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Abstract

The consilience thread "the substrate is the algorithm" — that a physical substrate's computational capability is
determined by its intrinsic mathematical structure — passed red-team review verbatim across all five QNFO
research pillars, making it the strongest consilience result in the corpus. This paper elevates the slogan to a formal
statement. We give a category-theoretic formulation (substrate as an object in a monoidal category of physical
systems; computation as morphisms; intrinsic protection as endomorphism-invariance), state a precise conjecture
(the computational capability class of a substrate is the automorphism/endomorphism structure of its state-space
object), test it against the five pillars as instances, and — mandatorily — constrain it against the Church–Turing
thesis. The honest scope limit: the thesis holds at the resource level (native operations, error overhead, energy per
solution, complexity of native gates) but cannot hold at the computability level, where all universal substrates are
Turing-equivalent. The five pillars are resource-level claims, not computability-level claims; the formalized thesis is
correspondingly scoped.
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1. The Thread and Why It Matters

Thread 3 ("The Substrate IS the Algorithm") is the strongest cross-pillar consilience result in the QNFO corpus: it
passed the 2026-07-25 red-team audit verbatim across all five pillars (a claim verified against the primary
published papers, not asserted from the synthesis). The five instances:

Pillar Substrate claim (verbatim-level) Source

Problem-Substrate
Mapping

Substrate determines capability: problem classes matched to optimal substrates
by joules-per-solution

Qubit Delusion Phase
IV

Silent Radix / SRE Exploits intrinsic notation properties (base ambiguity, unknown-weight knapsack) SRE §Abstract

Adelic QEC (P5) Uses intrinsic  topology (Ostrowski incommensurability) for protection P5 §Abstract

v_p^max classification Discriminant intrinsic to the valuation (v_p^max = 28 vs 4) Ultrametric
Foundations

PBO/Autaxys Pattern-process inseparability (Syntactic Generation) Autaxys §2

The slogan's problem: it is evocative but unfalsifiable as stated. This paper gives it a formal content that can be
tested against the pillars and against universality theorems.
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2. Category-Theoretic Formulation

2.1 Setting (following Baez–Stay's Rosetta Stone)

Following the Baez–Stay correspondence (physics  computation via compact closed monoidal categories; verified:
OpenAlex baezstayrosetta, DOI 10.1007/978-3-642-12821-9_2, 258 citations), we set:

Definition 1. A physical substrate is an object  of a compact closed monoidal category  whose morphisms
 are the physically realizable transformations between state objects  (the "free processes" of the

substrate).

Definition 2. A computation on  is a morphism  in  that is realizable by : i.e.,  lies in the image
of the canonical embedding of the substrate's process category into .

This is the Abramsky-style categorical-software/quantum-mechanics alignment (verified: abramsky_quantum,

"Interacting Quantum Observables", 382 citations): the substrate is not a passive carrier but a category of processes
whose morphism structure IS the set of available computations.

2.2 Intrinsic protection as endomorphism-invariance

Definition 3. A property  of states is intrinsically protected on substrate  iff  is invariant under the full
endomorphism monoid  of the substrate object — i.e., for every realizable process  and
every state  with , we have .

Lemma 1 (protection = invariance). A state property is intrinsically protected iff it is fixed by every morphism in
the substrate's endomorphism monoid. Error correction is active exactly when the protected property is NOT in the
fixed-point set of  and must be restored by an explicit (non-free) morphism.

Proof. Immediate from Definition 3: "intrinsic" = no explicit corrective morphism required = the property survives
all free processes. 

Corollary 2 (Ostrowski instance). For Adelic QEC, the p-adic fixed point is protected because the endomorphisms
of the substrate (Archimedean perturbations) do not move p-adic fixed points — the endomorphism monoid's action
preserves the p-adic valuation class. This is the categorical content of "Ostrowski incommensurability."

3. The Conjecture

Conjecture (the formal content of the thread). Let  be a physical substrate with state-space object  in a
monoidal category of physical systems. The computational capability class of  — the set of problems it can solve
with bounded resources (time, energy, error) — is determined by (and conjecturally isomorphic to) the
automorphism/endomorphism structure :

Capability(S)  End(X_S) — the native computational capability of a substrate is the endomorphism
structure of its state space. [my conjecture]

Testability. The conjecture is testable per-instance: for each pillar, identify  and , and check whether
the pillar's claimed capability (protection, classification, base-exploitation) is exactly the endomorphism-invariant
content.
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3.1 Five-instance verification table

Pillar State object Endomorphism structure Claimed capability -invariance?

Adelic QEC  (state
space with p-adic
metric)

Archimedean perturbations (

-linear maps on the real
model)

O(1) protection via fixed-
point incommensurability

PASS — p-adic fixed points
invariant under Archimedean
endomorphisms

Ultrametric
Found.

Code space with
 valuation

Valuation-preserving maps v_p^max discriminant (28
vs 4)

PASS — valuation is the
endomorphism-invariant

Silent Radix Digit-string space
with base 

Positional-notation
endomorphisms (digit ops)

Base-ambiguity exploitation PASS — base ambiguity is
endomorphism-structure
content

PBO/Autaxys Pattern-space with
generative
relations

Pattern-preserving
transformations

Pattern-process
inseparability

PASS (by construction) —
generative relation =
endomorphism generator

Problem-
Substrate

Problem
substrate pair

Resource morphisms (joules,
time)

Optimal substrate per
problem class

PASS — joules-per-solution is
an endomorphism-invariant
cost

Result: all five pillars' claimed capabilities are endomorphism-invariant properties of their state-space objects. The
conjecture is consistent with all five instances. [CONSISTENT — five-instance verification, no

counter-instance found in corpus]

4. Mandatory Constraining Section: The Church–Turing Pushback

4.1 The universality objection

The Church–Turing thesis and Deutsch's physical Church–Turing principle assert: every universal computing
substrate can simulate every other (at the computability level). Verified external anchors: "Classical physics and
the Church–Turing Thesis" (OpenAlex, DOI 10.1145/602382.602411); "Relativistic computers and the Turing
barrier" (DOI 10.1016/j.amc.2005.09.075); "The stochastic thermodynamics of computation" (DOI 10.1088/1751-
8121/ab0850, 152 citations) for the resource dimension.

If substrate determines capability at the computability level, the thesis is false: a Turing machine, a DNA soup, an
Ising machine, and a p-adic substrate are all Turing-equivalent for the class of computable functions.

4.2 The resolution: resource-level, not computability-level

The thesis survives only when scoped to the resource level. Define:

Definition 4 (resource-sensitivity). Two universal substrates  differ in computational capability iff there
exists a problem  and a resource bound  (time, energy, error-rate) such that  solves  within  but  cannot.

Proposition 3 (scoped thesis). The substrate-is-the-algorithm thesis holds as: for fixed resource bounds, the set of
problems solvable by a substrate is determined by its endomorphism structure. At unbounded resources, all
universal substrates coincide (Church–Turing); at bounded resources, endomorphism structure selects the feasible
class.

Proof sketch. Capability-with-bounds = {p :  f  End(X_S) realizable within }. Different endomorphism
monoids give different bounded sets even when the unbounded closures coincide. 
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Corollary 4 (why the pillars are resource claims). Every pillar's headline is a resource-level claim: O(1)
protection (error-resource), v_p^max discriminant (code-resource), joules-per-solution (energy-resource), base
ambiguity (time-resource for attacker). None claims a computability-level advantage. This is the correct reading of
the thread.

4.3 Where the thesis is genuinely constrained

It is not a new computability thesis. No pillar claims to compute the uncomputable. The thesis adds nothing
at the Turing-barrier level.

Universality theorems bound it. Any substrate that supports a universal process is Turing-equivalent in the
unbounded limit — the thesis must always be stated with the resource qualifier.

Simulation asymmetry. A substrate's endomorphism structure can be simulated by any universal machine, so
"intrinsic" does not mean "unavailable elsewhere" — it means "available without active overhead on this
substrate." The difference is thermodynamic/structural, not logical.

The strongest honest form: "the substrate is the algorithm" = the resource-efficient algorithm. Endomorphism
structure determines which problems a substrate solves cheaply, not which problems it solves at all.

5. Calibration Register

6. Mandatory Symmetry (KIF-18)

Where External Literature Supports the Framework

Baez–Stay, Physics, Topology, Logic and Computation: A Rosetta Stone (2010) — the physics/computation
category correspondence that grounds §2. [established]

Abramsky & Coecke, Categorical Quantum Mechanics / Interacting Quantum Observables (2008) —
processes-as-morphisms, the morphism-structure-as-capability idea. [established]

Landauer (1961) and the stochastic-thermodynamics-of-computation literature (2019 review, DOI
10.1088/1751-8121/ab0850) — computation as a physical process with resource costs. [established]

The quantum-computation-as-contextuality literature (Howard et al. 2014, "Contextuality supplies the 'magic'",
DOI 10.1038/nature13460, 632 citations) — resource-level distinctions between quantum substrates that are
Turing-equivalent. [established]

Where External Literature Constrains or Contradicts

Church–Turing / Deutsch physical CT principle — the direct constraint: universal substrates are
computability-equivalent; the thesis must be resource-scoped (§4). [established — constraining]

Simulation universality (Turing 1936, von Neumann, Bennett) — any universal machine simulates any
other; "intrinsic" capability claims are always relative to overhead, never absolute. [established —

constraining]

The single-collective limitation (KIF-16/17) — all five pillar instances originate from one research collective;
the five-instance "verification" is internal consistency, not independent confirmation. External application of
the conjecture (e.g., to well-characterized non-QNFO substrates: Ising machines, memristive arrays, optical
processors) is REQUIRED before the conjecture can be treated as more than a unifying restatement.



Circularity risk — "endomorphism structure" is defined to make the pillars instances (Definition 1/3 are
constructed so protection = invariance). The conjecture's content is therefore partially definitional; its empirical
content is whether the resource-level predictions (which problems are cheap on which substrates) hold for
OUT-OF-CORPUS substrates. This is the honest boundary of the formalization.
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