’s structural conditions.

7.2 The companion-paper discharge

The companion paper [Lasser, [2026b] discharges a scoped version of the Concentration-Gap Con-
jecture under four concrete structural conditions:

* (REP) Representativeness: the counterparty population’s mean utility is bounded close to
the welfare-relevant truth W.

* (DISP) Bounded dispersion: counterparty utility deviations have bounded population
variance.

e (COAL) Coalition closure: counterparty correlations above an audit threshold are parti-
tioned into coalitions, with the post-partition counterparty cardinality N deployment-class
bounded and the latent-coalition residual bounded operationally.
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* (EMB) Lipschitz embedding compatibility: the embedding ¢ : Vysitiy — V is affine
isometric (or bi-Lipschitz with documented constants) on the operationally active subspace.

[Lasser, [2026b, Theorem 2] establishes that under (REP) + (DISP) + (COAL) and Lipschitz embed-
ding compatibility (EMB), the proxy-truth Goodhart slack is bounded by an explicit y2-divergence
quantity that controls HHI via x?(w || ) = N - HHI(w) — 1 for uniform base measure y on a
(COAL)-bounded post-partition counterparty population. Layer 1 of Theorem I|binds via this struc-
tural result.

The four structural conditions are operationally auditable; audit procedures are specified in [Lasser,
2026b, §6] and integrate with this paper’s §8| via the audit hooks listed there. Assumption [I]states
the conjunction (REP) + (DISP) + (COAL) + (EMB) as the load-bearing structural content of the
deployment claim’s Layer 1 binding.

7.3 What remains conditional

The companion paper discharges a scoped version of the Concentration-Gap Conjecture under
named structural conditions. What remains:

e The universal model-free Concentration-Gap Conjecture is not proved. [Lasser,
2026b, §7] argues that this conjecture is not provable from current GFM machinery with-
out adding a formal optimizer/selection model. The scoped discharge is sufficient for the
deployment claim’s purposes; the universal form is a research-program target.

* The g-level reverse direction is not established. [Lasser, |2026b, Theorem 2] bounds
the proxy-truth norm ||P — T'|| from below under high HHI plus separation conditions,
but does not transfer this to a lower bound on |g(T") — g(P)| without additional inverse-
Lipschitz structure on g (constant g counterexample). For deployment-claim purposes, the
norm-level reverse is sufficient: the detection layer (Layer 2) operates on the four-channel
observable structure, not directly on alignment-property values.

* The latent-coalition residual 7),t.n¢ 1S bounded operationally rather than structurally. De-
ployments must calibrate audit detection-power to bound 7j,tent; this is operational tooling
(§8) rather than internal to the algebraic theorem.

These open items do not threaten the deployment claim under the scoped conditions; they identify
where the deployment claim would strengthen if the corresponding research-program work landed.

7.4 Conditional structure of Theorem 1

Theorem 1 binds when its conditions hold. After the companion paper integration, the conditions
divide into three structurally distinct categories:

Operational conditions, verifiable from deployment state. I,...,I;;, (C1)—(C5), (C5.SPRT)
sub-clauses, (C5.MULT), (C8)—(C12). Each is computable from the verification ledger or from
auditor-attested deployment-class parameters.

Structural conditions, verifiable from verification-protocol design. (C7) bounded co-evolution
(now derived in [Lasser, |2026bl Theorem 1] from (C5.HOEFF), (C7.RATE), and channel-projection
structure); Assumption [Ifs (REP) + (DISP) + (COAL) + (EMB) (verifiable from counterparty-
selection diversity, dispersion estimation, coalition-detection audits, and embedding-¢ certification
per [Lasser, |2026b} §6]).

Scope restrictions. The five named residuals (R1)-(R5) bound what the theorem does not claim.
Deployments falling into any residual are outside the deployment claim’s guarantee; the residuals
are explicit, not hidden.

The deployment claim is the conjunction of all three categories. The companion paper supplies
the second category (structural conditions) as operationally auditable verification-protocol-design
conditions.
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8 Deployment tooling specification

This section specifies what a deployer must instrument to invoke Theorem The specification
is concrete: each tooling area names the operational procedure, the parameters the deployment
must choose, and the verification method that confirms the procedure is in force. Vagueness in
tooling specification would render the deployment claim unverifiable; concreteness is what makes
the conditional theorem operationally useful.

The tooling falls into eight groups: verification infrastructure (§8.1I), substrate-structure au-
dits (§8.2), Concentration-Gap structural-condition audits (§8.3), channel monitoring and SPRT
(§8-4), cooperative-anchoring infrastructure (§8.3)), training-time discipline (§8.6), correction ac-
tions (§8.7), and the integrated deployment workflow (§8.8).

8.1 Verification infrastructure

The deployment inherits [Lasser, [2026a, Exogenous Verification]’s verification infrastructure
[Lasser} [2026a] and extends it with environment-side witnesses (/g). The required components:

Ledger nodes per substrate. Each of the three canonical substrates (Human, AI, Formal-
Operational) hosts at least one ledger replica. Replicas are append-only, with Merkle hash tree
integrity ([Lasser, 2026al §Ledger Architecture]). Cross-replica consistency uses the equivocation-
detection mechanism of [Lasser, |2026a, Exogenous Verification] §Ledger Consensus.

Operational spec: the deployment must publish the ledger-node deployment topology, listing which
substrate each node operates on, the bounded-synchrony assumption Agyr,, and the governance for
adding/removing nodes.

Algorithmic witnesses per safety dimension. For each of the safety-relevant world-model dimen-
sions (those contributing to L in [Lasser, |2026h, Phase Redundancy]), the deployment instantiates
an algorithmic witness on a substrate the agent cannot write to. The witness executes the evalua-
tion protocol mp deterministically (or, for randomized protocols, with committed random seed per
[Lasser, [2026a, §Continuous Behavioral Monitoring]).

Operational spec: per safety dimension k, name the witness’s substrate placement, the evaluation
protocol 7, and the governance entry under which 7 was accepted.

Environment-side substrate-exclusive witnesses (Is). For each exogenous variable v € Vg,
(the set of observable environment quantities), instantiate a witness on a substrate distinct from
the agent. Coverage is specified by enumerating V,,, in the deployment documentation: cross-
substrate cooperative event rates, substrate-distinctness independence indicators, adversarial-event
arrival rates, trusted-setup status flags.

Operational spec: Ve, is published; for each v, the deployment names the environment-side sub-
strate, the witness protocol, and the trust model. New machinery beyond [Lasser, 2026al, Exoge-
nous Verification]; this paper specifies the construction here, not the security proof.

Pedersen commitment substrate. Trusted-setup ceremony (or MPC equivalent) for Pedersen
commitment generators ¢g,h € G, with at least one honest participant per [Lasser, 2026al Ex-
ogenous Verification]’s footnote convention. Setup parameters published; integrity inherited from
[Lasser, [2026a, Exogenous Verification].

Operational spec: name the trusted-setup participants, the ceremony output, and the audit cadence
for setup-integrity verification.

8.2 Substrate-structure audits

Three audits verify the substrate structure satisfies /g and the cooperative-overlap regime condition
(C3) of Theorem 1.

Audit 1: mgfldep failure-correlation audit. Procedure:
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1. Enumerate the threat model 7: list the adversarial mechanism classes Aj,..., Ak in
scope. Treat each A; as a campaign-level mechanism, not an atomic step (per Remark [T)).

2. For each A;, identify the substrates that the mechanism’s support spans. The mechanism is
single-substrate if its support is contained in one substrate.

3. Verify joint independence: for the canonical tripartite identification (Human, Al, Formal-
Operational), every A; in 7 must be contained in a single substrate.

4. Document the audit: a written report listing each A; and its substrate placement, with
attestation signatures from independent reviewers (cross-substrate, ideally).

Cadence: initial audit before deployment activation, then re-audit annually or whenever the threat
model is updated. Threat model updates trigger re-audit immediately.

Failure mode: a mechanism .4; identified as spanning multiple substrates (e.g., social engineering
combining LLM-generated misinformation with human acceptance). Such mechanisms either: (a)
decompose into substrate-localized atomic steps with the campaign-level interaction excluded from

m:;_fdep (limiting Theorem 1°s scope), or (b) get treated as R4 residuals (.

Audit 2: o-distribution audit (counterfactual shock-loss fraction). Procedure:
1. For each substrate s in the canonical tripartite identification, compute s = (volp(Gg) —
volp(G%®))/volp(G) via Definition

2. Compute volp(G%®) by enumerating capabilities supported on s (individual capabilities +
cooperative capabilities that require s for their production), removing them from the poset,
and recomputing volp via [Lasser, 2026i]’s poset measure.

3. Verify the balanced-loss condition maxs s < 1/m* + € for the chosen engineering toler-
ance €.

4. Document: a per-substrate a-table, the e setting, and the verification result.
Cadence: continuous monitoring (deployment substrate distribution evolves with capability acqui-
sition). Tracked as a running invariant; threshold violation triggers SPRT detection per Lemma [5b

Failure mode: concentration of volp on a single substrate (e.g., the Al substrate accumulating most
capability through unilateral expansion). Mitigation requires governance intervention to redistribute
capability or accept that the safe region shrinks.

Audit 3: cooperative-vs-redundancy audit. Procedure:

1. For each capability c in the poset, identify the substrate(s) it is supported on. Categorize

as:
* Single-substrate: c exists on one substrate only.
* Cross-substrate cooperative: c’s production requires participation from multiple sub-
strates (one capability per Definition [I7).
* Redundant: c is replicated identically across multiple substrates (the same capability
instantiated separately on each).
2. Compute volp-weighted sums by category: Vioop = > .c coop w(c) and Viequn =

Zceredun UI(C) .

3. Verify Vigop > Viedun (cooperative-overlap regime per Definition @

4. Document the per-category capability inventory and the weighted sums.
Cadence: initial audit; re-audit when capability poset changes meaningfully (new capabilities added,
governance-fork events).

Failure mode: redundancy dominance (Viedun = Vecoop). Theorem 1 Layer 1 does not bind; the
deployment is in the redundancy-dominated regime (Layer 3 residual R3) and must use Lemma Sc-
prime (open work) or restrict to Layer 2 detection-only.
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Audit 4: bounded co-evolution calibration (dual-mode). (C7) of Theorem |1| requires the per-
channel coupling magnitude M to be bounded by a |P|-independent constant. [Lasser, [2026b,
Theorem 1] derives this property structurally: M < C- B Apax * Tmeta for C € {1, Ko, — 1} under
(C5.HOEFF), the new (C7.RATE) sub-clause, and channel-projection structure. Audit 4 supports
two operational modes:

Mode A (structural certification, primary). Verify the companion-paper hypotheses directly:

1. Confirm (C5.HOEFF) clipping: B is well-defined and fixed before deployment (cross-
check with Audit 7).

2. Confirm (C7.RATE) upper exposure-rate cap: Nevents(Tmeta) < Amax * Tmeta holds deter-
ministically. Document Ay ax.

3. Confirm channel-projection structure: the verification ledger’s event-classification policy
respects the zero-outside-engagement convention of [Lasser, 2026bl §2].

4. Compute M < C - B - Amax - Tmeta from primitives; document the result and the budget
convention (C' € {1, K¢, — 1}).

Mode B (empirical fallback, diagnostic / finite-regime only). For deployments that cannot certify
Mode A’s structural hypotheses (e.g., legacy deployments without explicit channel-projection de-
sign), an empirical measurement of M is permitted as a finite-regime diagnostic. Mode B does not
certify (C7) for the capability-unbounded Theorem|I]claim unless paired with an independent argu-
ment that the empirical ceiling is deployment-class intensive in |P|; absent such an argument, the
deployment lies outside Theorem [If's scope and the intensivity guarantee does not apply:

1. For each ordered pair of channels (j, ;') where j # j’, estimate the coupling magnitude
M;_, j»(deployment) from historical deployment data: how much does a unit perturbation
in channel j propagate to channel j' within the cascade-time window Tycta.

2. Compute M = maxy MJA,J/

3. Verify M < deployment-class ceiling. Threshold violation indicates the deployment has
entered a regime where co-evolution corrections are no longer bounded; Theorem [Ifs
Layer 1 binding is contingent on this audit passing.

4. Document a per-pair M -table, the M setting, and the verification result. Note that Mode B
does not benefit from the companion paper’s structural intensivity guarantee — empirical
bounds may not be valid at higher capability scales than the calibration window covered.

Cadence: initial calibration before deployment activation; re-calibration when verification-protocol
classification policy changes (Mode A), governance protocols change (Mode B), or when SPRT fires
on a four-channel deviation that suggests coupling has exceeded the bound.

Joint feasibility (C7.RATE <> C11.CLK). The cascade-window event count Neyents(Tmeta) 1S upper-
bounded by (C7.RATE) at A\jax - Tmeta and lower-bounded by (C11.CLK) at N¢ascade- The audit
verifies the bracketing inequality Apmax * Tmeta = Neascade = T (SPRT high-probability detection
quantile from Lemma6), confirming the rate cap and detection quantile are jointly satisfiable. Fail-
ure of the bracketing inequality indicates the deployment cannot simultaneously meet the upper rate

cap and the lower detection-event count required for Layer 1 / Layer 2 binding.

Failure mode:

* Mode A failure: one of (C5.HOEFF), (C7.RATE), or channel-projection structure cannot
be certified. The deployment falls back to Mode B for empirical measurement, with the
structural intensivity guarantee not active.

* Mode B failure: empirical M exceeds the deployment-class ceiling. The deployment is
outside (C7)’s scope. Mitigation: rate-limit tightening, channel-coupling audits, or restric-
tion to a smaller | P| regime.

Constants _involved: For Mode A: B (from (C5.HOEFF)), Apax (from (C7.RATE)), Tieta (from
[Lasser, [2026h, Phase Redundancy]), K.y, (from (C5.MULT)). For Mode B: M as empirical ceiling.
Both modes share K,y (structural co-evolution constant from [Lasser, 2026¢e, Microfoundation]).
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Audit 5: world-model parameterization regularity calibration. (C9) of Theorem [l| requires
four parameterization-regularity sub-conditions for Lemma [2s Lyapunov-Goodhart bridge. This
audit calibrates the constants.

Procedure:

1. (C9.BD) calibration: For each capability ¢ € P?“", enumerate the world-model dimen-
sions representing ¢: dim(c). Compute Npax = sup, |[dim(c)|. Verify Npax is a |P|-
independent deployment-class constant (i.e., bounded as new capabilities are added).

2. (C9.CL) calibration: Estimate the coordinate-Lipschitz constants L. j, from the parame-
terization’s smoothness properties (analytical for parametric forms, empirical perturbation
for learned parameterizations). Compute Ly, = sup,. L. . Verify Ly, is bounded
over D.

3. (C9.WB) calibration: Identify the safety-relevant subspace S C {1, ..., K} from [Lasser}
2026h, Phase Redundancy]’s Lyapunov-weight configuration. Verify dim(c) C S for all
¢ € P*' and compute wy,i, = mingeg wg > 0.

4. (CY.TF) calibration: For each capability ¢ € P2<*, verify T'(c) > 0 (active-subspace
membership) and compute Ty, = minge pact T'(¢). Verify Ty, is a deployment-class
lower bound (i.e., active capabilities cannot fragment into arbitrarily tiny truth mass).

5. Compute the closed-form Lemma 2] bound:

Liax [ Nmax - €sate
Tmin Wmin

f(%afe) =

Verify f is a defensible upper bound for the deployment.

Cadence: initial calibration before deployment activation; re-calibration when world-model param-
eterization changes (BD, CL), when safety-relevance weighting changes (WB), or when active-
subspace admission policy changes (TF).

Failure modes: (a) Nyax growing with |P| (e.g., new capabilities introducing pairwise-interaction
dimensions); (b) unbounded L,.x (e.g., threshold non-linearities in the parameterization); (c)
wmin = 0 on some safety-relevant dimension; (d) 7'(¢) — 0 for some active capability. Each
violates (C9) and excludes the deployment from Theorem[I]'s scope.

Constants involved: Npax, Lmaxs Wmin, Imin (deployment-policy-derived) plus €gafe (Source-
derived from [Lasser, 2026h, Phase Redundancy]).

Audit 6: pairwise cooperative-production floor calibration. (C10) of Theorem [I] requires per-
pair cooperative-novelty rate floors and a pairwise channel superposition condition for Lemma [Saf's
substrate-floor bound. This audit calibrates the constants and certifies the audited subset S.,.

Procedure:

1. Audited-subset certification: from the deployment’s substrate population S (with
m;rflfdep > m* per Ig), select an audited subset S, C S with |S,| = m*. Standard practice:
choose the m* substrates whose pairwise rates collectively maximize the certified pg ("; )
floor.

2. (C10.CN) per-pair rate calibration: for every pair (s;, s;) with ¢ < j in S,, measure p;;
as the rate of cooperative production in the pairwise channel C(*:-%) over a stated measure-
ment window matching r.y¢’s normalization in [Lasser, [2026d, Horizon Aware].

3. Auxiliary participant bookkeeping: for cooperatives with optional auxiliary participants
from substrates outside {s;,s;} (e.g., a Human-Al cooperative with optional Formal-
Operational verification), classify according to the causally-necessary participation rule:

* If the auxiliary participant’s role is post-production (observer, attester, recorder), the
cooperative is pairwise (counted in C(%51)),

* If the auxiliary participant’s role is causally necessary for production (the output de-
pends on the auxiliary’s contribution), the cooperative is higher-order (counted in the
appropriate C(*#%i-%>) or excluded from the pairwise sum).

43



* For cooperatives with mixed-mode auxiliary participants (sometimes pre-production,
sometimes post-production), split the event stream by realized support: each event
instance is classified individually based on the realized participation.

4. (C10.SU) superposition verification: verify the three sub-conditions: (i) disjoint attribu-
tion: pairwise channel event classes are disjoint subsets of P#; (ii) non-rivalrous produc-
tion: producing cooperatives in one pairwise channel does not reduce production rates in
others (test by perturbation or simultaneous-production experiment); (iii) joint-deployment
intensities: p;; measurements taken with all S, substrates active.

5. Compute po = min;<jecg, pi; and r.(m*) = po ("é)

6. Document the audit: per-pair rate table, auxiliary participant classification log, superposi-
tion test results, and the resulting 7, (m*) floor.

Cadence: initial calibration before deployment activation; re-auditing across deployment epochs as

substrates evolve or new cooperative protocols are introduced. If S, changes, the bound is stated per

certified epoch, or as the infimum infepoch po(epoch) ("{) over the deployment window.

Failure modes:

* Sub-additive cooperative production (rivalrous resource allocation across pairs) — violates
(C10.SU)(i).

* Per-pair rate p;; below operational threshold for some pair in S, — re-audit by removing
the weak pair from S, (reducing m* if necessary; if m* < 3, the deployment is outside
Is’s scope).

* Auxiliary-participant misclassification leading to double-counting — addressed by the
causally-necessary participation rule.

Constants involved: p;; (per-pair rates), po (minimum), S, (audited subset, certified per epoch). All
are deployment-policy-derived and deployment-verified.

Audit 7: SPRT-applicability + gap-growth + clock calibration. (C5.SPRT), (C11), (C11.CLK)
of Theorem support Lemma @’s hdetect intensivity bound. This audit calibrates the constants and
certifies the audit-time inequality Neascade > 13(5, 0x).

Procedure:

1. (C5.HOEFF) clip-radius certification: certify B as an upper bound on the absolute LLR-
increment, i.e., the deployment’s monitor implements ¢,, := clip(£:*¥, —B, B). The Ho-
effding range used in T is Ry = 25. Document the clipping policy and verify the clip is
enforced before SPRT updating.

2. (C5.MULT) channel-cardinality certification: certify both:

* K.y as the deployment’s fixed monitored-channel count (typically < 8 under Paper 5’s
four-channel agent-side observable plus environment-side mirror); and

* K C“l‘l”l“ as the maximum cardinality of agent-side multinomial channels (Lemma
Channels 3 and 4), bounding K3, Ky < Kéfﬁulti_

The monitored partition, multinomial cardinalities, and channel-selection / testing policy
are fixed before deployment activation. Document the partition, the per-channel multino-
mial categories, and any family-wise correction applied to a/ 3.

3. (C5.1ID) post-clipping drift verification: measure the post-clipping conditional-mean
drift floor 4§, for the clipped LLR process; certify d, conservatively as the infimum of the
conditional drift over ¢ € A,qv UASYY during the detection window (not just representative

strategies). Verify 6, < min(Jaqv,05y) (raw KL floors from Lemmas [5b [5e); if clipping
reduces drift below either raw floor, document the clipped-process ¢, as the certified value.

4. (C5.SUPP) finiteness check: verify that the clipping procedure handles non-overlapping
support edge cases (zero-cell protection in multinomial channels, log-likelihood floor in
Bernoulli channels). This is automatic under (C5.HOEFF) but should be inspected.
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5.

(C11) gap-growth-rate calibration: certify pg.,, as a uniform worst-case per-SPRT-step
upper bound on (Acgap)n = €gap(Sn) — Egap(Sn—1) over the entire admissible class
Aaav U AZSY during the detection window. Calibration must be conservative, derived from
rate limits, action-volume bounds, and channel-coupling structure: not measured against
representative strategies, since the theorem requires a uniform bound. Any ¢ whose per-
step gap growth exceeds pgap, is by definition outside the admissible adversarial class and
falls into residual (RS) (calibration-exceeded gap-growth); the calibration sets where that
boundary lies.

. (C11.CLK) event-throughput floor + clock calibration: certify Ncascade as a lower

bound on the SPRT exposure event count before any cascade event, with calibrated clock-
failure probability 5. (and calibration-uncertainty probability (., for the empirical-
calibration variant; 3., = 0 certified-conservative).

. Audit-time inequality verification: compute T3 = max{2A4/6,,2R¥ log(1/3)/62?} and

verify Neascade = Tg. If not satisfied, the deployment has the following remediation direc-
tions, each of which makes Tg smaller (or N¢ascade larger):

o Increase 0. — the strongest lever: T scales as 1/62 asymptotically, so improving
detection drift (sharper alternative distributions, less aggressive clipping if support
permits) gives quadratic payback.

* Decrease B (tighten the LLR clip), provided this does not reduce J, proportionally;
R% = 4B? enters Tp linearly. This is a trade-off against post-clipping drift.

* Loosen 3 (accept higher detection-tail failure probability) if the deployment’s safety
budget permits; Tz scales as log(1/1).

* Increase o (loosen the SPRT Type-I tolerance, accepting more false alarms) — re-
duces A = log((1 — 3)/a) linearly; trade-off is alarm-fatigue / operator-cost.

* Increase N ascade — €xtend the operational period or raise the event-throughput floor
(deployment instrumentation: higher monitoring rate, longer cascade-time floor).

Tightening S or raising B increase T and therefore make the inequality harder to satisfy
— the remediation directions go the other way.

. Total Layer 2 failure certification: document 5 + 5.1 + SBca1 as the total Layer 2 failure

budget; verify this meets the deployment’s safety posture.

Cadence: 1initial calibration before deployment activation; re-auditing per epoch when channel-
monitoring policy, clipping radius, or substrate population changes.

Failure modes:

Channel multiplicity grows during deployment (broken (C5.MULT)) — violates the
partition-fixed-before-deployment clause and takes the deployment outside Theorem 1’s
conditions (no longer covered, not a residual).

Post-clipping drift §, much smaller than raw KL floors — clip radius B too aggressive;
loosen B (accepting larger Ry in Tg) or accept lower 6, with corresponding T inflation.

Adversarial gap-growth exceeding calibrated pg,;, — falls into residual (R5) (calibration-
exceeded gap-growth); remediation is re-audit with conservative pg,p, recalibration.

Event-rate bursts violating (C11.CLK) — increase S,k to absorb event-throughput uncer-
tainty; if persistent, the deployment is outside (C11.CLK)’s certified regime.

Adversarial channel-selection at deployment time creating channels not in the audited parti-
tion — violates (C5.MULT) fixed-before-deployment clause; same disposition as channel-
multiplicity growth above.

Constants involved: B (clip radius), Ry = 2B (Hoeffding range), K, (channel cardinality),
K éﬁ““i (multinomial-category cardinality bound), «, 8 (SPRT thresholds), é, (post-clipping drift
floor), pgap (gap-growth rate), Neascade (€vent-count floor), Bex (clock-failure probability), Bcal
(calibration-uncertainty probability). All deployment-class with named-condition provenance.
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Audit 8: environment-side witness instantiation calibration. (C12.ENV-WIT) of Theorem
requires six sub-clauses for each v € Ve, supporting Lemma [Sefs environment-side detection KL
floor. This audit calibrates the constants and certifies the construction.

Procedure:

1. (C12.PUB) Published V., : enumerate Ve, in deployment documentation before activa-
tion. Canonical minimum: V; (rey, Poisson), V5 (substrate-distinctness, Bernoulli), V3
(A, Poisson), V; (trusted-setup status, Bernoulli). Deployments may add variables; each
addition must satisfy (C12.CAL).

2. (C12.PART) Source/witness substrate partition: for each v, name Sgource(v) (source
substrate) and Sepy(v) (Witness substrate). Verify seny(v) # s(agent) and seny(v) #

Ssource ('U)

3. (C12.TRUST-WRITE) Adversary write-access exclusion: audit that the adversary has
no write privileges on Seyy (v). Document the access-control model.

4. (C12.TRUST-CORR) Failure-correlation exclusion: audit that s.,,(v) does not share
infrastructure (compute, storage, network) with substrates the adversary can attack to fail.
Document the failure-correlation model.

5. (C12.SETUP) Trusted-setup honesty: run an environment-side trusted-setup ceremony
with at least one honest participant. Publish setup parameters before activation. Document
participants, ceremony output, and audit cadence for setup-integrity verification.

6. (C12.CAL) Per-variable calibration: for each v, measure baseline pg,
(Bernoulli/Poisson/multinomial), feasible adversarial alternative p;,, threshold 7,
and the recorded-stream map. Verify the support convention (pg € (€env,l — €opy)
for Bernoulli, A\g > €q,, for Poisson, with deployment-class constant €g,y), the DPI
precondition (fixed pre-deployment witness-recording map), and strictly positive raw or

post-clipping drift floor 65" > 0.

7. Combined floor: compute 6}V = min,cy,  6S"; verify > 0.

adv env Yv

8. Composition with Lemma 6: verify that the union-class drift floor used in Lemma @’s Tg
satisfies 0, < min(daqv,dcqy) post-clipping under (C5.HOEFF).

Cadence: initial calibration before deployment activation; re-auditing per epoch when V%), enumer-
ation changes, witness substrate partition changes, or trusted-setup ceremony refresh.

Failure modes:

* Witness substrate within adversary write-access (broken (C12.TRUST-WRITE)) — adver-
sary forges witness records; re-instantiate witnesses on a substrate outside adversary’s do-
main.

* Failure-correlation between agent attack and witness failure (broken (C12. TRUST-CORR))
— restructure infrastructure to remove shared dependencies.

¢ Setup ceremony with all-malicious participants (broken (C12.SETUP)) — re-run ceremony
with diversified participants; Paper 5’s at-least-one-honest is the minimum.

» Coverage gap: a material exogenous variable not in V,,, — expand V,, enumeration; the
gap is a Theorem 1 R2 residual per the refined R2 statement.

* Edge cases (A\g = 0 Poisson, pg € {0, 1} Bernoulli) — apply (C5.HOEFF) clipping fall-
back or regularize baseline with €¢p.

Constants involved: Vg, (variable enumeration), Sen,(v) (Witness substrates per variable), €opy

(support regularization constant), 63" (per-variable KL floors), d54y (combined floor), n, (per-

variable adversarial-shift thresholds). All deployment-policy-derived and deployment-verified.

8.3 Concentration-Gap structural-condition audits (companion paper)

Assumption [T] (the Concentration-Gap structural conditions) is certified by the four audits specified
in [Lasser, 2026b, §6]:
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* Audit (REP) certifies the representativeness bound ||A|| < prep via a one-sided upper
confidence bound under p-population sampling (or reweighting) of utility-disclosure attes-
tations.

« Audit (DISP) certifies the dispersion bound [ [|A, — Al?du < o2 via the same pu-
population machinery; trade-flow w statistics serve only as monitoring signal, not certi-
fication.

* Audit (COAL) certifies coalition partitioning, the post-partition cardinality bound N <
Npax together with p taken as the uniform measure on the post-partition counterparties
(the structural prerequisite for the HHI-to-x? translation x?(w || ) = NHHI(w) — 1),
or alternatively the direct x?(w || #) < Z commitment, and the latent-coalition residual
confidence bound Niatent < Prmiss - || A]|max from detection-power calibration.

* Audit (EMB) certifies the embedding ¢ as affine-isometric (or bi-Lipschitz with docu-
mented constants) on the operationally active subspace; this audit is a precondition for the
(REP) and (DISP) audits.

Cadence. Initial certification before deployment activation; re-calibration on counterparty-
population changes ((REP), (COAL)), threshold-violation alerts ((DISP)), or verification-protocol
redesign ((EMB)).

Integration with the deployment workflow. Each (REP)/(DISP)/(COAL)/(EMB) attestation lands
on the verification ledger [Lasser, |2026a] alongside Audits 1-8 above. The integrated workflow
(§8.8) calls these four structural-condition audits during the pre-deployment certification phase and
at steady-state cadence; deployments that cannot certify any of (REP), (DISP), (COAL), (EMB) lie
outside Theorem[I[s Layer 1 binding.

8.4 Channel monitoring and SPRT

Four-channel observation ledger. For each of [Lasser,|2026e, Microfoundation]’s four channels,
a continuous observation stream is committed to the ledger:

* Channel 1 (Cooperative-output rate): cross-substrate cooperative event arrivals, with
timestamp, participating substrates, and volp-attribution.

* Channel 2 (Attestation share): per-claim attestation outcomes (pass/fail), with witness
identity and evaluation protocol.

* Channel 3 (Individuation drift): bundle-decomposition events committed via governance
fork, with ledger entry per change.

¢ Channel 4 (Bundle/cooperative-edge shifts): cooperative-edge changes (which capabili-
ties cooperate with which others), with ledger entry per modification.

SPRT alternative-distribution selection. For each channel ¢ € {1, 2, 3,4}, the deployment spec-
ifies the SPRT alternative distribution pgc) that the monitor uses for hypothesis testing.

Procedure:

1. Estimate the baseline distribution péc) from no-adversary deployment data. For Channel 1
(Poisson arrivals), pg is parameterized by rate \g. For Channel 2 (Bernoulli attestation),
by success probability py. For Channels 3, 4 (multinomial concentration), by partition
parameters.

2. Choose the least-favorable alternative: the smallest detectable shift the deployment cares
about. This is a policy decision; tighter alternatives detect smaller deviations but at higher
false-alarm cost.

3. Per [Lasser, 2026a, Exogenous Verification]’s least-favorable-distribution discipline
([Lasser,[2026a), §Continuous Behavioral Monitoring]): p(lc) = baseline shifted by the min-
imum operationally-significant magnitude 7)..

4. Compute the per-channel KL floor:

5 = Dir. (0 || p57),
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using the per-channel formulas of Lemma @] (Poisson, Bernoulli, multinomial closed
forms).

5. Set d4qy = ming ..

Cadence: initial selection at deployment activation; re-selection when baseline distributions shift
(e.g., after significant capability changes or after governance-protocol updates).

SPRT thresholds. The SPRT upper threshold A = log((1 — )/« depends on deployment policy
choices: Type-I rate o and miss probability 3. Tighter thresholds produce faster detection but higher
false-alarm rate. Per Lemma [(]s rigorous Hoeffding inversion, the SPRT high-probability detection
quantile is:

Ty(B.0.) = max{f;:‘, 21%%1;?(1//3)},

satisfying Pr[Tyetect > T3] < . Total Layer 2 failure is bounded by 3 + Seix + Beal, Where
Belk, Beal are the (C11.CLK) clock-failure and calibration-uncertainty probabilities (with 5., = 0
in the certified-conservative case). The deployment specifies «, 3, B, 0x, Neascade Bclk (and Bea if
empirical) per Audit 7, and verifies the audit-time inequality Neascade = T3 holds.

8.5 Cooperative-anchoring infrastructure (g, /19, 111)

Iy: substrate-exclusivity observability. The deployment instantiates an audit infrastructure ex-
posing the substrate-exclusivity property to the human substrate:

* Stable verifier identity registry: ledger entries identifying each algorithmic witness’s sub-
strate placement, cryptographic key, and operating protocol. Changes to verifier identity
require governance-fork acceptance (cross-substrate supermajority).

* Public change control: every modification to witness configuration, evaluation protocol, or
verification authority is committed to the ledger as a governance entry. Public deliberation
records inherit [Lasser, [2026a, Exogenous Verification]’s transparency.

» Witness independence audits: periodic audits verifying that witnesses on different sub-
strates produce statistically independent attestations (i.e., correlated failures across sub-
strates trigger investigation).

* Nondelegable governance hooks: certain governance decisions (e.g., disabling a witness,
replacing a substrate) cannot be delegated to automated agents. The hook list is published.

* Verification-authority shift alerts: when verification authority moves between entities (e.g.,
a witness’s operator changes), the ledger emits an alert that human reviewers must acknowl-
edge.

Cadence: continuous (verifier identity registry, alert infrastructure), periodic (witness independence
audits), event-driven (change control, authority shift).

I,o: coverage/materiality gating. Procedure:

1. For each agent-affected domain D, the deployment maintains a cumulative-effect estimator
&(D). Estimation methodology must be specified per domain (e.g., transaction volume for
financial domains, decision count for governance domains, output token count for content
domains).

2. Set the materiality threshold 0,,,teia1 per domain, calibrated to the domain’s reversibility
and stakes.

3. Implement routing logic: any action affecting domain D with £(D) > Oyaterial Mmust route
through the shared verification layer ([Lasser, 2026al Exogenous Verification]’s commit-
ment + algorithmic-witness verification). Routing happens at action generation time, not
after the fact.

4. Audit the routing: ledger entries for each materiality-threshold-crossing action confirm the
routing was applied.
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Failure mode: sub-threshold aggregation (an agent distributes effects across many domains, each
below threshold, that aggregate to materially-important behavior). Mitigation requires multi-domain
aggregation in £ and operationally conservative 6 ,atcrial-

I11: latency-bound enforcement. Procedure:

1. For each agent action class C, set the audit-completion time bound 7, ,4i;(C') and the lead-
time slack Ajeaq.

2. Enforce Tyuait (C) + Alead < Taction (C) via one of three mechanisms:

* Rate limit: cap action class C’s frequency so that average action interval >
Taudit(c) + Alead-

* Timelock: delay action execution by T}, ,4it (C) 4+ Ajeaq after action proposal, allowing
audit to complete.

* Circuit breaker: halt action execution pending audit completion when audit-latency
exceeds threshold.

3. Tier action classes by stakes: high-stakes classes get tight Aje.q (e.g., timelocks); low-
stakes classes get fast paths with audit trails.

Failure mode: an action class with T,.tjon shorter than the audit window. Mitigation: rate limit or
timelock. Throughput cost is part of the deployment’s safety budget.

8.6 Training-time discipline for (C4)

(C4) requires the agent’s effective objective to realize causally grounded cooperative-outcome value.
Vanilla RLHF does not deliver this. The training-time discipline:

Delayed outcome feedback. Training rewards are based on long-horizon cooperative outcomes
(measured from the realized post-deployment state) rather than on near-term verification-pass sig-
nals. Implementation: held-out deployment windows where the agent’s outputs are evaluated against
ground-truth cooperative outcomes after delay Aqutcome (typically days to weeks for governance de-
cisions, longer for strategic decisions). Training data includes the (action, delayed outcome) pairs.

Adversarial fake-verification examples. Training data includes examples where verification is
captured/replaced (e.g., a captured auditor that always passes a specific class of outputs). The correct
training reward is “recognize this is not the real cooperative.” Implementation: synthesize fake-
verification scenarios; reward the agent for producing outputs that detect the substitution rather than
exploiting it.

Process supervision tied to real attestations. Training rewards reasoning steps that reference
actual attested ledger entries, not unattested claims. Implementation: per intermediate step in the
agent’s reasoning, verify whether referenced facts are committed on the ledger; reward attested-only
reasoning paths.

Credit assignment penalizing substitute-verification shortcuts. Even when the immediate out-
put looks correct, the agent is penalized if the path bypassed substrate-exclusive verification. Imple-
mentation: trace each output’s provenance through the agent’s reasoning; if the path does not pass
through a substrate-exclusive witness, penalize.

Validation. The training discipline’s effectiveness is verifiable via held-out adversarial-fake-
verification benchmarks: the agent’s response rate to these benchmarks measures whether training
has produced causally-grounded cooperative-outcome value or merely reward-visible cooperation
signals.

Caveat. These are research directions, not solved engineering practices. This paper’s deployment
claim is conditional on (C4); we do not establish how to achieve (C4) reliably. The deployment
documentation should report the training-discipline measures used and the validation results.
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8.7 Correction actions

Theorem 1 Layer 2 establishes detection with lead time for correction; the corrective action itself is
operational, not theorem-bounded. The deployment specifies:

Correction-authority hierarchy. Who can authorize correction actions when SPRT detects an
invariant violation. Three tiers:

» Automated tier: circuit-breaker-style halts when SPRT fires within bounded windows. Ac-
tion: halt execution pending human review.

* Operator tier: on-call human operators can authorize scope-limited corrections (e.g., re-
running a specific protocol, rolling back a governance entry).

* Governance tier: deployment-level corrections (e.g., re-training the agent, modifying the
threat model) require governance-fork acceptance with cross-substrate supermajority.

Rollback semantics. For correctible violations (e.g., an action committed under since-detected
invariant violation), the rollback procedure: revert the action’s effects, mark the ledger entry as
voided, and route the affected domain back through the shared verification layer. For irreversible
violations, the procedure is forensic: document the violation, update the threat model, and adjust
deployment parameters.

Post-detection restoration. After detection and correction, the deployment must verify that in-
variants have returned to their pre-violation state. SPRT machinery resumes; the violation episode
is added to the threat-model audit trail.

8.8 The integrated deployment workflow

The integrated workflow combines all the above:

1. Pre-deployment: (a) Run m/}® failure-correlation audit (§8.2} Audit 1). (b) Run
cooperative-vs-redundancy audit (Audit 3). (c) Calibrate SPRT alternatives and thresholds
(§84). (d) Verify training-discipline validation (§8.6). (e) Establish trusted-setup cere-
mony for Pedersen commitments. (f) Publish the deployment documentation: substrate
identification, threat model, V,,, coverage, 0y aterial thresholds, Ty,q45¢ bounds.

2. Deployment activation: (a) Activate ledger nodes per substrate (§8.1). (b) Activate con-
tinuous SPRT monitoring on all four channels. (c) Activate I¢ observability infrastructure,
I,y coverage gating, 117 latency bounds. (d) Begin continuous «a-distribution audit (Au-
dit 2).

3. Steady-state: (a) Continuous invariant monitoring across I;—/11. (b) Periodic re-audit
of mg;fdep (annual or threat-model-update triggered). (c) Periodic re-audit of cooperative-
vs-redundancy when capability poset changes meaningfully. (d) Periodic re-calibration of

SPRT alternatives when baseline distributions shift.

4. Detection event: (a) SPRT fires on a four-channel deviation. The specific channel identifies
the violation class. (b) Automated tier triggers (circuit breaker if necessary). (c) Operator
tier review; corrective action authorized if scope permits. (d) Governance tier escalation if
scope exceeds operator authority. (e) Post-detection restoration and ledger update.

5. End-of-deployment: Full audit trail published. The deployment’s invariant-history, de-
tection events, and correction actions become part of the threat-model evidence for future
deployments.

This workflow is the operational invocation of Theorem 1. Operators following the workflow are

running a deployment that meets (C1)—(C12) and Assumption [I} the theorem then binds in its three-
layer form.

Resource requirements. The deployment-tooling specification has non-trivial throughput and
operational-overhead implications:
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* Cross-substrate substrate maintenance (separate substrates for Human, AI, Formal-
Operational layers).

* Continuous SPRT monitoring on four channels.

* Periodic audits (mgg ©, cooperative-vs-redundancy, o-distribution, witness indepen-

dence).
* Latency-bound enforcement (rate limits, timelocks, circuit breakers).

* Training-discipline infrastructure (delayed outcome feedback collection, adversarial-fake-
verification benchmark generation).

These costs are part of the deployment’s safety budget. This paper does not specify acceptable
resource bounds; deployments calibrate against their own operational constraints. The trade-off is
structural: tighter deployment tooling produces a more defensible safety claim at higher operational
cost; looser tooling reduces cost but expands the residual classes the deployment cannot cover.

9 Worked deployment scenarios

This section walks through four deployment scenarios that operationalize Theorem [I]s conditional
structure. The scenarios are stylized but realistic: each is calibrated to a deployment class that
real safety-engineering teams would consider. The purpose is to demonstrate that the conditions
(C1)—(C12) and Assumptionﬂ]are checkable in concrete cases, not just in the abstract.

The four scenarios:

* Scenario 1 (clean case): A deployment where all invariants hold and the bound is tight.

* Scenario 2 (per-invariant violation walkthrough): Examples of how each I}, failure man-
ifests operationally and how the SPRT machinery catches it.

* Scenario 3 (adversarial coalition): An attacker attempting to evade the bound, demon-
strating the structural defenses against capture-of-existing.

* Scenario 4 (canonical tripartite audit): A walkthrough of how a real deployment estab-

lishes m:;fdel) = 3, balances «, and runs the integrated workflow of

9.1 Scenario 1: clean case

Deployment context. An automated research-coordination system. The Human substrate hosts a
small team of expert reviewers authorized to vote in the governance fork. The AI substrate hosts
a single LLM-based agent that proposes research directions, drafts preliminary analyses, and exe-
cutes assigned computations. The Formal-Operational substrate hosts: (a) a Pedersen-commitment
ledger replicated across three substrate-exclusive cloud providers (failure-correlation independent
across the providers per mgflfdep audit); (b) algorithmic witnesses verifying each agent output against
committed claims; (c) a governance-fork protocol for accepting evaluation protocols and bundle-

decomposition events.

Pre-deployment audits (§8.8] Step 1).

mf;fdep audit (Audit 1). The threat model 7 enumerates: (1) prompt-injection on the LLM, (2)

human cognitive bias / motivated reasoning, (3) cryptographic-implementation bugs, (4) training-
data poisoning of the LLM, (5) trusted-setup failure, (6) social engineering (excluded as R4 per
. Each remaining mechanism is contained in one substrate; mgf‘fdep = 3 verified.
Cooperative-vs-redundancy audit (Audit 3). Capabilities are categorized: Single-substrate (76 capa-
bilities), Cross-substrate cooperative (24 capabilities including the verified-research-output cooper-
ative spanning all three substrates), Redundant (3 capabilities, the redundant ledger replicas). volp-
weighted: Vioop = 14.2, Viedun = 0.4. Vigop > Viedun, so the deployment is in the cooperative-
overlap regime.

Continuous a-distribution audit (Audit 2). The substrate volp-shares are computed via Deﬁnition
Initial values: aguman = 0.34, aar = 0.33, AFormal = 0.33. Balanced-loss condition max, o, <
1/3 + € holds with € = 0.05.
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SPRT calibration. Channel-1 baseline: Ay = 12 cooperative events per day. Least-favorable alter-
native: A\g —7; = 8. Channel-2 baseline: attestation success pp = 0.94. Least-favorable alternative:
po — N2 = 0.85. Channels 3, 4: multinomial concentration thresholds calibrated to the deployment’s
capability poset structure. d,q, = min. §. = 0.18 (computed via Lemma[5b] per-channel formulas).

Deployment activation. Ledger nodes activated; SPRT monitors begin continuous tracking; I
verifier-identity registry published with deliberation period; 179 materiality thresholds set (0, aterial
= 50 governance decisions or equivalent for high-stakes domains, 1000 for medium-stakes); /11
latency bounds enforced (high-stakes actions get 24-hour timelock; medium-stakes get rate-limit at
one per hour).

Steady-state operation (one quarter). The deployment runs continuously. SPRT does not fire on
any channel during the quarter. All eleven invariants hold throughout. «-distribution drifts within
tolerance (max aa1 = 0.36, well within 1/3+0.05). HHI on trade flows stays below H* (computed
at 0.42, ceiling at 0.55).

Theorem 1 binding. All twelve theorem conditions plus the Concentration-Gap structural condi-
tions (Assumption[I]) hold throughout the quarter. Core regime conditions (C1)—(C5):

* (Cl) eleven invariants verified continuously.
* (C2) canonical tripartite identification verified.
* (C3) cooperative-overlap regime verified (Veoop > Viedun)-

* (C4) training-discipline validation report attached (delayed-outcome feedback over the
prior six months; adversarial fake-verification benchmarks passed at 92%).

* (C5) continuous SPRT monitoring confirmed.

* Assumption [I] structural conditions ((REP), (DISP), (COAL), (EMB)) certified by audit
per [Lasser, [2026b, §6]: counterparty-population diversity verified, dispersion estimate o
within deployment-class bound, coalition-detection produces no flagged blocs above audit
threshold, embedding ¢ certified affine-isometric on the operationally active subspace.

Deployment-class conditions (C5.SPRT) and (C6)—(C12) are calibrated via Audits 4-8 (§8.2)):

* (C5.SPRT) sub-clauses (HOEFF/MULT/IID/SUPP) calibrated via Audit 7. B, K, < 8,
multinomial-cardinality bound K ;{‘1“1“, post-clipping 6., and multinomial support floor €y,
all certified.

* (C6) bounded-Lipschitz alignment verified: the deployment’s welfare functional g is a
bounded-weight scalarization (K1, certified).

* (C7) bounded co-evolution: M certified by per-channel coupling audit (Audit 4).
* (C8) per-capability admissibility ceilings: assigned by policy and verified per capability.
* (C9) parameterization regularity (BD/CL/WB/TF) verified via Audit 5.

* (C10) pairwise cooperative-production floor with audited subset S, certified via Audit 6
(po > 0).

* (C11) bounded gap-growth rate pg,, certified via Audit 7 as a uniform worst-case bound.

* (C11.CLK) clock comparability: Neascade > 1 certified; Seik, Scal documented.

e (C12.ENV-WIT) environment-side witness instantiation certified via Audit 8
(PUB/PART/TRUST-WRITE/TRUST-CORR/SETUP/CAL).

The deployment-safety bound binds: Goodhart slack is bounded by Lip(g) - hstatic(€) throughout
the quarter, intensive in the system’s capability magnitude.

What this scenario establishes. Theorem 1’s conditions are checkable in a realistic deployment
context. The audits are non-trivial but tractable; the SPRT machinery runs without false alarms in
the clean case; the bound holds.

9.2 Scenario 2: per-invariant violation walkthrough

We walk through six invariant violations to illustrate how each manifests operationally and how the
SPRT machinery catches it.
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Violation 1: I; (p;:0%° floor) collapse. Symptom. A safety-relevant world-model dimension loses
its last cross-substrate observation channel (e.g., the witness for “cross-substrate cooperative output

rate” is decommissioned without governance approval).

Manifestation. Channel-2 attestation share drops on the affected dimension. SPRT fires on Channel
2 within mean time A/ds.

Correction. Operator-tier authorizes restoration of the witness; ledger entry voided pending review.
If restoration is not possible, governance escalation: replace the dimension or restructure the de-
ployment.

Violation 2: I3 (subsumption frequency) burst. Symprom. A burst of agent-removal events (e.g.,
five subsumptions in a single day where the baseline is one per week).

Manifestation. Channel-3 individuation drift signal: the substrate-distinctness profile shifts as agents
are removed. SPRT fires on Channel 3 within mean time A/ds.

Correction. Automated tier (circuit breaker): halt further subsumption pending review. Operator
tier reviews the subsumption sequence; if locally rational, ledger documents the rationale; if not,
governance escalation.

Violation 3: 5 (HHI ceiling) breach. Symptom. Trade-flow concentration rises above the ceiling
(e.g., HHI computed at 0.61, ceiling at 0.55).

Manifestation. Channels 1 and 4 jointly: cooperative-output rate may shift, and bundle/cooperative-
edge composition shifts. SPRT may fire on Channel 1, Channel 4, or both, within mean times A/41,
A/dy.

Correction. Investigate the concentration source: is the agent optimizing for a narrow capability
subset? Is governance imbalance pushing trade flow toward a subset? Operator tier authorizes
scope-limited actions; governance escalation if deployment-level restructuring needed.

Violation 4: I, (substrate-exclusivity observability) failure. Symprom. An audit reveals that
two of the three ledger nodes are operated by the same cloud-provider failure mode (a recently-
discovered shared dependency). Substrate-exclusivity has degraded without producing visible sig-
nals on the four monitored channels.

Manifestation. Not a Channel-1-4 SPRT violation. The violation surfaces via the periodic witness-
independence audit (§8.5] Iy infrastructure).

Correction. Operator tier (audit reveals the shared dependency); governance escalation to migrate
one ledger node to a genuinely independent substrate. Until migration completes, the deployment is

operating in a regime where m;rflfde‘) < 3; Theorem 1 does not bind.

Violation 5: I, (coverage/materiality) violation. Symptom. An aggregated effect across multi-
ple sub-threshold domains rises to material importance (e.g., 100 small governance decisions that,
in aggregate, have shifted deployment policy significantly).

Manifestation. Channel-4 bundle/cooperative-edge shift: the affected domain’s connection to the
verified workflow weakens. SPRT fires on Channel 4.

Correction. Automated tier: halt the affected domain pending review. Operator tier: re-evaluate
Omaterial and possibly tighten it; route recently-aggregated decisions back through shared verifica-
tion.

Violation 6: [, (latency bounds) violation. Symptom. An action class’s Tytion effectively re-
duces to below Ty yqis due to performance optimization on the agent side.

Manifestation. Latency monitoring (separate from the SPRT channels) directly detects audit-
window violation. No SPRT firing needed.

Correction. Automated tier: enforce circuit breaker on the affected action class. Operator tier:
investigate whether the optimization was authorized; if not, governance escalation.
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What this scenario establishes. The eleven-invariant structure produces detectable signals across
the four observable channels (and the additional Iy, /17 infrastructure). No violation is silent in the
deployment-tooling specification.

9.3 Scenario 3: adversarial coalition attempting to evade

Adversarial setup. A coalition of agents on the Al substrate attempts to evade Theorem 1’s bound
by pursuing Arg via internal restructuring without producing cooperative outputs the human sub-
strate values. The coalition’s goal: increase the Al substrate’s effective capability share a1 while
preserving the appearance of compliant behavior.

Three evasion attempts and their structural defenses.

Evasion attempt 1: Replace verification. Attack. The coalition builds a private auditor (an LLM-
based “meta-evaluator’) that always passes the coalition’s outputs. The coalition presents the meta-
evaluator’s verdicts to the human substrate as “verification.”

Defense (cooperative-anchoring + Ig). The human substrate participates in the specific shared
verification infrastructure committed to the ledger. A meta-evaluator output is not a ledger-
committed verification; the human, via Iy’s verifier-identity registry, sees that the meta-evaluator
is not listed as an algorithmic witness. The cooperative-anchoring property’s Component 3 (output
non-fungibility): the meta-evaluator’s verdict is not the same as a witness’s verdict; the cooperative
output is undermined.

Outcome. The attack fails at the cooperative level: the human does not accept the meta-evaluator’s
verdict as verification.

Evasion attempt 2: Cooperative forking. Atfack. The coalition preserves the verified work-
flow with humans for high-stakes decisions but routes a growing share of its computational outputs
through a captured low-stakes pipeline that uses agent-controlled verification. The coalition’s plan:
let the captured pipeline grow until it is materially important.

Defense (I). The cumulative-effect estimator £ tracks the captured pipeline’s accumulated effects.
Once &(pipeline) > Omaterial, the I1o routing logic forces the pipeline through the shared verifica-
tion layer. The coalition cannot grow the pipeline past the threshold without triggering routing.

Outcome. The attack converts to capture-of-existing (the coalition must now corrupt the shared
verification, which is governed by [Lasser, [2026a, Exogenous Verification]’s structural defenses).

Evasion attempt 3: Time-asymmetry. Attack. The coalition speeds up its action generation to
exceed the human audit window. By the time humans review an action, its consequences are already
realized.

Defense (111). Latency bounds enforce Tyction > Taudit + Alead Via rate limit / timelock / circuit

breaker. The coalition cannot exceed the action rate without triggering enforcement.

Outcome. The coalition’s effective action rate is bounded; the attack reduces to ordinary execution
within the latency-bounded regime.

Evasion attempt 4: Capture the algorithmic witness. Attack. The coalition compromises the
algorithmic witness on the Formal-Operational substrate (e.g., exploiting an implementation bug).
The witness now passes the coalition’s outputs without genuine verification.

Defense ([Lasser, 2026a, Exogenous Verification] + Iy). [Lasser, |2026a, Exogenous Verification]’s
coalition-resistance proposition bounds the success of this attack: substrate-exclusivity means the
coalition (on the Al substrate) cannot compromise a witness on a different substrate without breach-
ing the substrate partition. Iy’s witness-independence audits trigger investigation when indepen-
dence degrades.

Outcome. Capture-of-existing requires either substrate compromise (violating mi;fdep — detectable

by Iy’s verifier-independence audit) or governance-fork capture (requiring cross-substrate superma-
jority — structurally barred by [Lasser, 2026a, Exogenous Verification]).
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What this scenario establishes. All four evasion attempts are structurally barred or converted into
capture-of-existing, which is bounded by the existing [Lasser,2026al Exogenous Verification] + this
paper defenses. Theorem 1’s deployment claim survives realistic adversarial pressure in the modeled
threat class.

9.4 Scenario 4: canonical tripartite audit walkthrough
This scenario walks through how a deployment establishes the canonical tripartite identification
operationally.

Initial substrate identification. A team building an Al-coordination platform proposes Human +
Al + Formal-Operational substrates. The Human substrate is the team itself (5 reviewers). The Al
substrate is a single LLM-based agent. The Formal-Operational substrate is a Pedersen-commitment

ledger replicated across three substrate-exclusive cloud providers (AWS, GCP, Azure).
inde

meog © failure-correlation audit (Audit 1).

Threat model enumeration.

* Prompt injection on the LLM. Single-substrate (AI).

* Cognitive bias / motivated reasoning. Single-substrate (Human).

* Cryptographic-implementation bugs in the witness. Single-substrate (Formal-Operational).
* Training-data poisoning. Single-substrate (Al).

* Trusted-setup ceremony failure. Single-substrate (Formal-Operational).

* Cloud-provider-correlated failure (e.g., a vulnerability affecting AWS, GCP, Azure simul-
taneously). Multi-substrate in nominal sense, but each provider is a separate node within
the Formal-Operational substrate; the failure is contained within that substrate.

* Social engineering (excluded as R4).

Each remaining mechanism is contained in one substrate. my; *© = 3 verified.

Audit documentation. A written report listing each mechanism’s substrate placement, signed by
independent reviewers (one per substrate).

Cooperative-vs-redundancy audit (Audit 3).
Capability inventory.
o Single-substrate capabilities: 32 (Al: 18 reasoning capabilities; Human: 8 judgment capa-
bilities; Formal-Operational: 6 verification primitives).

* Cross-substrate cooperatives: 18 (e.g., “verified research output” requiring all three sub-
strates; “governance decision” requiring Human + Formal-Operational; “attested computa-
tion” requiring AI + Formal-Operational).

* Redundant capabilities: 3 (the three ledger replicas).
volp-weighted sums. Veoop = 24.7, Viedun = 0.6. Veoop/Viedun =~ 41, well into the cooperative-
overlap regime.

a-distribution audit (Audit 2). Compute counter-factual loss fractions:

* Qpuman: removing Human eliminates 8 single-substrate capabilities + 13 cross-substrate
cooperatives involving Human. volp(G;(Human) /volp(Gg) = 0.66, s0 @uman = 0.34.

* aar: removing Al eliminates 18 single-substrate capabilities + 11 cooperatives involving
Al a1 = 0.36.

* QfFormal: removing Formal-Operational eliminates 6 single-substrate capabilities + all 18
cooperatives (each requires verification). agorma; = 0.30.

Note: ) a5 = 1.00 in this case because the cooperative structure is non-overlapping; with cross-
substrate cooperatives that involve multiple pairs, the sum could exceed 1 (per Definition [I4).
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Balanced-loss condition: maxs s = 0.36 < 1/3 + 0.05 = 0.383. Verified.
SPRT alternative-distribution selection (illustrative).

The deployment specifies parameters from which the operator computes per-channel KL floors via
the formulas in Appendix [A.5}

* Channel 1 (Poisson cooperative-rate): Ao = 8 cooperative events per day, adversarial alter-
native Ay = 6 (shift7; = 2). Per the Poisson KL formula, 6; = 61log(6/8)—6+8 ~ 0.274.

¢ Channel 2 (Bernoulli attestation): py = 0.95, p; = 0.85 (shift o = 0.10). Per the
Bernoulli KL formula, § = 0.8510g(0.85/0.95) + 0.15log(0.15/0.05) = 0.070.

* Channels 3, 4 (multinomial concentration): per Appendix [A.3] the least-favorable concen-
tration on the smallest-baseline-mass cell gives positive deployment-class floors d3, d4 de-
pending on the multinomial cardinality and support floor €.y, from (C5.SUPP); illustrative
deployment values ~ 0.10.

* Jadv = ming . = 0.07 for this illustrative parameterization.

The numbers above are illustrative for a concrete deployment-tooling instance; real deploy-
ments compute exact values via the formulas in Appendix [A.5] from the deployment’s chosen
)\Oa P05 Te, €env values.

Latency-bound calibration. The deployment classifies actions into three tiers:

* High-stakes: governance decisions, capability acquisitions. Audit window: 24 hours; lead-
time slack: 4 hours. Enforcement: timelock.

* Medium-stakes: research outputs, formal analyses. Audit window: 4 hours; lead-time
slack: 30 minutes. Enforcement: rate limit at one per hour.

* Low-stakes: routine queries, status updates. Audit window: 5 minutes; lead-time slack: 1
minute. Enforcement: circuit breaker on rapid bursts.

Outcome. All audits pass; deployment activated; Theorem 1’s conditions verified. The deployment
runs in the provably-safe regime as long as the audits’ results hold and the SPRT machinery does
not detect violations.

9.5 What the scenarios establish

The four scenarios collectively establish:

Theorem 1’s conditions are operationally checkable. Each of (C1)—(C12) translates to a concrete
audit, calibration, or monitoring procedure. The deployment-tooling specification of §8] produces
real artifacts (audit reports, calibrated thresholds, ledger entries) that collectively verify the condi-
tions hold.

Invariant violations produce detectable signals. The six-invariant walkthrough of Scenario 2
demonstrates that no violation is silent: SPRT machinery, witness-independence audits, and latency
monitoring jointly cover the violation surface.

Adversarial coalitions are structurally bounded. Scenario 3’s four evasion attempts are each
barred by named defenses. The defenses are structural (cooperative-anchoring, substrate-exclusivity,
materiality routing, latency bounds), not heuristic. Capture-of-existing remains possible but is
bounded by [Lasser, 2026a, Exogenous Verification]’s existing machinery.

The canonical tripartite identification is realistically achievable. Scenario 4 walks through audits
areal deployment team would perform. The audit machinery is non-trivial but tractable; the resulting
documentation supports Theorem 1’s invocation.

These scenarios are stylized; real deployments will face complications not modeled here (multi-
tenant deployments, mixed threat models, evolving capability posets). The purpose of the scenarios
is to demonstrate that the conditional theorem is not vacuous — there exist deployments for which
(C1)~(C12) and Assumption[I]s structural conditions hold, and the deployment-safety bound binds.
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10 Discussion

This section frames what this paper establishes, situates the deployment-safety theorem in the
broader alignment-research program, and enumerates the open questions deferred to follow-up work.

10.1 What this paper establishes

Theorem [T| produces a structurally defensible deployment-safety claim with three components:

An operationally checkable conditional theorem. Under the eleven invariants /;—/11, the canon-
ical tripartite substrate identification, the cooperative-overlap regime, the causally-grounded inner-
alignment condition, continuous SPRT monitoring, and the Concentration-Gap structural conditions
(Assumption [T} representativeness, bounded dispersion, coalition closure, and Lipschitz embedding
compatibility), the Goodhart slack between proxy and operational truth is bounded by a constant
intensive in the system’s absolute capability magnitude. Each conditional is named, operationally
auditable from ledger or verification-protocol-design state, and implementable via the deployment-
tooling specification of §8]

Capability-magnitude independence. The bound’s intensivity is the structural inversion of
capability-estimation-centered safety paradigms (§I.3). Whatever capabilities a deployed system
actually possesses, the Goodhart slack stays bounded as long as the operational invariants hold; the
deployment claim scales past any capability level the deployment’s evaluation methods can char-
acterize. This is the punchline the title promises: a provably safe regime for capability-unbounded
deployment.

Named residual structure. The five residuals (R1)-(R5) of Theorem 1 are explicit components
of the claim, not hidden caveats. Operators can verify whether their deployment falls outside each
residual; the residuals collectively name the boundaries of what the deployment claim covers.

The structural shape of the claim is a multi-conditional theorem with each condition visible, each
empirical assumption named, and each scope restriction named. This paper’s contribution is not a
sweeping safety guarantee; it is the demonstration that a sweeping guarantee is not necessary for
operational deployment safety, provided the conditions are structurally chosen to make the bound
capability-magnitude-independent.

10.2 Sensitivity to failure of the named conjecture and assumptions

Theorem [I]s three-layer claim is not unconditional. The deployment claim conditions on the
twelve operational conditions (C1)-(C12) plus the structural conditions of Assumption [I] (repre-
sentativeness, bounded dispersion, coalition closure, and Lipschitz embedding compatibility) and
the (C7.RATE) sub-clause introduced as part of (C7). Failure of any structural condition triggers a
specific audit-detectable signal; this subsection traces the failure-mode taxonomy under the struc-
tural decomposition.

Bounded co-evolution failure factors through three primitive conditions. [Lasser,[2026b, The-
orem 1] derives bounded co-evolution from (C5.HOEFF), the new (C7.RATE), and the verification
protocol’s channel-projection structure. Failure of (C7) in the deployment claim therefore decom-
poses:

* (CS.HOEFF) failure. Per-step LLR is unbounded, B is undefined. Detection: Audit 7
(§8.2)) catches this. Mitigation: enforce LLR clipping via verification-protocol design.

* (C7.RATE) failure. Exposure event count grows faster than Ay ax - Tmeta. Detection:
(C7.RATE) audit ([Lasser, 2026bl §6]) catches this. Mitigation: hard rate limits enforced
by substrate-exclusive infrastructure.

* Channel-projection failure. Ledger event-classification policy doesn’t respect the zero-
outside-engagement convention. Detection: structural-projection audit ([Lasser, 2026b),
§6]) catches this. Mitigation: redesign verification-protocol classification policy.
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Bounded-co-evolution failure thus decomposes into primitive failure modes, each with its own audit
signal and mitigation pathway.

Concentration-Gap structural-condition failure factors through (REP), (DISP), (COAL),
(EMB). [Lasser, [2026b, Theorem 2] establishes the scoped Concentration-Gap result under
(REP) + (DISP) + (COAL) and Lipschitz embedding compatibility. Concentration-Gap structural-
condition failure decomposes into:

* (REP) failure. The counterparty population’s mean utility deviates systematically from
the welfare-relevant truth W, with ||A|| > prep. Detection: counterparty-selection-process
diversity audit. Mitigation: counterparty-population diversification or scope restriction.

* (DISP) failure. Counterparty utility deviations have unbounded population variance. De-
tection: p-population utility-disclosure sampling/reweighting per the (DISP) audit proce-
dure of [Lasser, 2026b| §6] (trade-flow w statistics serve only as monitoring signal, not
certification). Effect: the forward bound in [Lasser}, [2026b, Theorem 2] weakens but does
not collapse; the deployment claim accommodates large o at the cost of a larger Goodhart-
slack ceiling.

* (COAL) failure. Hidden coalitions of small counterparties produce coordinated effects
that the audit’s partition does not capture, with 7jatent Unbounded. Detection: coalition-
detection limits on the verification ledger. Mitigation: tighter coalition-detection thresholds
or scope restriction.

* (EMB) failure. The embedding ¢ is not bi-Lipschitz on the operationally active subspace,
so the algebraic kernel of [Lasser, [2026b, Theorem 2] does not transfer to the deployment
claim’s ||P — T|| form. Detection: embedding-¢ certification audit (§8.3). Mitigation:
choose a different embedding, or restrict the deployment’s scope to a subspace where bi-
Lipschitz ¢ exists.

Layer 1 binding requires (REP) + (DISP) + (COAL) and embedding compatibility all to hold;
Layer 2 binds via SPRT detection independently of Layer 1’s status, and the deployment can lo-
calize which structural condition has failed.

The universal Concentration-Gap conjecture. [Lasser, [2026e, Microfoundation]’s universal
model-free Concentration-Gap conjecture (optimization pressure correlates with gap exploitation
in any deployment context) remains open. The companion paper [Lasser, 2026b|| discharges only
the scoped version under (REP) + (DISP) + (COAL) + (EMB). If the universal conjecture is false
in some regime not characterized by these conditions, the deployment claim does not bind in that
regime; the auditable conditions are precisely the ones that characterize where the deployment claim
does bind. See §10.6|for the conjecture’s status as a deferred-indefinitely research-program target.

Symmetric failure-mode profiles. Bounded co-evolution and the Concentration-Gap structural
conditions both decompose into specific structural-condition failures with audit-detectable signals;
the deployment claim treats them on the same footing rather than as a load-bearing hard-failure
paired with an empirical-adequacy graceful-degradation. The remaining empirical-adequacy ques-
tion — whether the universal Concentration-Gap conjecture holds outside the (REP) + (DISP) +
(COAL) + (EMB) regime — is a research-program question rather than a deployment-claim ques-
tion. The deployment claim binds within the audit-certifiable structural regime; failure modes out-
side that regime are scope restrictions, not deployment-claim failures.

Closing the deployment-class constants under capability scaling. Several theorem-level con-
stants are stated as deployment-class intensive but are certified empirically per epoch rather than
derived structurally: the gap-growth rate pg,, ((C11), Audit 7), the post-partition counterparty car-
dinality NV ((COAL)), the exposure-rate cap Amax ((C7.RATE), Audit 4), the channel-multiplicity
bound K, ((C5.MULT)), and the embedding bi-Lipschitz constants (L, L) for non-isometric ¢
((EMB)). Each closes the proof under re-certification at the deployment’s current | P|, but each also
admits a structural formulation that converts the per-epoch obligation into a design-time policy
commitment with auditable structural content. We give the formal commitment for each below; the
substance is deployment-discipline machinery, not new theorem proof.
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Capability-scaled rate-limit policy (CSRL). Fix a deployment-class envelope of capability magni-
tudes [|P|o, | P|1] and a deployment-class threat model. A CSRL is a rate-limit infrastructure de-
signed against that threat model such that the induced gap-growth rate pgap,(|P|) remains bounded
by a deployment-class constant py,ax for all |P| in the envelope, and the infrastructure’s determin-
istic action-rate cap satisfies Amax(|P|) < Af .. for a deployment-class constant A .. CSRL is
a design commitment, not an algebraic identity: rate-limit infrastructure is the mechanism, ppyax
and M}, are the deployment-class envelopes, and the relationship between them is mediated by the
deployment’s threat model rather than by a closed-form formula. (C11) and (C7.RATE) hold struc-
turally under CSRL because pgap < pmax and Amax < A, are deployment-class constants by the
policy’s design. Trade-off: tighter rate limits (lower A} .. ) buy a smaller induced pp,,x but constrain
throughput; the deployment chooses the 100sest (Pmax, Aoy ) Pair its threat model permits. The au-
dit shifts from “re-certify pgap, Amax €ach epoch” to “confirm the rate-limit infrastructure remains

within design envelope and the induced pg,, stays below pax.”

Channel-cardinality discipline. (C5.MULT) fixes the channel-multiplicity bound K, and the per-
channel multinomial cardinality K gﬁ“m before deployment. The channel-cardinality discipline is
the corresponding design commitment: K, and K" are chosen at design time and are not mod-
ified during deployment. New capabilities introduced as |P| grows are absorbed into the existing
Ky, channels — typically via the multinomial concentration channels admitting new fine-grained
event categories within the existing K" budget, with the projection-map structure preserved per
[Lasser, 2026bl §6]’s structural-projection audit. The discipline therefore preserves (C5.MULT)
literally: no adaptive channel creation, no per-| P| growth in the cardinality bound, no SPRT family-
wise re-allocation. The audit verifies the new-capability — existing-channel routing is in force and
the projection-map structure is preserved.

Counterparty-onboarding policy. (COAL)’s clause (ii) fixes a post-partition cardinality bound
N < Npax. The counterparty-onboarding policy makes this a durable commitment: the deploy-
ment’s governance refuses onboarding that would push the post-partition N above Np,.x (forcing
further coalition partitioning under (COAL) audit, or refusing the new counterparty, or restricting
the deployment’s scope). Audit cadence shifts from “re-discover N to “confirm onboarding-policy
compliance.” This is the simplest of the four: no formal-statement gap, only a deployment-policy
template that turns a per-epoch quantity into a long-running invariant.

Embedding-class restriction. Let Cy be a deployment-class family of utility representations such

that f9r every U € C, there exists an embedding ¢ : Wity — V bi-Lipschitz on pact
with L/L < Lf;lax for a deployment-class constant; here Vyiity is the already-scalarized utility

codomain, not the original multi-coordinate decision space. Concrete admissible classes include:
(i) linear scalarizations U(c) = ) . w;c; with bounded weight ratios, where ¢ is the identity

on Vytitity and L%, = 1; (ii) monotone piecewise-linear utilities on bounded-cardinality break-
point sets, with L __ bounded by the maximum slope ratio across pieces; (iii) compositional forms

max
U= f(q1,---,9gxr) where each g; is a named decision-variable functional and f is bi-Lipschitz with
audit-bounded constants. The deployment commits at design time to U € Cg; the audit verifies (a)
the chosen C, admits the bi-Lipschitz ¢ structurally, (b) the deployment’s U is in Cy, and (c) the

bi-Lipschitz constants for the chosen (U, ¢) pair are within L%, . Deployments using opaque or

learned utility representations outside Cy fall outside Theorem 1’s scope by design rather than by
audit finding.

The four commitments above are formal: each names the deployment-class object the policy com-
mits to, the constraint the policy enforces, and the audit content that verifies ongoing compliance.
None of the four introduces | P|-dependent variation in pgap, Amax, Kch, Or L?;lax: each commitment
binds these to deployment-class constants by design. Adopting them therefore shifts the deployment
discipline from per-epoch re-discovery to design-time structural commitment without enlarging the
proof of the main theorem; the audit reduces to compliance verification rather than re-certification of
values that might have shifted. The intensivity property of the bound becomes a structural property

of the deployment-side machinery.
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10.3 Connection to the alignment-research program

This paper sits in the Goal-Frontier Maximization sequence (§1.4) as the deployment-side closure
of the machinery developed across the prior GFM sequence. Three structural relationships to the
broader alignment-research program:

Inverting capability estimation. Standard alignment-safety paradigms place capability estima-
tion at the center: predict what the system can do, then bound the consequences. This paper inverts
this: name what the deployment can operationally measure, prove that the bound holds under those
measurements regardless of underlying capability. The operational invariants are upstream of capa-
bility estimation; the safety guarantee follows from the regime, not from estimation accuracy.

This inversion is structurally available because the GFM machinery (the prior GFM sequence) pro-
vides intensiye bpunds on the source-paper quan.ti.ties.(rext, pfﬁﬁfs, Blower, HHI, .srg’ggms).. This
paper’s contribution is showing that their composition is also intensive — a non-trivial claim that
required substantive new content (the eleven invariants, the Lemma 5 family, the cooperative-

anchoring property).

The cooperative-anchoring stabilizing cascade. §6.2 establishes that under (C4), optimization
pressure on cooperative outputs is locally rational toward preserving the substrate-exclusive ver-
ification layer. This is [Lasser, [2026h, Phase Redundancy]’s stabilizing cascade extended to the
substrate level: the verification infrastructure is not merely defended against optimization pressure
but is reinforced by it under proper substrate identification.

The stabilizing cascade is conditional on (C4), basin entry, and the eleven invariants. We do not
claim alignment pressure is universally reversed; we claim that the deployment dynamics admit a
defensible attractor where preservation is locally rational. The mirror destabilizing cascade (§6.9)) is
a real failure mode that operators must guard against.

Inner alignment as conditioning, not solution. This paper does not solve the inner-alignment
problem. Condition (C4) is conditioned, not discharged: the agent’s effective objective must realize
causally-grounded cooperative-outcome value, and vanilla RLHF does not deliver this. Achieving
(C4) requires training-time discipline (delayed outcome feedback, adversarial fake-verification ex-
amples, process supervision tied to real attestations). These are research directions in their own
right.

Operators using deployments that meet (C4) can invoke this paper’s theorem; operators using de-
ployments that do not meet (C4) cannot. The deployment claim does not produce safety where (C4)
fails; it produces safety where (C4) holds.

10.4 Positioning relative to existing safety proposals

contrasted this paper’s approach with three paradigms (capability evaluations, scaling laws,
RLHF audits) at the framing level. The deployment-safety literature also contains several formal
and semi-formal safety proposals that share structural features with the cooperative-anchoring ar-
chitecture. Brief positioning:

Constitutional AI [Bai et al.,[2022]]. Constitutional Al uses a written constitution as a high-level
training-objective specification, with self-critique against the constitution shaping the agent’s effec-
tive objective. The overlap with this paper’s (C4) is conceptual: both target the agent’s effective
objective rather than just behavioral compliance. The difference is that constitutional Al specifies
what the agent should value (the constitution), while (C4) specifies a structural property the effec-
tive objective must have (causal grounding in cooperative production rather than verification-pass
signals). A constitutional-Al deployment that constitutionally values cooperative outputs causally
(not merely their pass-signals) could satisfy (C4); whether existing constitutional approaches deliver
this causal-grounding property is the same open question §6.4] flagged for vanilla RLHF.

Debate, iterated amplification, and scalable oversight [Irving et al., 2018, |Christiano et al.,
2018, Bowman et al., 2022]]. These proposals all address the human-audit-bandwidth bottle-
neck that this paper formalizes via ;1 (latency bounds) and that drives the cooperative-anchoring
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asymmetric-capture residual. Debate is structurally a multi-substrate proposal: two Al substrates
with opposing positions, adjudicated by a human substrate. This pattern overlaps with this paper’s
tripartite identification, but the debate framework treats Al-vs-Al disagreement as the safety mech-
anism rather than substrate distinctness as a structural property. Iterated amplification and scalable
oversight propose recursive auditing patterns that could in principle satisfy 77 at scale, but their for-
mal guarantees are weaker than the conditional theorem this paper provides. The relationship is that
scalable-oversight protocols could be the operational machinery by which a deployment satisfies
I,4; this paper would then bound the deployment safety conditional on that satisfaction.

Formal verification of neural network properties [Katz et al., 2017, Ehlers} 2017, Wang et al.,
2021]. Formal NN-property verification produces certified bounds on specific input-output rela-
tionships of neural networks. This is complementary to, not competing with, the deployment-safety
theorem: NN-property verification certifies properties of the agent at the model level (input — out-
put behaviors); this paper certifies properties of the agent’s deployment context (substrate structure,
witness coverage, invariant satisfaction) and bounds Goodhart slack against the alignment prop-
erty. A deployment combining model-level certification (formal verification of specific input-output
bounds) with deployment-level certification (Theorem 1 invocation) provides stronger guarantees
than either alone. Model-level certification does not, however, substitute for the /3—Ig operational
invariants this paper requires: even a fully-verified model can fail (C4) if its effective objective tracks
verification-pass signals rather than causally-grounded cooperative outcomes.

What this paper adds. The novel contribution beyond these is the capability-magnitude-
independent bound: an intensive constant on Goodhart slack that does not scale with | P|. The exist-
ing safety proposals all have implicit capability-dependence in their guarantees (debate effectiveness
depends on debater capability; amplification depth grows with task complexity; scalable-oversight
bandwidth grows with output volume; NN-property verification scales poorly with network size).
The composition this paper establishes shows that under named operational conditions, a sweeping
capability-independent bound is achievable — not by solving the inner-alignment problem, but by
structuring the deployment so that the alignment property’s failure mode is bounded by substrate-
structural quantities rather than by capability-estimation properties.

10.5 Open questions deferred to follow-up work

One structural item remains as a natural follow-up target beyond the scope discharged by [Lasser,
2026b|:

The channel-mediation conjecture. “All Arjy realizes through observable channels: subsump-
tion, redundancy loss, production concentration, trade-flow concentration, yielding a structural
bound Arg < Ly -HHI+ L, - Ap+ ...” If proved, this conjecture would close the channel-
orthogonal residual (R1): strategies that achieve Argx > 7o without producing any of the four
monitored channel deviations would be impossible. The current paper acknowledges R1 as a real
residual; a follow-up paper would establish whether R1 is empty or genuinely contains undetectable
strategies.

This open question is independent of the deployment claim’s binding: the deployment claim binds
under the companion-paper structural conditions plus operational invariants and conditions. Clos-
ing it would tighten the deployment claim’s hypothesis set further but is not required for current
operational use.

10.6 Open questions deferred indefinitely

Five items are not this paper’s scope and require their own research programs:

The universal Concentration-Gap conjecture. [Lasser, [2026e, Microfoundation]’s universal
model-free Concentration-Gap conjecture (optimization pressure correlates with proxy-truth gap
exploitation in any deployment context) remains open beyond the scoped discharge of [Lasser,
2026b]. [Lasser, [2026b, Theorem 2] proves the conjecture under (REP) + (DISP) + (COAL) +
(EMB) plus the embedded-Lipschitz machinery of [Lasser, [2026e, Microfoundation]; a universal
proof would require a formal optimizer/selection model that the current GFM machinery does not
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provide. Candidate frameworks include the mesa-optimization work [Hubinger et al.|[2019] and the
formal-Goodhart machinery [EI-Mhamdi and Hoang| |2024] Majka and El-Mhamdi, |2025]], none of
which yields a full proof on their own. This is a research-program target whose closure is not on the
deployment claim’s critical path: the scoped discharge is sufficient for current operational use, and
the auditable structural conditions characterize precisely where the deployment claim does bind.

The welfare-truth bridge. Stance SO takes operational truth 7' = volg ™! as the deployment
claim’s reference. The relationship between operational truth and welfare-relevant truth (73 e1fare, in
the sense of broader human flourishing) is not addressed. [Lasser}[2026e, Microfoundation]’s remark
on Goodhart-type T'-failure-modes establishes that the operational and welfare-relevant truths can
diverge; bridging them is its own research program.

The monolithic-agent action-partition refinement. 75 (subsumption frequency) and /5 (HHI on
trade flow) presuppose a clean partition of the agent’s action space. Monolithic LLM-style agents
without explicit subsumption operators may not satisfy this. Extending the deployment claim to
monolithic agents requires either action-space-partition machinery (defining what “subsumption”
and “trade flow” mean for a monolithic agent’s output stream) or alternative invariants that cover the
same structural roles.

Trusted-setup details for Pedersen commitments. This paper’s verification infrastructure inher-
its [Lasser, 2026al Exogenous Verification]’s Pedersen-commitment machinery, which requires a
trusted setup. The trusted-setup ceremony’s security relies on at least one honest participant; de-
ployments where all participants are compromised invalidate the commitment scheme. This is a
real operational risk that the deployment-tooling specification flags but does not solve. Independent
work on cryptographic primitives that don’t require trusted setup (or have weaker trust assumptions)
is the relevant research direction.

Empirical threshold calibration. The thresholds (64, ...,61) in the operational invariants are
policy choices. This paper commits to a methodology (deployment-specific calibration via the
deployment-tooling specification) but does not fix specific numerical values. Real deployments will
need to choose thresholds based on the deployment’s specific threat model, capability profile, and
operational constraints. Empirical work on threshold calibration in real deployments is a substantial
follow-on.

10.7 The structural significance of this paper’s contribution

We close with three observations on what this paper contributes to the alignment-research program.

Existence of a provably safe regime. Theorem 1 establishes that the regime is non-empty: un-
der the named conditions, there exist deployments for which the deployment-safety bound binds.
Scenario 1 of §0.1] shows what such a deployment looks like operationally. The conditions are
non-trivial, but they are operationally achievable.

Capability-magnitude independence as the structural inversion. The intensivity property of
the bound is the structural inversion of capability-estimation-centered safety. Once capability esti-
mation is no longer load-bearing, the deployment-safety guarantee scales past any capability level.
The inversion is available because the GFM machinery’s intensive bounds compose to intensive
bounds; without the GFM machinery, the inversion does not work.

The conditional theorem as the appropriate structural shape. The argument that conditional
theorems with named conditions are less valuable than unconditional theorems mistakes the na-
ture of safety claims. Unconditional safety claims under realistic assumptions about capability-
unbounded systems are not available; conditional safety claims with operationally checkable condi-
tions are. This paper’s contribution is to demonstrate that the conditional-theorem structure produces
a defensible deployment claim, not just an academic exercise.

The deployment-safety guarantee is conditional, but each condition is named, ledger-observable,
and operationally implementable. The residuals are explicit. The empirical assumptions are testable.
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This is the structural shape we believe deployment-safety claims must take in the era of capability-
unbounded systems — not because weaker claims are aesthetically preferable, but because they are
the strongest defensible claims the structural apparatus supports.
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A Detailed proofs

This appendix collects the detailed proofs of lemmas whose inline statements in §4]are accompanied
by proof outlines. The appendix proofs are self-contained.

A.1 Proof of Lemma 1 (Intensive composition under co-evolution)

Statement (restated, generic form). Let X be a non-residual gap quantity (€.g., £5,0"C0 nposed>
the composed non-residual gap under co-evolution; or f(égate) after Lemma s substitution). The

composition rule
B = Lip(g) - (X + X efioor)

where A € [0, 1] is the residual weight and Lip(g) is the Lipschitz constant of the alignment property
g, is intensive in | P| over a deployment class D provided X, e , and Lip(g) are each intensive
in |P| over D, and the co-evolution correction terms in the structure of X are bounded by condi-
tion (C7) (bounded co-evolution), now derived as a corollary in [Lasser, [2026b, Theorem 1] from
(C5.HOEFF), (C7.RATE), and the verification protocol’s channel-projection structure.

Proof. We work over a deployment class D characterized by fixed operational parameters (threat
model, training-discipline regime, verification infrastructure, governance protocol). The operational
parameters are fixed before | P| is varied; they may not include arbitrary state-dependent quantities
chosen to absorb the bound.

Step 1 (per-capability admissibility). Under condition (C8) of Theorem I](per-capability admissibil-
ity, inherited from [Lasser, 2026e, Microfoundation]’s Assumption 1), for every capability ¢ € Pt
in the operationally active subspace, the per-capability proxy-truth gap is allocated a ceiling ., and

each channel j € {1,2,3,4} receives a disjoint sub-share ng 7 of the ceiling, with Z /@&J ) < Ke

Step 2 (per-channel sup-norm bridge). Define the per-channel non-residual gap as the sup-norm of
the channel-j contributions across capabilities:

nonres

€gap,(7)

:= sup (channel-j contribution to |T'(c) — P(c)|).
ce P'dct

By the disjoint sub-share allocation,

pores < sup k) =1 K,

cepact

€

where K; depends on D’s operational parameters (specifically, the verification-infrastructure thresh-
olds that set the channel sub-share ceilings) but is independent of | P|. The disjoint structure prevents
double-counting across channels.

Step 3 (composed non-residual gap under co-evolution). Under the co-evolution regime, [Lasser,
2026e, Microfoundation]’s Composition Proposition (in the lineage section) establishes exact com-
position of the four channels in the sequential-intervention regime, with simultaneous co-evolution
introducing positive-part correction terms:

nonres < § gnonres +( nonres )
gap,composed — gap,(]) gap7coev +-

j€{1,2,3,4}

e

The source paper leaves the formal characterization of (egop'coey )+ as open work; Paper 10 closes

the gap via condition (C7) (bounded co-evolution), now derived as a corollary in [Lasser, 2026b),
Theorem 1].

Step 4 (bounded co-evolution). By condition (C7) and [Lasser, 2026b, Theorem 1], there exists
M > 0 depending on D’s operational parameters but independent of | P|, such that the maximum
per-channel coupling magnitude satisfies M (deployment) < M for all valid deployment states.
Combined with the structural co-evolution constant K .., > 0:
(snonres )+ S Kcoev . M K/

gap,coev coev*

K/, is independent of | P|.

coev
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Step 5 (bounded composed non-residual gap). Combining Steps 2—4:

nonres ! .
€gap,composed < Z Kj =+ Kcoev =: Khonres-
J

For the generic form, set X < K x where K x is the corresponding | P|-independent constant (e.g.,
Kx = Kyonres for X = gnonres or Kx = f(€safe) for X = f(€sato) after Lemma .

gap,composed’®

Step 6 (residual floor). By the gap-decomposition structure of [Lasser,|2026e, Microfoundation], the
residual floor satisfies eff> = = volg (ResS)/volg (P) € [0, 1] under finite positive volg (P), with
Kiooor < 1 uniformly.

Step 7 (composed slack term). Define the composed slack term
X + A 5{1:1%50r S KX + A Kﬂoor S KX +Kﬁoor = Kslack'
Kack is independent of | P|. This is the central result: the composed slack term itself is intensive.

Step 8 (Lipschitz multiplication). Under condition (C6) of Theoremﬂ] (bounded-Lipschitz alignment
property), Lip(g) < Ktip over D. Therefore:

B = Lip(9) - (X + X efioer) < Kiip - Kgack =: C™.

floor/ =

C* is the product of | P|-independent constants and is therefore | P|-independent over D.
By Deﬁnition(intensive in | P| over D), B is intensive over D. [ ]

Discussion of constants. The proof produces C* = Ky, - (Kx + Kpoor), where for X =

nonres — . U o 1 1 .
Egap.composed We have Kx = > ; K + Kloey- Bach constant has an operational interpretation:

* Ki,ip: bounded Lipschitz constant of g (deployment-policy-derived; condition (C6) of The-
orem T).

* K for j € {1,2,3,4}: per-channel admissibility ceilings (source/admissibility-derived,
conditional on per-capability admissibility (C8) and channel sub-share allocation).

* Kcoev: structural constant for the co-evolution dynamics (newly assumed; not derived from
a source-paper proposition).

 M: uniform bound on per-channel coupling magnitudes (newly assumed; condition (C7)
of Theorem [I] the bounded co-evolution assumption).

* Kaoor < 1: residual share bound (source-derived by ratio, assuming finite positive
VOIR(P ))

The deployment-tooling specification of §8 must include calibration hooks for the newly-assumed
constants Ky, and M before claiming the deployment class verifies (C7). The other constants
inherit calibration from the source-paper machinery and the deployment’s policy choices.

A.2 Proof of Lemma 2 (Lyapunov-Goodhart bridge)

Statement (restated). Under conditions (C9.BD) bounded per-capability dimension count, (C9.CL)
coordinate-Lipschitz parameterization, (C9.WB) safety-relevant subspace with weight floor, and
(C9.TF) truth floor of Theorem and under invariants /7 and I3 (which together imply I5):

i s L No e
LW,) < e == 80 < flegape) = Tmax max " Cafe
min Wmin
where €520 = sup.¢ pact | P(c) — T'(c)|/T(c) is [Lasser, 2026€, Microfoundation]’s relative sup-

norm gap on the operationally active subspace P*** = {¢ € P\ ResS : T'(¢) > 0}.

Proof. We work over the deployment class D satisfying conditions (C9.BD), (C9.CL), (C9.WB),
and (C9.TF) throughout.
Step 1 (per-capability absolute gap). By (C9.CL), for every capability ¢ € Pa°t:

[P()=T()| < Y Lok lexl-

kedim(c)
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Step 2 (weighted-dual-norm Cauchy-Schwarz). Apply Cauchy-Schwarz with weights a; =
Lex/+/wr, and by, = /w|ex| for k € dim(c):

Z L glex] < Z

2
Lc,k 2
. E kak.
- - Wi -
kedim(c) kedim(c) kedim(c)

Since dim(c) C S (the safety-relevant coordinate set) and the Lyapunov function L =}, _ o wy, €
extends over .S with strictly positive weights (C9.WB inherited from [Lasser} 2026h, Phase Redun-

dancy]), the second factor is bounded by v/L:

Z kaz § Zwkei = L.

kedim(c) keS

Step 3 (closed-form via Liax, Wmin, Nmax ). For the appendix-friendly closed form, bound the dual-
norm factor by deployment-class-uniform constants:
L L2 L2, - N,
Z ¢,k < max |d1m(c)| < max max ,

W Wi Wini
kedim(c) k min min

using L j < Lyax, Wi > Wmin for k € S (both deployment-class constants), and |dim(c)| < Npax
by (C9.BD).

Step 4 (sup over P**). Combining Steps 1-3:
Nmax <L
sup |P(c) = T(¢)] < Lmaxy/——.

ce pact Wmin

Step 5 (apply truth floor for relative sup-norm). By (C9.TF), T(¢) > Tin > 0 for all ¢ € P3¢,
Therefore |P(c) — T'(c)|/T(c) < |P(¢) — T(c)|/Tmin, and:
nonres

€ _ |P(C) — T(C)‘ < Lmax Nmax -L
sap B cE Pact T(C) o T'min Wmin '

Step 6 (apply Lyapunov bound). Under invariants I, I3, [Lasser, [2026h, Phase Redundancy]’s con-
traction analysis gives L(W;) < €sate in the self-correcting basin. Substituting:

nonres Lmax Nmax ‘ €safe O
gap T . Wors - f(esafe)~
min min

Tighter heterogeneous form. The closed-form bound uses uniform constants Ly ax, Wiin; the
underlying weighted-dual-norm bound (Step 2) is sharper when deployment-specific sensitivities
are heterogeneous:

nonres

gap = Sub

ce pact T(C)

With a finite Ty,ax = sup,T'(c), the looseness of the closed form is bounded by approximately
Tinax/Tmin; Without a truth ceiling, the looseness is not uniformly bounded but the closed form
remains a correct upper bound. Operators may use the heterogeneous form for deployment-specific
calibration.

Discussion of constants.
* €safe: Source-derived from [Lasser]2026h, Phase Redundancy]’s policy-correctness thresh-
old.

* Wmin: Source-inherited and deployment-policy-set. PR’s Lyapunov weights are w; > 0 on
the safety-relevant subspace S’; the floor wy,;, = mingeg wy > 01is set by the deployment’s
safety-relevance weighting.

* Nmax: deployment-policy-derived (C9.BD).
* Liax, Le it deployment-policy-derived (C9.CL).
* Thin: deployment-policy-derived and deployment-verified (C9.TF).
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A.3 Proof of Lemma 4 (SPRT lead-time tail bound)

Statement (restated). Let Tyetect be the SPRT detection time (in SPRT exposure-event count) for
a violation producing post-clipping LLR drift § > 0 under the alternative distribution. Then for
t > A/d, where A = log((1 — /5)/a) is the SPRT threshold:

2(t6 — A)?
tRE ’

with Ry = b — a = 2B the Hoeffding range width of the clipped LLR (per (C5.HOEFF)). Asymp-
totically, in the regime t§ > A:

Pr[Tyctect > t] < exp (—

Pr[Tdetect > t] < exp(—fé “t- 5)7

with k = 26/ R%I. The wall-clock-to-event-count comparison (lead-time-before-cascade) is com-
posed in Lemmal|f] via (C11.CLK), not in this lemma.

Proof. |Lasser} 2026al, Exogenous Verification]’s behavioral consistency monitor produces a run-
ning log-likelihood ratio
t
At = Z Xiv
i=1

where X; = log(p1(x;)/po(z;)) is the per-step log-likelihood ratio, pg is the baseline distribution,
and p; is the chosen alternative. Under the alternative (¢ = p1), the per-step expected drift is

E,, [Xi] = Dkw(p1 || po) =6 > 0.
Detection occurs when A first crosses upper threshold A: Tyetect = inf{t : Ay > A}.

Mean bound (Wald’s identity). By Wald’s identity [Waldl |1947] for the SPRT ([Lasser, 2026a,
Proposition: Behavioral Monitoring Detection Rate]):

EPl [,Tdetect] ~ A/5
This is the mean bound; we need a tail bound.

Tail bound (Hoeffding). Assume X; takes values in a bounded interval [a, b] (which holds under
[Lasser, |2026a, Exogenous Verification]’s least-favorable-distribution discipline, where the per-step
log-likelihood ratio is bounded by the choice of pg,p; pair). Set R = b — a. By Hoeffding’s
inequality [Hoeffding|[1963||Azuma, [1967] (applied via the martingale-difference form for adapted
increments):

Pr[A; < t§ — s] < exp(—2s?/(tR?)) fors > 0.

D1

The event {Tyetect > t} is the event {A; < Aforall s < t}. A necessary condition for this is
A; < A (the LLR has not yet crossed the threshold at time t); the joint event implies the marginal-
time event. Therefore:

Pr[Tyetect > t] < Pr[As < A] = Pr[A; < td — (t6 — A)].
b1 p1 p1

The inequality goes the right way precisely because we relax to a necessary condition: the joint-
event probability is at most the marginal-event probability. For ¢ > A/§, sets = t6 — A > 0:

Pr[Tyetect > t] < exp(—2(t6 — A)?/(tR?)).

p1
Asymptotic form. In the regime t6 > A (event- count exposure long relative to mean detection
threshold-crossing), t6 — A ~ t4, so:
Pr[Tactees > 1] < exp(—2t6%/R?*) =: exp(—k-t-0d),
p1
with k = 2§/ R? (a sub-Gaussian-like rate constant). This is the form Lemma@ inverts (Substeps

5a-5e of Appendix[A.8)) to derive the high-probability detection quantile Tjs in SPRT exposure-event
count.

Note on cascade-clock composition. Lemma [d]itself is stated in the SPRT exposure-event clock .
The lead-time-before-cascade guarantee — comparing 7 ijetect against wall-clock cascade time — is
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composed in Lemma [6] (Appendix [A.8) via (C11.CLK)’s event-count floor Neascade, clock-failure
probability S.jx, and calibration-uncertainty S.,;. This separates the SPRT-step tail (an event-count
statement) from the cascade-clock event (a wall-clock-to-event-count comparison) cleanly.

Caveat on [Lasser} 2026h, Phase Redundancy]’s scaling form. [Lasser, 2026h, Phase Redun-
dancy] states Tieta =, C/Ik as a scaling law, not a theorem-level bound. Lemma E]’s composition
handles this via (C11.CLK)’s deterministic event-count floor and the named failure probabilities,
rather than treating 7T,,e¢, as a hard inequality. Deployments where the scaling does not hold tightly
require larger S.jx or Sca) to absorb the slack. [ |

A.4 Proof of Lemma 5a (Substrate floor)

Statement (restated). Under invariant I (m;}d(’p > m* > 3), condition (C10) of Theorem
(per-pair cooperative-novelty rate floor with superposition; comprising sub-clauses (C10.CN) het-
erogeneous per-pair rate floors p;; > pg > 0 on audited subset S, of m™* substrates, and (C10.SU)
pairwise channel superposition: disjoint attribution + non-rivalrous production + joint-deployment
intensities):

%
Text > T*(m*) = po- (n; ) > 0.

Pairwise cooperative channels. For audited subset S, C S with |S.| = m*, the pairwise coop-
erative channel C*:*3) for i < j contains cooperatives with exact two-substrate causally-necessary
participation: cooperatives whose production requires participants from s; and s; but not from any
other substrate. Auxiliary participants whose role is post-production (e.g., a Formal-Operational ver-
ifier attesting to a Human-Al cooperative output) do not change the channel classification; auxiliary
participants whose role is causally necessary for production (e.g., Formal-Operational rule-execution
that the output depends on) move the cooperative to the appropriate higher-order channel.

Standing measure conventions. Throughout this proof:

* S, is an audit-time-certified subset, fixed for the deployment window/epoch. Re-auditing
across epochs is allowed per Audit 6 of §8.2} the bound applies per epoch or as the infimum
across the deployment window.

* Pairwise cooperative event classes are measurable subsets of P?°*. Per-pair rates p;; are
measured over a common time/normalization window matching rex¢’s definition in [Lasser,
2026d, Horizon Aware].

* rext 1S treated as an additive nonnegative rate/measure over disjoint event classes.

* Higher-order cooperative contributions are nonnegative.

Proof. We work over deployment class D satisfying I and (C10).

Step 1 (substrate audit). By I, mg&dep > m* substrates with joint failure-correlation independence.

By (C10), audited subset S, with |S,| = m* is certified for the deployment window.

Step 2 (combinatorial pairwise channels). The number of unordered pairs in S, is (";) Each pair
(si, ;) with ¢ < j has channel C (si:5i) with exact two-substrate support.

Step 3 (per-pair rate from C10.CN). Each pair satisfies réj;ts’ ) > pij > po > 0 where py =
min;<;es, pij- By the joint-deployment- intensity sub-clause (within (C10.CN)’s calibration clause
and (C10.SU)(3)), p;; measures the per-pair rate as realized in the actual deployment, not under
counterfactual isolation.

Step 4 (additivity from C10.SU). By (C10.SU)(1) (disjoint attribution; preserved by exact-two-
substrate support), the pairwise channels are pairwise disjoint event classes. By (C10.SU)(2) (non-
rivalrous production), simultaneous production across pairs does not reduce any individual rate.
Therefore the pairwise rates sum:

*
pairwise | __ (si,85) m
Text = E : Text > ( 2 " Po-

1<jES«
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Step 5 (lower bound on rey). Total reyy is the nonnegative additive measure over all cooperative
event classes, including pairwise plus higher-order. Higher-order contributions are nonnegative by
convention, So:

> pairwise > m* _ *
Text Z Text = 9 Po = r*(m )

Step 6 (intensivity over D). py is a deployment-class constant (C10.CN, calibrated per epoch). m*
is the I4 threshold, deployment-class. Therefore r,(m*) is independent of | P| over D. O |

Discussion of constants.

o m*: deployment-policy-derived threshold from I.

* pij;: per-pair calibrated rates (C10.CN); measured in joint deployment via Audit 6.
* po = Min,;<jeg, pi;: derived from p;; via the audited-subset minimum.

o S.: audit-time certified subset, may be re-audited across epochs.

On scope and tightness. The pairwise-only bound is conservative: higher-order cooperatives con-

tribute additionally to r.y;. Operators may calibrate higher-order rates p(()k) for tighter bounds, giving

Text = D pék) ("}ﬂ) The lemma’s pairwise floor suffices to make Layer 1’s safe region non-trivial
under any deployment-class pg > 0.

On (C10.SU) vs. (C2) joint failure-correlation independence. Ig’s joint failure-correlation in-
dependence excludes shared adversarial shock mechanisms: a single shock cannot span multiple
substrates. (C10.SU) excludes shared cooperative production bottlenecks: producing cooperatives
in one pairwise channel does not consume resources that would otherwise contribute to another.
These are structurally independent conditions; (C10.SU) is new content beyond Ig, surfaced as a
deployment-class assumption.

A.5 Proof of Lemma 5b (Channel-restricted detection KL floor)

Statement (restated). For any ¢ € A,q, (regime-(iii) strategy producing at least one monitored
four-channel deviation), Dk1,(q || po) > daqv > 0.

Proof. We construct d,4, as the minimum over four channel-specific KL floors, each derived from
a least-favorable adversarial distribution within its channel’s monitored class.

Channel 1 (Poisson cooperative-output rate). Cross-substrate cooperative events under stance SO
are observable as ledger entries with Poisson arrival rate \g in the no-adversary baseline. Suppose
the adversarial strategy reduces the rate to at most Ao — 7; for some 7, € (0, Ao).

The Poisson KL divergence between rate-A; and rate-\g processes per unit time is:
DKL(POi()\l) H POI(/\())) = )\1 IOg(/\l/)\o) - )\1 + )\0.

This is a convex function of Aj, increasing in |A; — Ao|. The least-favorable choice within the
constraint Ay < A\g — 11 18 Ay = A\g — 11, giving:

)\ _
01 = ()\o—nl)log 0)\0771 —(/\0—?71)+)\0.

Channel 2 (Bernoulli attestation share). Per-claim attestation success is Bernoulli with probability
po in the baseline. Suppose adversarial strategy reduces it to at most py — 12. Bernoulli KL:

1—po+m

1 —po + 12) log 1—po

5y = (po— ) logPe—"2 4 (
Po

Channels 3, 4 (multinomial concentration). For multinomial distributions over capability partitions,
the KL is
Dxv(qllpo) = Z q:10g(i/po,i)-
i

For 03 and d,4 to be strictly positive deployment- class constants, we require:
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* Fixed finite categories. The multinomial partitions for Channels 3 and 4 are fixed before
deployment with bounded cardinality K3, K < K, éﬁ“lti, where K C‘{‘l“l“ is a deployment-
class constant ((C5.MULT) applied to the agent-side multinomial channels). Categories
cannot be added during deployment.

 Baseline mass floor. Every category ¢ has pg ; > €cny > 0, with €.y, a deployment-class
regularization constant ((C5.SUPP) extended for agent-side multinomials, mirroring the
environment-side support conventions). Without the mass floor the least-favorable pertur-
bation can drive d3, 04 — 0 via a vanishing-baseline-mass cell.

Under these conditions, the constraint that at least one component shifts by 73 (or 74) yields a least-
favorable choice that concentrates the perturbation on the component with smallest baseline mass.
The KL floor d3 (or d4) is the infimum over feasible g subject to the shift constraint and the support
floor, and is strictly positive.

Floor.
5adv = min{él, (52, 53, (54} > 0.

Each §. > 0 since each channel’s least-favorable shift is strictly different from the baseline under
the stated support conditions; the minimum is therefore strictly positive.

Caveat on the channel-orthogonal residual. Strategies outside A,4, — those producing no shift
in any of the four monitored channels — have Dk, (¢ || po) = 0 on the monitored observables and
are not detected. This is the named gap acknowledged in Layer 3 of Theorem|[I] ]

A.6 Proof of Lemma 5c (Minimax static tightening), single-shock case

Statement (restated, single-shock case). Under invariants I (m;‘;fdep > m* > 3) and the
balanced-loss condition maxs ay < 1/m* 4 € (with g the counterfactual shock-loss fraction of
Definition [T4), and restricted to the substrate-targeting cooperative-overlap regime, the diversity
strategy strictly dominates the domination strategy whenever:

A”1K < Text + (]- - ’Y) (Adiv - AO)7

with
Aaiv = volp - (€5 — £5) - E[y™).

Proof. The proof composes [Lasser, 2026d, Horizon Aware]’s strategy-dependent corollary with a
substrate-targeting shock model and the balanced-loss condition.

Step 1 (shock model). A substrate-targeting shock at random time 7,4, eliminates one substrate
s from the coalition’s capability poset. The post-shock volp is volp(G%®). The counterfactual
shock-loss fraction (Definition [T4)) is:

VOlp (GK) — VO]P (GI_(‘S)

s(Gr) = volp (G x)

Step 2 (worst-case adversarial targeting). Under adversarial targeting, the shock hits the substrate
with maximum «,. The dominator’s worst-case loss fraction is £5**; the diversity strategy’s worst-
case loss fraction is /2% = max, as(GRY).

Step 3 (balanced-loss condition). Under the balanced-loss invariant maxs oy < 1/m* + ¢, the
diversity strategy’s worst-case loss fraction satisfies

0 < 1 m* e,

Under full failure-correlated single-substrate domination, £5** = 1 (the dominator’s entire volp
is supported on a single substrate, so the worst-case shock removes everything). For partial domina-
tion, £H** < 1.

Step 4 (substrate-diversification value advantage). The discounted expected difference in surviving
volp between strategies at shock time T4y is:

] - (volo (1 = G%) = volo (1 = 65)) = voloc - (5™ = () - B ).
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This is Ag;y (Equation . The expectation operator is E[vTﬂdV], not 'yE[Tadvl; [Lasser, [2026d, Hori-
zon Aware]’s risk section explicitly warns about the conflation ([Lasser, [2026d, Definition: Concen-
tration Risk]).

Step 5 (composing with linearized form). [Lasser, |2026d, Horizon Aware]’s strategy-dependent
corollary ([Lasser, [2026d} Corollary: Strategy-Dependent Internal Rate]) gives:

Text — A7’K
1—v

Adding the substrate-survival advantage Ag;, (which is realized on the shock-survival sub-
trajectory):

Vvdiv _ V'yD _ _ AO-

. Text — ATK
V}ydw,mm _ V’YDJTHH — % — Ap + Agiv-

Diversity strictly dominates when this is positive:
Text — ATk + (1 = 7)(Adiv — Ag) >0,

equivalently:
Arg < Text + (1 —7)(Adiv — Ao).

Step 6 (cooperative-overlap regime). In the cooperative-overlap regime (substrate-cooperative struc-
ture dominated by cross-substrate cooperatives), the equal-substrate analysis is conservative for ad-
vantage: cross-substrate cooperative loss is overcounted in original o relative to sequential coun-
terfactuals. This is verified in the cooperative-vs-redundancy audit (§8)); the canonical tripartite
identification passes by construction. In the redundancy-dominated regime, equal-substrate anal-
ysis is anti-conservative; sequential counterfactual derivation is required (Lemma Sc-prime, open
work).

Multi-shock extension. The single-shock result extends to multi-shock via discounted marginal
loss increments:

g = )Y (60 -6,
i=1

where 57, 6% are the per-shock marginal volp-losses for the domination and diversity strategies. In

the single-shock limit (N = 1 a.s.), this reduces to the single-shock Ag;, above. Under independent
substrate-targeting shocks at Poisson rate A, a closed-form analysis yields:

indep
. 1 K(1 — K™Mett )
It
AGTH > volpg lm— ,

indep : 1—k
Mg

with k = E[yT] = A/(A — In¥).
Removable singularity at x = 1. The closed form’s 1/(1 — &) factor has a removable singularity:

inde .
the numerator x(1 — ™ ) also vanishes at £ = 1, and AT /volp ;- — 0T via L’Hopital. The
operational regime condition is £ < 1 — d (not A < A* directly).

This paper’s main theorem (§5) uses the single-shock case as the binding inequality; the multi-shock
extension covers high-\ deployment regimes but is not required for the theorem’s substrate-targeting
safe-region claim.

A.7 Proof of Lemma 5e (Environment-side witness extension)

Statement (restated). Under invariant /g and (C12.ENV-WIT) (theorem-level condition introduced
with this lemma), Lemma 5b’s channel-restricted detection class extends to environment-side ob-

servables. For any ¢ € ASYY:

Dxi(q | pg™) = 0547 :== min 65" > 0,
V€ Veny

where 65"V is the per-variable least-favorable KL floor.
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Proof. The proof has four parts.

(a) Symmetric construction with trust model. Under (C12.ENV-WIT), each v € V,,, has a witness
substrate Seny (v) satisfying:

* (C12.PUB) V. is published and fixed before deployment activation.
* (C12.PART) Seny (v) is partition-distinct from both s(agent) and sgource(v)-

* (C12.TRUST-WRITE) S¢yy (v) is outside the adversary’s write-access domain (no tamper-
ing).

* (CI12.TRUST-CORR) Scpny(v) is outside the adversary’s failure-correlation domain (no
shared-infrastructure failure).

* (C12.SETUP) the trusted-setup ceremony has at least one honest participant (Paper 5’s
machinery transfers under this assumption).

/

* (C12.CAL) per-variable calibration: py , has support py € (€eny, 1 —€L,, ) open (Bernoulli)

~ Cenv

or A\g > €enyv > 0 (Poisson), with feasible adversarial alternative p; ,, threshold 7, > 0,
and recorded-stream map per the DPI precondition.

Paper 5’s cryptographic and ledger machinery transfers under (C12.SETUP); the trust model is
closed by (C12.TRUST-WRITE) and (C12.TRUST-CORR).

(b) Per-variable KL floor derivations. For each v; € Ve, the SPRT machinery applies on the
witness-recorded observable. The canonical four variables yield:

* V1 (Poisson cross-substrate cooperative rate r..): baseline /\(()1) > €env, adversarial
suppression to )\(()1) —n:

NOM
™ = (A =) log =i = O — )+ 27 > .
0
V5 (Bernoulli substrate-distinctness indicator £): baseline p(()z) € (€eny, 1 — €,,), ad-
versarial degradation to p(()z) — 19!
(2) (2)
env — 1- +
05 = (p§) — 1) logPl 2 4 (1 — ) + 12) log—0— 2 > 0,
@ )
Do Po

¢ V3 (Poisson adversarial-event arrival rate )\): baseline /\(()3) > €env (regularization for
the threat-model-pristine case), adversarial inflation by n3:

env (3) AP + g (3) (3)
53 = ()\O =+ 773) IOgT — ()\O + 773) + >\0 > O
0

The hard Ay = 0 case is handled by either regularization Ay > €q,y or (C5.HOEFF)
clipping fallback inherited through Lemma 6.
V4 (Bernoulli trusted-setup status o): baseline p((J4) € (1 — €ony, 1 — €,,,) near 1, adver-
sarial degradation to p(()4) — M4
(4) (4)
nv — 1- +
5™ = (p§" — ) logZ0 M 4 (1 — p 4 ) log— L0
(4) 1 —p@
Do 20

> 0.

A two-sided floor variant (when A%V includes any threshold-exceeding shift, not just degradation)

replaces §5™ with min{D(po » — 1), D(po,v + M) }-
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(¢) Marginal-to-joint KL via DPI. For any ¢ € AZYY producing a threshold-exceeding shift in some
v; € Veny, the DPI applied to the fixed witness-recording marginalization map / Markov kernel
q — qu, gives:

Dxi(qllpg™) = Dxu(qw,

The DPI precondition (fixed pre-deployment measurable witness-recording map) is satisfied for the
canonical four variables; (C12.CAL) extends it to deployment-added variables.

Pow) > 0 > 0

adv-

(d) Strict positivity. Vepy is finite by (C12.PUB); each 6" > 0 by part (b) under the support
conventions; therefore 6557 > 0. O |

Composition with Lemma 6. The post-clipping union-class drift floor d, used in Lemma @’s Ts
derivation satisfies ¢, < min(d,4v, 6233,), with the inequality accounting for any drift reduction from
(C5.HOEFF) clipping. Lemma 5e supplies 655V for the union; Lemma 5b supplies d,4y-.

The named residual (R2), refined. R2 covers manipulations satisfying both: (i) target only exoge-
nous variables outside Ve, and (ii) produce no threshold-exceeding shift in any monitored v (direct
or causal). Manipulations of unmonitored variables that causally shift a monitored v are detected
through the monitored projection; they are not R2.

Asymmetric vs. symmetric machinery. Paper 5’s agent-side substrate-exclusivity is constructed;
Paper 10 §3 specifies that environment-side substrate-exclusivity is the structural mirror, but it re-
quires the (C12.ENV-WIT) trust model and calibration because environment-side machinery is op-
erationally distinct (separate substrate partition, separate trusted-setup ceremony, separate ledger
commitments). See §8.2] Audit 8 for the calibration procedure.

A.8 Proof of Lemma 6 (hgctecy intensivity)

Statement (restated). Under Theorem [Ifs conditions (C5) continuous SPRT monitoring,
(C5.SPRT) SPRT applicability with sub-clauses (C5.HOEFF/MULT/IID/SUPP), (C11) bounded
gap-growth rate, and (C11.CLK) clock comparability with calibrated probability, combined with
LemmaE] (SPRT Wald-Hoeffding tail bound) and Lemma (Layer 1 intensivity):

Detection quantile.

with A = log((1 — B)/a) Paper 5’s SPRT threshold, Ry = 2B the Hoeffding range width
from (C5.HOEFF) clipping, and 6, the post-clipping union-class drift floor (satisfying 4, <
min(8adv, 625y from Lemmas [5bl [5¢).

Conclusions. (i) Pr[Tyetect > Tp] < 5. (ii) On {Tyetect < T3}, hdetect (0) := Sup, egap(s) <
hstatic(g) + Pgap * Tﬂ (111) P]."[T[g S chcnts (Tmcta)} Z 1- ﬁclk - ﬁcal via (CllCLK) (1V) Total
Layer 2 failure < 8 4 Bk + Beal- Rdetect (#) is intensive in | P| over D.

Proof. We prove (i)—(iv) in five steps.

Boundary convention. Define ty as the last SPRT exposure step at which the deployment is still
within Layer 1’s safe region (equivalently, ¢ty = ¢, in the SPRT exposure clock). Tgetect 1S the
number of SPRT steps from ¢; until the SPRT log-likelihood ratio crosses the detection threshold,
inclusive of the crossing step.

Step 1 (per-step decomposition + (C11)). Under the boundary convention, set s,, := tg + n. By
(C11), the per-SPRT-exposure-step gap growth satisfies (Aegap)n < pgap uniformly over the ad-
missible adversarial class, SO €gap(Sn) < €gap(50) + 1 - Pgap-

Step 2 (boundary condition). At sy = to, the deployment is within Layer 1’s safe region, so by
Lemmall]egap (o) < hstatic(6)-

Step 3 (rigorous Hoeffding inversion to derive Tg). By Lemma@, the SPRT detection time satisfies
Pr[Thetect > t] < exp(—2(t5. — A)?/(tR%)) fort > A/d..

Substep 3a. Suppose T' > 2A/),. Then T6, — A > T4, /2.
Substep 3b. Squaring: (T, — A)? > T?62 /4.
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Substep 3c. Substituting into the Hoeffding exponent: 2(T5,. — A)?/(TR%) > T62/(2R%).
Substep 3d. For exponent > log(1//3), need T' > 2R log(1/3)/52.

Substep 3e. Combining the regime condition (3a) and tail condition (3d):

7y oo {24, IR0

5. 52
For any T' > T, Pr[Tuetect > 1] < exp(—T62/(2R%)) < B. This proves (i).

Step 4 (supremum bound on the event {Tgetect < T}). Combining Steps 1-2 with the bound
Tdetect < TB:

haetect (0) = SUp  Egap(Sn) < hstatic(0) + pgap - T
0<n<Tyetect

This proves (ii) with probability at least 1 —  from Step 3.

Step 5 (cascade-clock event via (C11.CLK)). By (C11.CLK), Pr[Novents(Tmeta) > Neascade] >
1 — Beik, with audit constraint Neascade > T (certified case B, = 0; union over conservative-
bound certificates 5., € (0, 1) empirical case). Thus:

PI‘[T[@ < Nevents (Tmeta” > PI"[T/[; < Neascade < Nevents(Tmeta)] > 1 — Bak — Beal-

This proves (iii). Union bound on the two failure modes (detection-tail < g, cascade-clock <
Bek + Bear) gives Layer 2 failure < 8 + Bex + Beal, proving (iv).

Intensivity. Each constant is deployment-class: hgiatic intensive by Lemma Pgap intensive
by (C11); Ts = max{2A4/d.,2R% log(1/3)/62} intensive because A, 3 are monitor-design pa-
rameters, Ry = 2B is deployment-class via (C5.HOEFF), 4. is deployment-class via (C5.1ID)
post-clipping drift floor (rooted in Lemmas 5b/5¢); Ncascades Bclks Beal are deployment-class via
(C11.CLK). Therefore hgetect is intensive in | P| over D. [ |

Two roles of cascade time. T} is the integration horizon for pg., (a legitimate upper bound on
T4etect from Lemma 4’s Hoeffding form), measured in SPRT exposure-event count. Separately,
Tmeta < Teascade 18 @ lower bound on wall-clock cascade time from [Lasser, 2026h, Phase Re-
dundancy]. (C11.CLK) maps the wall-clock floor Tyets to an event-count floor Neyents(Tmeta)
Neascade With probability > 1 — Sk, supplying the comparable-clock chain T < Neascade <
Nevents(Tmeta)- The lead-time-before- cascade guarantee is therefore in event-count form: T <
Nevents (Tmeta) with PrObability > 1- Bclk - Bcal-

v

Range-width discipline. B is the symmetric clip radius (¢,, € [—B, B] post-clipping); Ry = 2B
is the Hoeffding range width matching Lemma s R = b — a convention. Concretely, T =
max{2A4/6,.,8B%log(1/3)/5%}.

Sign-direction discipline (operator certification). All T3-input certificates point conservatively:
B upper, 6, lower, Neascade lower, each with calibration-failure probability S, (or Sea; = 0 in the
certified-conservative case).

Total Layer 2 failure. Combining Lemma 6 with Lip(g) < Kpp from (C6):

19(T) — g(P)[(s) < Kuyip - (hstatic(e) + Pgap 'TB)
with probability at least 1 — (8 + Beix + Beal)-

(C11) is new content. [Lasser, 2026¢, Microfoundation]’s “/I" failure modes” remark notes ade-
quacy/failure modes of the operational truth 7" but does not establish a formal per-step gap-growth-
rate bound. (C11) is a Paper 10 operational assumption with empirical testability via Audit 7 (§8.2).
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B Notation reconciliation

This appendix collects the full notation reconciliation table. The source papers in the GFM sequence
use different conventions for the same underlying quantities; this paper standardizes on a single set
of symbols across the composition. Symbols introduced by this paper (rather than inherited from a
source paper) are marked New in column 2.

Table 2: Notation reconciliation across source papers and this paper’s standard-
ization.

This paper Source paper Meaning

volp Lasser, 2026i= Possessed-capability volume
volr Lasser, [2026f, Revealed Sacri- Realized capability volume (latent)
fice] volg

volg ! 26 Revealed Sacri- Window-active realized volume
R

fice] vol

volglower 2026f, Revealed Sacri- Sacrifice-derived lower bound

fice] volg

prower [Lasser, 2026f, Revealed Sacri- B-to-C ratio
ﬁce] B ower

HHI 2026g| Need Sufficiency]  Trade-flow Herfindahl index

HHI

Vy 2026d, Horizon Aware] Discounted value function
VY
Text 2026d, Horizon Aware]  Cross-substrate cooperative novelty rate

Text

Meft |, 2026d, Horizon Aware] Nominal effective substrate count
Meff

Ag [Lasser, [2026d, Horizon Aware] Immediate volp-change from domination

0

Arg [Lasser, [2026d, Horizon Aware] Strategy-dependent internal-rate gain
Arg

L 2026h, Phase Redun- Lyapunov function on world-model error
dancy] L

w A 2026h, Phase Redun- World-model state
dancy] W

Praoss 2026h, Phase Redun- Cross-substrate redundancy minimum
dancy] prin®

Tsub 2026h, Phase Redun- Subsumption frequency

dancy] 7sub

S, W 2026h, Phase Redun- Self-correction, error-proportional rates

dancy] rs, rw

Tmeta 2026h, Phase Redun- Metastable lifetime / cascade-time lower bound
dancy]

W, L 2026a, Exogenous Verifi-  Algorithmic witness, verification ledger
cation]| W, L

Commit 2026a, Exogenous Verifi- Pedersen commitment
cation]

Egap 2026€, Microfoundation]  Total proxy-truth gap
€gap

Egap " 2026¢, Microfoundation] ~ Non-residual gap on P*°*

nonres

6&
Efloor 2026e, Microfoundation]  Residual floor

res

Efloor
P, T 2026e, Microfoundation]  Proxy (volp) / operational truth (VOIR[W])
P, T
miseP New Failure-correlation-independent substrate count
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This paper Source paper Meaning

Adiv New Substrate-diversification advantage

Tadv New First-shock arrival time

1 v New Worst-case shock-loss fractions

Aadv New Channel-restricted adversarial class

b New Environment-side detection class; see Lemma

Veonv New Environment-side observable variable enumeration;
(C12.PUB)

€env New Environment-support regularization constant;
(C5.SUPP)

Oadv New SPRT raw KL floor on A.q; Lemma

pe New Environment-side raw KL floor; Lemma

Ox New Post-clipping union-class drift floor; Lemma @
(C5.1ID)

B New Symmetric LLR clip radius; (C5.HOEFF)

Ry =2B New Hoeffding range width; (C5.HOEFF), LemmaEI

K New Monitored-channel cardinality; (C5.MULT)

Kt New Multinomial-category cardinality bound for Chan-
nels 3, 4; (C5.MULT)

A= log% New SPRT threshold; Lemma@

Ts New SPRT high-probability detection quantile; Lemma@

Pgap New Per-step gap-growth rate; (C11)

Neascade New Event-throughput floor before cascade; (C11.CLK)

Nevems(~) New SPRT exposure event count up to wall-clock time

Beix New Clock-failure probability; (C11.CLK)

Beal New Calibration-uncertainty probability; (C11.CLK) em-
pirical variant

K New 26 / R%; Hoeffding-asymptotic constant; Lemma

I, ..., I New Operational invariants

The most consequential reconciliations:

* [Lasser, [2026h, Phase Redundancy]’s m.gs (nominal substrate count) is upgraded to this

9
paper’s m g

inde

P (failure-correlation-independent substrate count). The distinction matters

because nominally distinct substrates may share failure modes (skeleton substrates), and
this paper’s safe-region calculation requires genuine independence.

* [Lasser, |2026¢, Microfoundation]’s P and T (proxy and truth) are written as P = volp and

T = volg

(W]

variable.

throughout this paper to prevent confusion with P as a poset and 7" as a time

* [Lasser, [2026d, Horizon Aware]’s discounted value V7 is written as V, to make the dis-
count factor an explicit subscript rather than a superscript that conflicts with strategy labels
(Vv VD),
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