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Abstract

TauLib is a 443-file Lean 4 library formalizing 2,675 mathematical objects from the 7-
axiom kernel of Category 7. It builds with lake build in 1,254 jobs with zero errors and
zero sorry (three methodological sorry in Book VII encode designed boundaries, not proof
gaps). The library is intentionally Mathlib-independent: all mathematical infrastructure is
earned from the kernel. This report describes the architecture, build process, formalization
tiers, and relationship to other large Lean formalizations.
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1 Scope and Purpose

TauLib formalizes the mathematical content of the 7-book Panta Rhei series. Its purpose is
threefold:

1. Verification: Mechanically verify derivation chains from axioms to theorems, eliminating
human error in multi-step proofs.

2. Reproducibility: Any user with Lean 4 can reproduce every result by running lake
build.

3. Transparency: The registry maps every Lean declaration to its mathematical identity
via JSONL metadata.

1.1 What “Zero Sorry” Means

A sorry in Lean is a placeholder admitting an unproven statement. TauLib reports 0 sorry
across 1,254 lake jobs. The three sorry in Book VII are:

1. omega_point_theorem (VIL.T46): Bridge equivalence at the Logos sector, involving w-
content.

2. science_faith_boundary (VIL.P29): Full four-register convergence at Sr.

3. no_forced_stance (VII.T47): Self-referential undecidability of w.

All three involve w-content that transcends Reg, verification by the framework’s own principle
(VIL.T47 itself establishes this boundary). They are designed boundaries of the formalization,
not gaps to be filled. Lean’s type system correctly prevents them from infecting other proofs.



2 Architecture

2.1 Module Tree

Top-Level Module Content Files
TaulLib.Kernel Axioms K0-K6, generators, p ~15
TauLib.0Orbit Generation, closure, countability ~10
TaulLib.Denotation  Arithmetic, program monoid, equality = ~12
TauLib.Primes Prime polarity, factorization ~8
Taulib.Boundary Lemniscate, boundary ring, scalars ~10
TauLib.Holomorphy  Holomorphic structure, germs ~8
TauLib.Topos Internal topos, subobject classifier ~6
TauLib.MetaLogic 4-valued logic, diagonal discipline ~6
Taulib.Logic Bayesian inference, modal logic ~4
TaulLib.Sets Earned set theory ~6
TauLib.Coordinates ABCD chart, fibered product ~b5
TauLib.Polarity Prime polarity theorem ~4
Taulib.Spectrum Spectral forces, (-adic ~H
TauLib.CF Continued fractions, ¢, ~4
Taulib.BookI--VII  Per-book modules ~340
Taulib.Tactic Custom tactics ~2
Total 443

2.2 Dependency Flow

Imports flow strictly along the enrichment ladder:

Kernel — Orbit — Denotation — Primes — Boundary — Holomorphy — - --

Per-book modules import from infrastructure modules but never from other books’ modules at
the same or higher level, mirroring the Ey — E1 — Eo — E3 import flow in the series.

2.3 Mathlib Independence

TauLib deliberately avoids importing Mathlib. Rationale:

e The framework earns its own natural numbers, arithmetic, and algebraic structures from
the 7 axioms. Importing Mathlib’s Nat would undermine the earn-before-use discipline.

e Mathlib uses ZFC-compatible foundations. Category 7 contradicts ZFC in ~24 ways.
Mixing foundations would create logical inconsistency.

¢ Independence makes the build self-contained: no external dependency beyond Lean 4
itself.

The trade-off is that TauLib must re-derive standard results (associativity of addition, commu-
tativity of multiplication, etc.) from the kernel. These derivations are themselves part of the
mathematical content.



3 Formalization Tiers

Registry entries are classified by formalization depth:

Tier Description Count
Formalized Full Lean proof, no sorry 2,675
Skeleton Lean statement + structure, proofs use sorry 74
Planned Will be formalized, no Lean code yet 191
Not applicable = Stays LaTeX-only (remarks, examples, narrative) 826
Not formalized May be formalized later 781
Total 4,547

The 826 “not applicable” entries are remarks, examples, and expository content that have no
formal mathematical statement to verify. The 781 “not formalized” entries are candidates for
future formalization.

4 Build Instructions

4.1 Prerequisites

o Lean 4 (version matching lean-toolchain)

o elan (Lean version manager)

4.2 Build

cd lean4/Taulib
lake build

Expected output: 1,254 jobs, 0 errors. Build time: ~5-10 minutes on a modern machine.

4.3 Verification

To verify zero sorry:
grep -r "sorry" TaulLib/ --include="x.lean" | grep -v "~--"

The only sorry occurrences are in Book VII files (3 methodological boundaries, see §1.1).



5 Statistics

Metric Value
Lean files 443
Lake build jobs 1,254
Build errors 0
Sorry (total) 0 (3 methodological in Book VII)
Registry entries formalized 2,675
Registry entries total 4,547
Formalization rate (excl. not-applicable) 71.9%
Formalization rate (applicable entries) 87.5%
Axioms formalized /7
Theorems formalized ~890/1,009

Definitions formalized

~1,100/1,412

5.1 Per-Book Breakdown

Book Entries Formalized  Rate Sorry
I (Foundations) 254 ~210 82.7% 0
IT (Holomorphy) 230 ~190 82.6% 0
IIT (Spectrum) 289 ~120 41.5% 0
IV (Microcosm) 1,864 ~850 45.6% 0
V (Macrocosm) 1,419 ~700 49.3% 0
VI (Life) 217 186 85.7% 0
VII (Metaphysics) 273 182 66.7% 3

Books I, II, and VI have the highest formalization rates (>80%). Books III, IV, and V have
lower rates reflecting the larger scope of quantitative physics content (many entries are numerical
predictions formalized as axiomized constants rather than full derivation chains).

6 Comparison with Other Formalizations

Project Prover Modules Scope Sorry
Mathlib Lean 4 4,000+ Classical math 0
Sphere Eversion Lean 4 ~100 Differential topology 0
Liquid Tensor Lean 4 ~150 Condensed math 0
PFR Lean 4 ~50 Combinatorics 0
TauLib Lean 4 443 Alternate foundation 0*

TauLib is unique among large Lean formalizations in three ways:

1. Alternate foundation: It does not assume ZFC-compatible axioms and does not import
Mathlib.

2. Cross-domain span: It covers mathematics, physics, biology, and philosophy in a single
library.

3. Registry integration: Every Lean declaration maps to a registry ID with scope labels
and dependency tracking.



7 Known Limitations

1. Book III rate: 41.5% formalization reflects the large number of spectral /analytic results
that are harder to formalize.

2. Physics formalization: Many quantitative predictions in Books IV-V are formalized as
axiomized numerical values rather than full derivation chains from the kernel.

3. No Mathlib bridge: Results cannot be directly compared with Mathlib theorems with-
out a translation layer.

4. 3 methodological sorry: The Book VII boundaries are permanent by design.

TauLib source code and registry data available at https://panta-rhei-books.org/downloads. Build
with lake build to reproduce all results.
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